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KIT-A-VIONTH

The Altair  kit-a-month plan allows you to own an Altair mainframe without
taxing your pocketbook. Mits has made it easy for you to purchase an 8800a,
8800b or 680b computer in monthly installments where you receive compon-
ents with each payment. There are no financial charges because we have made
each monthly shipment a kit in itself. This will give you time to read up on com-
puters and/or gain knowledge from friends.

We have set up an Altair kit-a-month payment desk to service your needs.
When writing or calling the factory for information about your shlpment or
account, just refer to the “kit-a-month payment desk”
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OWN YOUR 680b IN FIVE EASY PAYMENTS

1st month 680b Manuals, Main and Display PC Boards,
and membership in users group
2nd month 680b Case and Power Supply
3rd month Parts for 680b Display Board
4th month Parts for 680b Main Board less Integrated
Circuits
5th month 680b Chips

$93.20 plus $2.00 per month make your payments $95.20 per month and you have your compiete
kit in five easy payments. This plan gives you the full 680b with memory and 1/0. The BAUDOT Option is
still $42.00 extra and may be purchased with Time Payment #4 or #5. Remittance of $95.20 will start you
on your way to owning your own computer.

© Alaska, Hawaii, APO and FPO customers include $3.00 per month for Air Parcel Post charges instead

of $2.00 for regular Parcel Post shipment. This would make your payment $96.20 per month.

Canadian customers include $3.00 per each month for postage and handling fees.
NOTE: This plan does not apply to foreign sales other than Canada.

NEW ALTAIR 8800B
Avallable on Time Payment Plan

$105.00 payment per month plus $2.00 postage and handling for each Kit makes an easy $107.00
per month to own the newest of the Altair processors.
Send in your first $107.00 money order and start receiving your 88008 Kit by August 1, 1976.

8800B Month #1 Manuals
#2 EC-18
#3 Power Supply Board & Parts
#4 Transformer
#5 Display Board & Parts
#6 Case
#7 Main Chips
#8 CPU Board & Parts Less 8080A

Alaska, Hawaii, APO and FPO customers please inciude $4.00 for shipping charges (making $109
per month payments) for Air Parcel Post shipment. Otherwise, shipment will come Parcel Post, not insured.

Canadian customers must accept month #6 Emery Airfreight Collect. All other months must include
$4.00 postage and handling making monthly payments of $109.00.

$79.00 / Month
ALTAIR 8800A TIME PAYMENT PLAN

8800A Time Payment #1 8800A Manuals and Users Group Membership
#2 EC-18. PC Board and Hardware
#3 8800A Power sSupply Kit
#4 8800A Case
#5 CPU PC Board and Bag of Parts less the
main chip
#6 Main Processor Chip
#7 Display Control Board and Parts

The price of the Altair 8800A mainframe is $539.00. Seven easy payments plus $2.00 per month for
postage and handling charges make this plan equal $79.00 per month. Upon receipt of your first $79.00
payment you are on your way to owning your own 8080A basic computer system. A list of available com-
patible peripherals is enclosed to let you plan your system as you learn about your microprocessor. By
8800A Time Payment #7 you're ready to go.

Alaska, Hawail, APO and FPO customers please include $4.00 for shipping charges (making $81
per month payments) for Air Parcel Post shipment. Otherwise, shipment will come Parcel Post, not insured.

Canadian customers must accept month #4 Emery Airfreight Collect. All other months must include
$4.00 postage and handling making monthly payments of $81.00.



KIT-A-MONTH

ORDERING INSTRUCTIONS

in order to smoothly and efficiently expedite your orders, we ask that you

note the following helpful hints: '
1. Send all payments other than BankAmericard or Master Charge in the

form of a cashier’s check or money order. Personal checks are acceptable, but
clearance time will delay your order by 2-3 weeks.

2. The kit-a-month plan has been set up to proceed in order and we cannot
deviate from that order. You can help us by noting with your payment what
month you are on.

3. When calling or sending in orders, refer to your customer name on
the original order and also your Mits order number.

4. If you change your address, keep your name as it is on the original
order to keep records straight.

5. Please note special instructions for Alaska, Hawaii, APO, FPO and
Canadian customers. If these are not followed, it could result in delays in proc-
essing your order.

6. The Kit-a-Month desk has been set up to help expedite your orders
because of the overwhelming response we’ve had with previous time payment
plans. Please feel free to use this service whenever you have questions. When
writing letters to Mits, simply note “Kit-a-Month desk” on the outside of the
envelope.

NOTE: Once you start the Kit-a-Month plan you are guaranteed the existing
price at the time of your first order. You will not be affected by price increases.

Enclosed is my paymentof __ _ for the first shipment of my Altair :

kit-a-month. |

Master Charge # or BankAmericard #
Altair 680b[ ] Altair 8800a[’] (JAltair 8800b

NAME
ADDRESS
CITY STATE & ZIP
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pg (TOGESS /2450 Alamo SE/Albuguerque, NM 87106 5052437821 |
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Prices, specifications, and delivery subject to change.
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The Concertina System

Editorial by
Carl Helmers

The often asked question of the personal
systems cynic is ‘“What on earth do people
do with home computers?” In many ways
this question is analogous to what might
have been asked by automotive skeptics in
the early part of this century: “What on
earth do you expect people to do with
automobiles?” Fifty to 60 years of history
have answered the latter question in
numerous concrete demonstrations, and one
can only expect the coming decades of
computer evolution to answer the former

question in numerous ways.

Of course the simplest reply to the first
question is “Compute!”” and is as empty of
content as the analogous reply for auto-
mobiles, ‘“‘Drive!”. Computing without a
purpose is like driving without a destination,
an intrinsically enjoyable pastime on
occasion but hardly touching upon the set of
possibilities inherent in digital computation
and control. The key to a broadened per-
spective on the computer and its place in
human activities is the concept of the
application. An application for the computer
is like a destination for an automotive trip.
If | set in my mind the goal of driving down
to Boston for an evening in Symphony Hall
with Arthur Fiedler, the Boston Pops and
company, my automobile has now acquired
an ‘“‘application.” Similarly, if | decide to
customize my computer system as a vehicle
for editing and playing music, a very
ordinary and garden variety Motorola 6800
plus memory and peripherals has acquired an
“application” whenever | choose to use it
for that purpose. (Like an automobile that
can be driven anywhere without reason, the
true general purpose computer need not be
exclusively dedicated to one applications
goal.)

The concept of music played using com-
puters is an excellent focal point to
demonstrate practical uses for personal
computers. Here is a specific application of
the computer technology for very human
purposes, a concrete argument to throw at

the skeptic and cynic. The choice of a
musical application goal, like the decision to
drive to a concert with an automobile,
makes the technology come alive with
human values.

The traditional concertina is a simple
pneumatic acoustical instrument similar to
an accordion. The pneumatic concertina is
hardly a widely known or used instrument.
In a hand held package with control buttons,
it gives the player an ability to create a fairly
rich timbre similar to a reed organ or a
harmonica. Like all instruments, it requires
an element of virtuosity to play at all well,
but within its limitations it makes an
interesting vehicle for musical expression.

The relative obscurity of the original
concertina instrument, the harmonically rich
nature of its timbre, noting its use by a
single (good) artist in creating a polyphonic
output, and most of all, falling in love with
the smooth sound and etymological roots of
its name leads me to propose the name
“concertina system’’ for a musical instru-
ment based on a personal computing system
integrated with musical software and
peripherals. The concept of the digitally
controlled musical instrument is not new,
but the technology which makes it possible
at a reasonable price is as new as the whole
LSl computer technology. For about the
same price that you or | would pay for a
virtuoso quality home electronic organ, it is
possible to add a music playing peripheral to
a computer system which will allow the
owner to accomplish musical performance
feats unheard of on an organ or traditional
instruments. As of this writing, | know of
two companies which are in the process of

preparing products which can simply convert
an existing computer system into a
polyphonic synthesizer with the potential
{(with software) of becoming a truly playable
concertina system. One company is located
in Arizona and is said to be designing an
Altair compatible plug-in card with several
polyphonic channels of digitally controlled
music output. Another company, ALF
Products, 2130 Bell Ct, Lakewood CO
80215, is in the preproduction prototype
stages of preparation to market a modular
computer controlled synthesizer which inter-



faces to any existing computer by using the
two programmable ports of a single PIA
chip. (Most existing computers have pro-
visions for a “PIA card” with one or more
such “parallel interface adapters” together
with appropriate plugs.) The ALF design has
8 fully programmable music channels with
an option to add 8 less versatile ‘‘back-
ground”’ channels to achieve the potential
for a truly orchestral sound.

There are undoubtedly additional in-
dividuals and companies working on similar
systems and products which can simply and
inexpensively (relative to costs two to three
years ago) add a minimal concertina system
capability to the typical home computer
system. Readers will find more information
on this subject as the products become
better defined and reach the marketplace;
we also expect to publish articles on the
technology of computer controlled musical
instruments (experimenters and potential
authors: take note).

If you have a computer, you have 75 to
90% of such a ‘“‘concertina system” already
available. All the control and data manage-
ment power needed to implement a rela-
tively simple and quite functional
polyphonic music interpreter is present in a
microprocessor system using chips such as
the 8080, Z-80, 6800 or 6502 with several K
of applications program memory (I use 12 K
myself for interpreter and text area, but it
would certainly be possible to program a
usable system with as little as 4 K memory.)
The system also requires a video output

display, ASCII text keyboard and a pair of
audio cassette drives with motor control via
relays and a data rate of at feast 300 baud.
Obtaining better mass storage peripherals
such as floppy disks, 3M cartridge drives or
high speed electronically controlled Philips
cassette decks is of course highly desirable.

This use of the computer system, while
requiring a dedicated peripheral, is com-
pletely consistent with the concept of the
general purpose personal system, for when
the system is not being used for music,
programs with other purposes can be
employed. Many typical uses require such a
peripheral specific to the application; many
other applications such as record keeping,
calculation, text processing, mathematical
and simulation games, and so on merely
require the general purpose computing sys-
tem composed of processor, programmable
memory, text keyboard, video display and
mass storage on magnetic media. The
‘“‘concertina system’’ concept is but one of
innumerable answers to the critic’s question
of “What do you really do with a home
computer?”’m

Word Gets Around . . .

The personal computing field is getting

some attention as the amount of activity
creates some micro ripples in the big pond of
things people do. An article in the july 12
issue of Business Week featured Paul Terrell’s
Byte Shop computer store in Mountain View
CA. Paul’s shop is one of the largest retail
outlets among the more than 250 stores
coast to coast which regularly stock BYTE.

Also, lvan Berger, electronics and photog-
raphy editor of Popular Mechanics magazine,
reports in phone conversation that he has
scheduled a short feature article on home
computers, their present and future
prospects, in the September Popular
Mechanics.

There have of course been several local
and national newspaper stories lately. As
products improve and the market expands,
we should see more and more examples of
public awareness of computers documented
in the press and other media, a welcome
trend indeed.®

Size and Finesse

Perhaps you’ve noted a moderate expan-
sion in the size of your monthly mouthful of
BYTE, along with the addition of some
colorful spices to make each BYTE more
flavorful.

Switching metaphors, a magazine such as
BYTE is in many respects like a very large
and complicated program design. The first
concern was and is to fill a high quality
technical magazine with good useful infor-
mation and fun, once a month. This is the
algorithm we have used very successfully and
continue to use.

But, like the large program, although the
basic algorithm design is not subject to
major changes there are always new features,
incremental improvements and parameters
to adjust. Striving for the ‘“best possible
BYTE” is an ingrained part of our philoso-
phy, where “best” is defined as serving the
needs of our customers in this specialized
field.

In the area of improving the product,
recent increases in the size of each BYTE
reflects a synergistic combination of sub-
scriber and advertiser support. The added
spice of color printing on interior pages is
directly a result of support from advertisers,
who make such support possible because of
our readership. We'’re still experimenting
with this new possibility of highlighting and
enhancing technical articles but the presenta-
tion should continue to improve.®m
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Figure 1: A suggested circuit to decode the audio output of an amateur radio
receiver. The receiver produces an audio tone burst corresponding to the
keyed continuous wave (CW) signal being received. This tone has a frequency
which depends on the tuning of the receiver. The 567 PL L circuit is a tone
decoder, which can have its center frequency adjusted by RI. The receiver
output frequency and the NE 567 frequency should be the same for the
desired signals. Noise and garbage (such as other stations nearby) will
complicate the actual receiver output waveform.
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So you've been reading all about these
marvelous new microcomputers, and think-
ing about how nice it would be to have one
that would translate Morse code for you.
Well, it certainly sounds reasonable; it really
depends upon what you expect from your
computer. If you are expecting error free
code translation under even the best signal
conditions, you are in for a rude awakening.

First of all, a computer (by today’s
standards anyway) cannot beat or even meet
the standards set by a good human operator
receiving code. You say you'll concede that
point? Why should it be so difficult to
design a translator that would work most of
the time? That’s the purpose of this article! |
am not trying to discourage all the code
copying enthusiasts out there; [ am trying to
prepare you for some of the not so obvious
problems you might expect.

For the purpose of this article, | will have
to assume that you have somehow managed
to translate the audio (code signal plus noise
plus garbage) into a digital format of 1’s and
0’s. There are many ways to do this, but
probably the most simple is shown in figure
1. This is a straightforward tone decoder
using a 567 integrated circuit. (Remember
that when a tone is present and decoded, the
output is a zero.)

Now that you have this nice (hopefully
free of noise) digital signal, what do you do
with it? The answer to this one is sim-
ple. ... Anything you want to do! In all
seriousness, | will now branch into a discus-
sion of hand sent Morse code characteristics.
Assuming that you all know that a dot is
assigned a relative time duration of (1.0), it
follows that you also know that the dash is
ideally (3.0), the letter space is (3.0) and the
word space is (7.0). (If you are a ham, you
do know that, don’t you?) At this point |
can safely say that the problem of transla-
ting machine sent Morse code is relatively
trivial. 1 use the word trivial because it is
really just one machine talking to another
machine; the intervals are all fixed and are
constant, making translation merely a matter



of a table lookup assuming both machines
use the same Morse code data rate.

At this point, it will be convenient to
iltlustrate the hand sent Morse translation
problem. Figure 2 is a histogram of a very
short message sent with a hand key.

CQ CQ CQ DE OPERATOR NUMBER ONE

The largest single distribution in the
shorter mark group has been assigned the
relative time value of (1.0). Keeping in mind
the very small size of this sample, you can
see that there is a wide variation in mark
lengths. (This variation will increase pro-
portionately with an increase in sample size.)
Space lengths are not as clearly defined, and
it is very difficult to decide where the
decision should be made between letter
spaces and word spaces. This won’t be a
serious problem though, since an extra space
or the lack of a space between words rarely
damages the message context. The decision
problem will become acute when the space
interval within characters begins to spread
toward the lower boundary of the space
interval between characters. This will be one
of the primary sources for decoding errors,

This article will not and should not
specifically address such problems as: (1)
gradual frequency drift from either the
transmitter or receiver, (2) rapid transmitter
frequency drift (*chirp”), (3) atmospheric
fading, (4) noise from natural or human
made sources, or (5) the presence of many
other Morse and non-Morse (SSB, RTTY,
etc) signals in the same receiver passband.
The reason for this is simple: These factors
are just too complex to be within the
correction capability of simple algorithms.
Remember that these problems are common
to machine sent and hand sent Morse code
signals.

Translating hand sent code really begins
to get sticky when the sending operator gets
sloppy. (He or she might send a “‘special”
signal like —....- [73, a signoff greeting]
which tends to give receiving operators
problems tool) Let’s face it, therc are a lot
of really bad “fists” out there. Of course,
there are some pretty good ones too, but
frequently the contact you want falls into
the bad group!

The reason automatic decoders are usual-
ly unsuccessful at decoding hand sent Morse
code is: they are unable to adapt to the time
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varying properties of the statistical Morse
signal. (This means the signals change charac-
teristics from time to time . ... usually just
as the machine was ready to adapt to the
previous change.} These statistical changes
are reflected only partly in the mark and
space timing characteristics of different
operators or those of the same operator over
an extended time.

One of the advantages a human has is the
ability to make contextual analysis on what
is sent. For example, an operator might hear
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and understand the signal [“CQ’]; the
machine would translate NNMA (just as
it was sent). Examples of this phenomenon
are endless and are available on the airwaves
daily.

There are three primary approaches to a
solution of the hand sent Morse translation
problem:

1. Macro: You can accumulate statistical
information on a particular operator
and use this data to make decoding
decisions.

2. Micro: You can make your decisions
on a mark to mark basis.

3. Averaging: You can compromise these
two methods and come up with a
hybrid algorithm.

Approach (1) requires a long sample time
to develop the statistical information, and
during this time the decoded output would
probably be unacceptable. Even after the
statistics become valid, the decoder would
operate only on operators with similar

i3

AVERAGE =3.81

hme
—_—

AVERAGE = 4.97

Figure 2: A histogram of a
typical hand sent message,
the text “CQ CQ CQ DE
OPERATOR NUMBER
ONE", The terms “mark”
and ‘‘space’ refer to the
low and high TTL levels
out of the detector of fi-
gure 1, respectively.
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Figure 3: The flow diagram of a relatively unsophisticated Morse decoder program. The adaptive features of this program are
contained in the calculation of a new running average of the dot length whenever a dot is detected, The speed of the algorithm’s
response to a change in the keying rate of the Morse input is a function of the number of dots maintained in the running average.
A more complex algorithm could take into account the nominal dash spacing of three dots as part of the average, as well as the
spacing between signal elements within characters.

idiosyncracies. This is a nice idea, and it
works well for individual operators; but it is
not very workable for a broad collection of
operator characteristics. Approach (2) is the
easiest method — sometimes called the
“ideal dot” method — but it is very suscep-
tible to noise pulses and rapid code speed
changes. (It tends to generate an excessive
number of errors and is not really that good
for decoded output.) For now, approach (3)
seems to offer the best chance of working.
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Many individuals and commercial manu-
facturers have tried variations on approach
(3); but they all boil down to: Sample from
four to eight characters, average the lengths
of the dots, and use that average to make
decoding decisions. After the initial average
is set, you can update the average each time
a dot is detected; or you can average both
dot and dash lengths and settle on a median

Continued on page 106
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MORSE CONVERSION BACKGROUND
INFORMATION

A letter from W A Hickey regarding
Morse translators appeared on pages 92-93
of your July issue. For the further edifica-
tion of your readers, perhaps including Mr
Hickey, | provide the following additional
references on this topic:

Althoff, W A, An Automatic Radio-
telegraph Translator and Transcriber
for Manually Sent Morse, NTIS
AD-772 745, Dec 1973.

Ball, Edison L, Processing of the
Manual Morse Signal Using Optimal
Linear  Filtering, Smoothing, and
Decoding, NTIS AD-A019 493, Sept
1975.

Bedzyk, W L, Machine Translation of
Morse Code Using a Microprocessor,
NTIS AD-785 130, June 1974.

Guenther, ] A, Machine Recognition
of Hand-Sent Morse Code Using the
PDP-12 Computer, NTIS AD-786-492,
Dec 1973.

McElwain, D K and M B Evens, “The
Degarbler — A Program for Correcting
Machine Read Morse Code,” Informa-
tion and Control/, March 1959.

McNaney, ] T, and Richard R Tice,
System for Converting Telegraphic
Code into Characters, US Patent
2,840,637, June 1958.

Powers, B L, and F R Scalf, The
Design of a Morse-to-Teletype Signal
Converter Using Integrated Micrologic
Circuitry, NTIS AD-840 255, June
1968.
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Shenk, E R, and ] C Phelps, Auto-
matic Code Signal  Discriminating
Device, US Patent 2,534,388, Dec
1950.

Smith-Vaniz, W R, and E T Barret,
“Morse to Teleprinter Converter,”
Electronics, July 1 1957.

Tevis, R, Printing Telegraph Receiver,
US Patent 1,805,114, May 1931.

Thomas L A, Morse Code Printing
System, US Patent 2,534,387, Dec
1950.

Winter, A C, Code-Controlled Appa-
ratus, US Patent 2,384,513 Sept 1945.

| doubt that this list is complete; | have
not been interested enough to do a really
thorough literature search.

On a different topic: May | suggest that
you provide the magazine name, the volume
number, and the date, at the bottom of each
page. Despite your predominantly hobbyist
readership, this small professionalism would
be useful.

E Douglas Jensen

Principal Research Engineer

Computer Systems Technology Section
Research Department

Honeywell Aerospace & Defense Group
Minneapolis MN 55413

The current issue of BYTE adds a bit to
the applications literature. Thanks for
sending along an excellent list of further
sources.

MORE ON MAKING PC BOARDS

I would like to add a few things to James
Hogenson’s article on making printed circuit
boards [/uly 1976 BYTE, page 58].

Readers who wish to make their own PC
boards will find that the spray resists are
messy and often difficult to use. We have
found that a dry film resist made by
Dynachem Corporation, Santa Fe Springs
CA 90670, works very well and is easy to
use. The material is called Laminar and
comes in various thicknesses. The one mil
thickness is the best for general use. One of
the nice things about it is that it is developed
in a water solution of sodium carbonate
{Arm and Hammer washing soda) made to a
concentration of 2 to 3%. It is moderately
sensitive to light and may be used in room
lighting without difficulty. It is easily ap-
plied by heating the PC board and rolling it
on with heating. A hard rubber roller works
the best. These are available from art supply






If we credit Charles Bab-
bage with the first pro-
grammable digital com-
puter design, we should
likewise consider Lady
Lovelace as the first
programmer.

stores. The Laminar also has protective
plastic coatings on both sides. The soft,
flexible coating is removed before laminating
to the clean copper clad. The inflexible
coating is removed before developing. The E
I du Pont Company also has a similar type of
resist material.

The PC boards must be very clean before
resist is put down on the copper surface. A
dip in dilute hydrochloric acid or muriatic
acid followed by a scrubbing with Ajax or
steel wool will prepare the surface. Hogen-
son’s photo 9 looks like the result of resist
put on a dirty board.

Printed circuit boards shouldn’t be drilled
with regular steel drills. They will wear out
quickly and will leave ragged holes. Try
carbide drills made for PC drilling. Most PC
material houses should stock these. The type
with an eighth inch shaft will fit in most
tools.

Bishop Graphics Inc, 20450 Plummer St,
Chatsworth CA 91311, has a wide variety of
PC layout and tape-up aids. | would suggest
that readers get a copy of their catalog since
the last 32 pages are a technical manual on
PC layout and related technigues.

| hope this will help your readers to
improve their PC board technique.

Jonathan A Titus
Tychon Inc

POB 242

Blacksburg VA 24060

ON BLANKS, CHARACTERS AND
WOMEN IN COMPUTING

| am glad to see BYTE is developing as a
stable but flexible medium for the computer
hobbyist. There are, however, three points
which should be addressed early in your
history:

1. Invent a “blank character.” Variable
spacing for uniform column width is
fine for reading, but poor for showing
significant blanks. Programmers have
long used special symbols to represent
spaces or blanks, much as zeros act as
placeholders for Arabic numerals.
Examples are the lower-case b with
overstruck slash or dash, and a square-
cornered U. If no special character is
available, perhaps just a lower-case b
would do (eg: “LIMb+1” to show a
blank as necessary) [Only necessary in
the limited context of character text
string examples . . . CH]

2. Publish your character set. Testing the
character set is often one of the first
acts performed with a new medium
{such as a keyboard, video display, or
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printer). It appears that you do not
have, for example, Greek letters,
although you have quite a variety of
fonts and styles. (This suggests using a
different typeface to spell out symbols
that may be single characters in the
original, such as THETA or UP-
ARROW). Many of us are no longer
limited to 47 computer symbols, but
use 128 character ASCII. [Our text
character set is published by IBM, in
its literature on Selectric Composer
balls, for computer graphics we gener-
ally assume 7 bit ASCII unless nated. |

3. While it is awkward in English to avoid
masculine pronouns (he, him, etc), |
do think we should try to avoid the
masculine assumption about readers
(eg: having a wife). This is a new field,
which is developing at a time in our
history when women (and men) are
outgrowing their traditional roles. |
think we can expect to see a gradual
increase in the number of women
interested in computers, and should
encourage the trend.

In this light, it may be relevant that if we
credit Charles Babbage with the first pro-
grammable digital computer design, we
should likewise consider one of his chief
advocates, the Lady Lovelace, as the first
programmer. She wrote instructions for set-
ting up the Analytical Engine to perform
certain calculations. (This was, of course,
working in the abstract, as the machine was
never completed.)

Zhahai Stewart
POB 1637
Boulder CO 80302

As to the Jast point, we're all for it. But it
is a fact that most BYTE readers are male.
Where is the other 50% of the human race in
computing? As a rule, we try to keep things
relatively free of stereotypes in the hopes
that the other 50% will start finding out
about the wonderful attractions of com-
puters and computing. . .. CH

IDENTITY CRISIS

This is just a short note to say that | am
enjoying BYTE and to offer a suggestion in
the form of a question:

“What do we call ourselves 7"

Radio amateurs call themselves hams and
I am sure other people have other names for
them. However, in BYTE to date, | find that
writers are grasping for words to use to
describe the computer hobby. Perhaps you



Microcomputers are highly
complicated devices. When you
buy one you want to make sure
the manufacturer has a solid repu-
tation for reliability and support. You
want to make sure he’ll be in your corner
a year or two down the road.

The Altair~8800 from MITS was the first
general-purpose microcomputer. Today, there are
more Altair computers up and running than all the
other general-purpose microcomputers combined.
Today, Altairs are successfully used for literally hun-
dreds of personal, business, scientific, and industrial
applications.

Because we are so popular, many people have tried
to copy us. The pages of microcomputer magazines
are full of advertisements for Altair compatible devices

and Altair imitation computers.

Because we are NUNMBER ONE,
we offer a much broader range of
products and services than any of
our competitors. One manufacturer
might be able to copy one of our
computers. Another might be able
to produce a working memory card.
But no one can copy the overall
Altair concept.

The Altair concept is a system
concept aimed at practical, cost
effective applications. That's why
we offer three mainframes includ-
ing the Altair 680b, Altair 8800a,
and Altair 8800b; ten peripherals
including a multi-disk system; and
over 20 plug compatible modules
including our new, low power 16K
static memory board. That's why we
are the only microcomputer manu-
facturer to go to the extra expense
of providing our customers with
quality, higher language software.

When you buy an Altair, you're
not just buying a piece of equip-
ment. You're buying years of reli-
able, low-cost computing. You're
buying the support of the NUMBER
ONE manufacturer in the micro-
computer field.

0“ mnts

2450 Alamo SE/Albuquerque, NM 87106/505-243-7821



could run a contest of sorts to promote a
name for those active in the small computer
hobby.

Looking through some past BYTEs | find
words such as microists, kluge, hacker,
amateur computer, digital, analytical engine,
cyber(nuts) that may be altered, adapted or
crossed to coin some new word to describe a
computer hobbyist. Then we can say:

Do you suppose this will help people under-
stand what we are up to?

Bryan Patterson

Box 1726

Port Elgin

Ontario CANADA NOH2CO

Well, if we wanted to sound self aggran-
dizing, we could of course suggest “Byters”
as a term. Actually, in spite of the negative
connotations (n computer science circles, |
[CH] tend ro prefer the traditional term
“hacker.” At the start of amateur radio,
“ham”’ as used previously also had somewhat
negative connotations. (I make an etymo-
logical assumption here that the term as used
in radio circles evolved from the tendency to
“ham it up” on the air as in the usage of
“ham actor.”’) | like hacker as a term for the
serious amateur computer nut (who is also
typically professionally involved as well)
because it has implications of digging into
the subject matter and really learning it at
multiple levels of detail. The “compleat
modern hacker” is the renaissance man
(oops . . . person) of computing.

WHO SAYS THEY AREN'T?

With respect to BYTE covers, you blew
it. The phrase “Computers — the world’s
greatest toys” told it like it was and still is.
Truly, the only difference between men and
boys is the price of their toys.

A co-worker commented, “If computers
are the world’s greatest toys, then are
programmers the world’s biggest kids?"” How
can | argue with logic like that?

Julius T Marinaro
725 Cricklewood Dr
State College PA 16801

VIDEO TAPE AND COMPUTERS?

| was very pleased to find out about the
existence of your journal. | have had an
interest in small system uses for several
years. At present | am working with video
tape systems within a school district in Flint
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Michigan. | am interested in finding various
small computing systems to use in video tape
editing and special effects for CRT displays.

Enclosed is my check for a three year
subscription to BYTE. | am looking forward
to my subscription. Also | would like to ask
for your assistance in answering two ques-
tions. | would like to find out if | could
obtain back issues of BYTE since it was first
published, and | would also like to find out
if you can give me any information on the
use of small computing systems with video
tape systems. Any information that you can
give in these areas would be greatly appre-
ciated. Thank you for your time and
trouble.

William D Wolverton
10320 Henderson Rd
Otisville MI 48463

September, October and November 1975
BYTE back issues are sold out at present, as
is May 1976. Remaining back issues are now
being serviced at a price of $1.50 per copy,
plus 25¢ for postage and handling. Send in
your requests, but send no money with your
request. If we have what you're looking for,
we'll bill you for what we ship.

As to the use of computers with video
tape applications, it sounds like an excellent
use, However, we have no articles in house
on the subject . ... yet. Perhaps you'd like
to write about your results,

HELP!

I have some surplus ICs from our local
IBM factory and would like to identify
them. | hope you can help me. | have three

types:

2709400 jUQ Mi
V 721304
7324FQ

2709401
Q Korea Mi
721304
7432FO

2709170
JUK Mi
V 721186

733180

They are all ceramic chip with 14 pins
gold plated in each side and in the top a gold
square with the numbers and a ground line
to pin one like in the MOS devices.

Jose Vincente
Caiza Postal 764
13100 Campinas

S P Brazil






A BIT OF CIRCULATION

Attention: Circulation
Dear Ms Luhrs:

Thank you very kindly for making avail-
able the lifetime subscription to BYTE
magazine which | won at the First World
Altair Convention in New Mexico. Of all the
door prizes given, | firmly believe | won the
best. It was generous of your firm to make it
available. | would appreciate your conveying
my gratitude to Mr and Mrs Peschke and Mr
Helmers.

Since 1 already have a subscription to
your fine magazine, | am presently receiving
two copies. | am passing one afong to
non-subscribers and hopefully it will gen-
erate additional subscriptions.

| commend you on the many fine articles
which have appeared in past issues. Being a
novice in hardware applications, | parti-
cularly look forward to tutorial type hard-
ware articles.

Gene Straub
5723 Shasta Cir
Littleton CO 80123

THE IEEE 488 BUS

Regarding your comments about a stan-
dard interface for microprocessors, etc, on
page 96 of the April issue: | imagine you are
familiar with the IEEE 488 which is being
used by HP, Tektronix, Fluke and many
others to interface microprocessors, calcula-
tors, disks, cassettes, DVMs, counters, etc.
488 is not as complex as the standards
document would lead you to believe. It is
achieving rapid acceptance because it is well
suited to microprocessor manipulation. For
various reasons it may not be ideal for
personal computing, but it seems to be an
excellent starting point. One drawback is
that HP has the handshake patented. Their
license fee is quite reasonable for some
organizations but perhaps not for hobbyists.
Other drawbacks include the question of
common availability of the connector, etc.
However it would be nice if there could be
some degree of commonality between 488
and any hobbyist standard that might
evolve.

Bob Huenemann
4209 Armand Dr
Concord CA 94128

Yes, 488 might be a good place to start.
For those unfamiliar with the issue, the full
name is |EEE Standard Digital Interface for
Programmable Instrumentation, published
by the Institute of Electrical and Electronic
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Engineers, Inc, document number |EEE Std
488-1975. Quoting from the IEEE standards
document, “The Hewlett-Packard Company
has assured the |EEE that it is willing to
grant a license under these patents on
reasonable and nondiscriminatory terms and
conditions to anyone wishing to obtain such
a license,” To obtain g copy of the 80 page
standards document write [EEE Service Cen-
ter, 445 Hoes Ln, Piscataway NJ 08854.

TEXT PROCESSING OUTPUT VIA
CONVERTED TYPEWRITERS?

Jim Lang’s letter in the August BYTE on
hard copy and IBM Selectric typewriters
aroused a responsive chord. | too have been
interested for some time in using the ubiqui-
tous Selectric typewriter to obtain high
quality hard copy. It seems to me that any-
one familiar with both Selectrics and Tele-
types would prefer the former — half again
higher speed, much higher print quality, and
both upper and lower case. The clincher
would seem to be that most XYLs would
look more favorably on the idea of spending
half a kilobuck or so on something that can
also be used as a good typewriter instead of
something that can’t,

As some readers are probably aware,
there is a commercial firm that markets a
(rather expensive) applique that attaches to
a standard Selectric and makes it into a
terminal. (Tycom Systems Corp, 26 Just Rd,
Fairfield NJ 07006.)

In this connection, I'd like to point out
that the US Patent Office is a veritable gold
mine of technical information that can be
obtained for a very modest price. For
example, the patent documentation covering
the Tycom system consists of 26 pages of
diagrams and 50 fine print pages of descrip-
tive text. An appreciable fraction of this
consists of a very detailed description of the
internal workings of the Selectric type-
writer — it seems to collect details from the
myriad of IBM patents on the Selectric into
a single place.

A copy of the printed version of this (or
any) US patent can be obtained by speci-
fying the patent number (#3,453,379 for
the one mentioned above) and remitting
50 cents to ‘‘Commissioner of Patents, Wash-
ington DC 20231.”

Obviously one cannot duplicate a
patented item in making a product for sale.
Nor, in this case, would one want to, since
with new ICs and components, the circuitry
involved is verging on obsolescence. Never-

Continued on page 136
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A Ham’s

Application D

I’m writing this article for a selfish
motive. | want to build some things and the
construction articles aren’t here yet, parti-
cularly in state of the art.

I just finished a television typewriter
(TVT) which has alphanumeric character
generation and storage capacity plus capa-
bility of serial or parallel ASC!I (plus con-
trol) interface. Now that it is finished, |
want more than a plaything. | would like to
have the following capabilities:

a) Keyboard Morse code (CW) transmit
and receive encoding with CRT dis-

play.

b) Keyboard RTTY transmit and CRT
RTTY read.

¢) Alphanumeric slow scan TV transmit
and receive.

d) Computer terminal operation with a
telephone coupled to a timeshared
computer system.

Description

My envisioned system is shown in figure
1. Let’s tackle that drawing block by block,
considering the TVT and CRT to already
exist and applying the constraint of a mini-
mum hardware (low cost) implementation.

FAST TO —-—
SLOW SCAN

P CONVERTER

CW KEYER P{ KEY

—p AND
CONVERTER

MiC

TTL b

CRT
VIDEO
b
SMALL
COMPUTER
TVT PARALLEL N SYSTEM
WITH
KEYBOARD SOFTWARE

DATA

T

¢— RCVR

TTL

SERIAL
y

ACOUSTIC
COUPLER

[ PHONE
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DATA TRANSCEIVER

FSK —

| KEYER AND

CONVERTER

Figure 1: An ideal ham
station configuration,
where “ideal” is defined
by the author in the ac-
companying text.






8 BIT
DATA

MICROPROCESSOR

Morse (CW) Transmit and Receive

Looking back through previously existing
magazines on electronics and amateur radio,
I have found several articles on Morse
keyboards, most using bulky diode matrices.
The literature on Morse code readers is much
harder to find, and as this is written | found
nothing approaching state of the art.

It would seem that, with the rapidly
dropping prices of microprocessors and their
associated rmemories and peripherals, the
way to go on this project would be a
computer using minimum hardware imple-
mented with an LSI microprocessor. | have
presented a very basic approach to such a
system in figure 2. All that would be
required from the hardware standpoint
would be the microprocessor, a read only
memory for permanent program storage, a
programmable random access memory for

Figure 2. For a dedicated
“black box” ham radio
data pracessor, the use of
a microprocessor system

POWER
SUPPLY

216x8

DATA

ROM

ADDR

with as much as 2 K by 8
bits of program ROM with
perhaps 256 bytes of pro-

CLOCKS

CONTROL

grammable memory for

256 X 8

MEMORY

PROGRAMMABLE

data  buffering. [Exact
amounts of ROM will
depend upon the com-

I/0
(PtA)

AND
CONTROL

plexity and features of the
software loaded; 2K
should be reasonable for
Morse and radioteletype

CW OR
RTTY
INTF

TVT

support . ... CH]

Editor’s Note

00,0

working storage, and a peripheral interface
adapter (P1A) for input and output. Some
other items such as power supplies and
clocks are also required. i would hope that
the microprocessor interface unit cost could
be kept under $100.

Now for the required design work. This
black box ! am planning would have to
accept a seven bit ASCI! code (serial or
parallel) plus a data present strobe. The box
would convert the input character to serial
Morse code and output the code over some
suitable keying circit to the station trans-
mitter. Since we are talking about a small
computer, the Morse code speed desired
could be ordered by an appropriate input
code sequence from the keyboard. The box
then has to send a character or flag back to
the TVT to say it is ready for a new
character.

The reverse or receive mode is the Morse
to ASCII conversion. However, here a special
conversion device will be needed to change
the audio out of the receiver to some kind of
signal that the computer can recognize and
convert. The software which drives the
converter must also recognize intercharacter
versus interword spacing and provide space
characters to the TVT where required in the
received text.

The end result would be Morse code sent
by the keyboard through your transmitter
and the Morse code heard by your receiver
being displayed on the TVT CRT. This is a
job for both hardware and software de-
signers. [See the articles elsewhere in this
BYTE for technical details . ... CH]

Radioteletype (RTTY) Transmit
and Receive

The same basic microprocessor described
above could be used to provide the radio-
teletype function instead of or, with more

Here is a short article on a theme of “wouldn’t it be nice to have X’ where
X is defined as some automation applications for the amateur radio station. It
is timely, in the context of this month’s Morse code theme, in that one of the

author’s application godls is detailed in several different technical articles in
this issue. There’s stili plenty of room for further explorations of computer
application to amateur radio technology of course . ... CH
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Listing 1: The MORSER
program, as assembled for
the 6800 at location 0000
hexadecimal  using fack
Hemenway'’s  assembler.
The program is written in
a relocatable fashion, so
no data references are
made to page 0 of the
6800 address space. In
Jack’s assembler, the col-
umn immediately follow-
ing the hexadecimal code
output sometimes has the
letter “R’ in it. This indi-
cates a reference to a re-
locatable symbol.

input at intervals, The delay timer section
controls the period of the sampling. This
tiny section of code (only six instructions)
actually consumes more than 75% of the
running time of MORSER. In fact, the time
spent in all other parts of MORSER s
considered negligible in the design. A rough
“rule of thumb” states that one word per
minute of Morse code is equivalent to one
dot length per sccond. All other code cle-
ments have lengths nominally equal to
integer multiples of the dot length.
MORSER is designed to sample each dot
length time unit four times. Since the range
of code speeds is 3 to 60 words per minute,
this implies that the sampling period should
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range from 100 to 4 ms. The delay timer is
adjusted by DTIME to count time in milli-
second intervals. The variable TIMER de-
termines how many milliseconds will be
spent in the delay loops. This time is roughly
the sampling period, since the longest path
through the rest of the program is at most
0.3 ms. TIMER is adjusted in the decoding
scction to suit the speed of the code being
processed. The formula 250/TIMER gives
the approximate input code speed in words
per minute, after the program has been
running for several characters and has ad-
justed itself to the code.

The sampling section repeatedly tests the
status of the audio input signal against its
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BRA EFSFT C(1VE Uk ON CHARACTFR
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INDFEX1

INDFA2

INDFA3

LCe
CME
ELT
LDA
AND
LCe
AND
ASL
ARA
AN
LNX
S1A
LNA
LD
CME
EGE
ADD
AND
INC
LDX
STA
514
CLFk
CLk
LDA
CMF
BL1
LDA
CME
EBGF
ADD
AND
INC
LDA
Lnx
£TA
S1A
Jmp

IPLEN IS SFLFN -(F. LTHRSF?
LTRSF

FFSET

STLDAS DFCONRFE LFTTFR FROM FF(S.
#SAF KFSTRICT 10 & EITS
STLDOT

¥ E3F

LANA KFSTRICT T0 7 EiTS
#DFCTARE

INDFX 1+

[Zx RFIRIEVF ASCII COCF
WDSACV FUFFFR FLIL?

*#32

RESE1 IF S0s FINTes.

QUTIXCY C(FNFRATE BUFFFR FUINTER
EFIF KFSTRICT RANCE

WDSXCV

SBUFF

INDFX2+)

(233 FUT CHAFR. IN10 EUFFFR
SILDOT CLFAKR KECISTERS

STLDAS

SHLEN IS SPLFN «(F. WDSF?
WDSF

RESE1T NOT A WORD SFACF

WDSXCVv INSFKT ELANK FOR WORD SFACF
32 IS EUFFFR FLLL?

KFESFT IF 505 PUNTesss

QUTXCV GFNFRATF FUFFFFR POINTFR
LARYS KRESTRICT KANCF

WDSXCV

#520 ASCIL ELANK CHAKRACTFF
¥EUFFI

INDFX3+ 1

Bs X FUT FLANK INJO EVFFFR
RFSET

B N L L

BFGIN DELAY TIMFK

*
*  FND OF MAIN PROGFAM
N
»
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-

MSFCS. OF DFLAY
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DLOUF! LDA E
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DLOOF2

DEC
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L FND OF
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*
*

OFLAY TIMFER
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*

NIFFFk
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NMARK

NFWSP

SKIFa

*
TRANS

S1

*
QUTCHK
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INDEX 4
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ENF  DIFFER

INGC  TCNTR
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JMP TRANS

Lpa F 11 SF1 “DATA~RFADY" FLAC
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STA E MLFN
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STA B SPLFN

181 OLDSTA

BNE  NEWSF
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JMP SKIka&

LDA F #SFF

STA B LDATA

S1# A OLDSTA RESFT OLDSTA
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LDA F TIMFR
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ASL 4
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BGE  OUTCHK TERMINAL RFADY

ING  COUNT
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AND B #F1F  RFSTRICT RANCF

STA B DUIXCV

JMF  START EACK 10 THF PFCINNING

END
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previously sampled value. If no change is
found, the time counter is incremented to
indicate the increased length of the signal. If
a change is found, then a series of processes
are done. The data ready flag is set to tell
the decoder that a pulse is complete, the
time counter is stored into the mark length
or space length variable, the data type (mark
or space) is recorded, and the time counter is
reset to one. A few notes are in order about
sampling. First, the sampler assumes that an
input level zero (ground) indicates the pres-
ence of an audio tone (mark), and that a one
level input (high voltage) indicates no tone
(space). This setup coincides with the audio
processing hardware described later; but if
one wishes to have a one input signify mark
instead, only two simple program changes
are necessary. Changing the BNE (branch on
not equal to zero) instructions on lines 236
and 241 to BEQ (branch on equal to zero)
instructions will accomplish the inversion.
This illustrates the ease of modifying the
system when it is based on a program instead
of hardware. One other note: One must
protect against overflows of the time coun-
ter. This occurs when long marks or long
spaces cause the counter value to exceed the
maximum value representable as a positive
byte. MORSER checks for such occurrences,

and resets the time counter to a large
positive value whenever an overflow s
detected.

We come now to the decoding section.
The section is a software version of algo-
rithms abstracted from several hardware
designs. It can be described by a set of five
decoding rules. The length (time counter
value) of the last mark received is used to
determine the type of the present mark. The
length of the last dash received is used to
determine the type of space being received.

RULE 1. [If the new mark length is at
least twice the length of the
fast mark received, then the
new mark is a dash.

If the new mark length is less
than one half of the length of
the last mark received, then
the new mark is a dot.

If the new mark length is
more than one half but less
than twice the length of the
last mark received, then the
new mark is the same type as
the old mark was.

If the new space length is
more than 3/4 of the last
dash length received, then the
new space is a letter space,
If the new space length is

RULE 2.

RULE 3.

RULE 4.

RULE 5.



longer than twice the last
dash length received, then the
new space is a word space,

Any other space is an element space. These
rules determine the processing path of each
data item returned by the sampling scction.
The dots and dashes are stored in memory
{STLDOT and STLDAS) until a letter space
is detected. Then the memory contents arc
converted to an offset in DECTAB, follow-
ing the process previously described. The
character code found in DECTAB is then
transferred to the output buffer. The buffer
is arranged as a 32 character first in, first out
store which allows the decoding to get ahead
of the output device for short periods. The
detection of a word space causes the latest
letter to be decoded and an extra blank
character is inserted into the output buffer
to provide a space between output words.
The decoding section also adjusts the
TIMER value each time a dot is detected.
Dots are nominally four samples long. If a
dot is declared shorter than three samples,
the sampling period is reduced. If a dot is
declared longer than five samples, the
sampling period is increascd. This mech-
anism helps MORSER to (ollow changes
in code speed during a message or even
within characters. The flexibility of the
decoding rules will allow code far from the
proper timing to be dccoded correctly
during the adjustment process. Most de-
coding errors will result either in no charac-

ter at all being output, or a blank being
+12v +5v
i 3300 T
SI0K
S SuF 4
300K L 3 5K
'AVA' ,’I
RI NES67
AUDIO HEP53
0.1 uF 10K 2K TO PIA
INPUT O-lp A2 8 4 < INPUT
T PIN
°__)|_‘ TUNE !
S 6 7
+
FROM 1~ 100 uF
RECEIVER Jf : T
K ZXK.25uF 1uF
1 T xe

P

Figure 1: A suggested audio input processing circuit designed to be used with
an amateur radio receiver. The tuning adjustment sets the frequency of the
signal which is to be interpreted as a dot or dash by the program. The receiver
tuning and BFO should be adjusted so that the desired station will have its
dots and dashes at the frequency set by R1.
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substituted for the garbled character.
MORSER can handle code with wild speed
variations and weightings from 10% to 90%,
but it can be fooled by sufficiently erratic
code. So too, however, can most human
operators.

MORSER uses a programming “trick’ in
conjunction with indexed addressing to
facilitate the decoding and output process.
This occurs on lines 174, 183, 198, and 267.
The problem is to retrieve or store data at a
particular location within a table or buffer.
The starting address of the area is known,
and the desired offsct is calculated each
time. MORSER uses the technique of
modifying itself during execution. Since the
program is stored in programmable memory,
it can be changed just as the variables can be
changed. In Motorola systems, the second
byte of an instruction using indexed address-
ing stores an offset to be added to the index
register contents to generate the final effec-
tive address for the instruction. MORSER
loads the index register with the beginning
of the desired table and then writes the
calculated offset into the second byte of the
indexed instruction. The processor adds the
two, making the desired address. This works
well, as long as the program is stored in
programmable memory, and one is careful
where one writes. If this type of trickery is
to be avoided (for example, if the program is
to be put into read only memory), the
process of adding the offset to the base
address must be donc explicitly. The follow-
ing code will perform the function, where X
contains the starting address of the table,
and accumulator A contains the offset:

INDSAV RMB 2 Programmabie memory area for
computatian
INDEX STX INDSAV Starting address
PSH 8 Save contents of B accumulator
CLR B
ADD A INDSAV+1 Add low order part of address with
olfsetin A
ADC B INDSAV Add high order part of address with
carry
STA A INDSAV +1
STA 8 INDSAV
LDX INDSAV Put effective address into index reqister
PUL 8 Restore contents of B accumulator

The output terminal driver makes use of
the delay timer to prevent the program from
exceeding the speed capabilitics of the out-
put device. A count is kept of the number of
delay periods since the last character was
sent to the terminal. The value of MAXCNT
is sel such that MAXCNT delay periods at a
60 words per minute Morse code speed are
roughly equal to the recovery period of the
terminal in use. If the code specd is less than
30 words per minute, then one half of
MAXCNT is used to let the terminal run
nearcr its full speed. This counting ensures



that the terminal will not receive characters
faster than it is capable of handling them.
The output buffer helps absorb speed varia-
tions. In cases of extreme speed variations
with a very slow output terminal, a few
characters may be lost. This would require
input speeds of over 80 words per minute to
be maintained for many characters if one
used a 110 baud terminal. It is not likely
that the audio processing hardware could
switch at this rate, so the characters would
be unreliable anyway. All slower speeds
could be handled without trouble. The
system subroutine used to drive the terminal
is called in this section on line 270. It should
not use interrupts or any timing loops, since
these will upset the timing in MORSER.
Since MORSER already does output timing,
they are not needed anyway.

That is all there is to the MORSER
program. The most critical part of the whole
system is the audio input hardware. This
circuit needs rapid response (since switching
time for 60 words per minute code is about
13 ms), audio selectivity, immunity to noise,
and immunity to varying signal levels. No
optimum circuit is known by the authors.
The circuit shown is a suggestion which
shows promise. |t uses a 567 phase locked
loop tone decoder, tuned to a center fre-
quency of about 1 kHz. The bandwidth is
set at approximately 10% of the center
frequency, or about 100 Hz. This circuit
should switch fast enough for most code
speeds, and the phase lock design gives noise
immunity, for the circuit will require 10 or
more cycles at the correct frequency before
it will switch. An input level of about 200
mV seems to give the best immunity from
interfering signals and noise. The output
rests at +5 V, dropping to near ground when
a proper frequency tone is detected. This
voltage level is read by the sampler program
through the peripheral interface. This signal
must be very clean, since variations will
probably be decoded as extra dots and
dashes. Lots of ‘E’s and ‘T’s will indicate a
problem in the audio processing.

MORSER works surprisingly well, and it
will be able to decode almost anything that
its operator can feed it. It does not know
English or radio terminology, so it cannot
guess what the characters should be. [t
simply decodes what it ‘‘hears,” and may
not correct some errors that a human would
recognize. It does decode the input faith-
fully, and that can be quite a help. Of course
if you use MORSER to listen to a station
using automatic code generation technology
{on a clear channel) you should get perfect
copy once the speed adaptation is
complete. ®
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Efficient Storage of Morse

Character
Codes

Note: The representation
of Morse characters de-
scribed in this article is
also used by Bruce Filgate
in his extensive Morse
code applications program
described on page 52 of
this issue. The information
in this table (with some
minor changes) is found at
addresses  20/225 to
20/366 of listing 1 in
Bruce’s article.

Since many of BYTE’s readers are radio
amateurs, a number of whom have expressed
an interest in combining computing with
their radio hobby, BYTE seems an appro-
priate place for this short note on a tech-
nique for storing Morse character codes in a
minimal amount of memory space. It may
not be immediately obvious that all of the
possible Morse characters, up to six elements
per character, can be stored using a maxi-
mum of only seven active bits per character
stored.

A typical program using such a stored
representation would be a programmed auto-
matic keyer. As the user typed at a key-
board, the computer would receive the
characters typed in some code (typically
ASCII code). The computer would then use
this code to index into a table of Morse
character codes, retrieving a coded repre-
sentation of the Morse character to be
transmitted. With a suitable interface, the
computer could then directly key the radio
transmitter. A good program of this type
would buffer the user’s typing, allowing the

Lawrence Krakauer
15 Orchard Ln
Wayland MA 01778

operator to be some large number of char-
acters ahead of the code actually being
transmitted.

Another similar program would be a
Morse code teaching machine, which could
use a programmed pseudorandom number
generator to create arbitrary ‘“‘code groups.”
Such artificial text is customarily used for
Morse code training, so that the student does
not recognize words and thus anticipate the
next letter to come. The computer in this
case would key a practice oscillator, and the
student would attempt to accurately receive
what it sends. If the student types what he
receives directly on the computer keyboard,
the computer could notify him immediately
of any errors. In addition, the computer
could adjust its transmission speed for a
fixed error rate, always sending at the upper
limit of the student’s reception speed, which
would hopefully produce rapid learning.

A Morse character is a string of from one
to six Morse elements, where each element is
a dot or a dash. Since there are only two
types of elements, Morse characters seem to

Table 1: Morse Code Patterns and ASCII Equivalents for Selected Graphics.

Graphic ASCII Code Morse Pattern

Char Hex Octal Hex Octal Binary
A 41 101 60 140 01100000
B 42 102 88 210 10001000
Cc 43 103 A8 250 10101000
D 44 104 90 220 10010000
E 45 105 40 100 01000000
F 46 106 28 050 00101000
G a7 107 DO 320 11010000
H 48 110 08 010 00001000
| 49 111 20 040 00100000
J 4A 112 78 170 01111000
K 4B 113 BO 260 10110000
L 4C 114 48 110 01001000
M 4D 115 EOQ 340 11100000
N 4E 116 A0 240 10100000
(o] 4F 117 FO 360 11110000
P 50 120 68 150 01101000
Q 51 121 D8 330 11011000
R 52 122 50 120 01010000
S 53 123 10 020 00010000
T 54 124 Cco 300 11000000
U 55 125 30 060 00110000
\% 56 126 18 030 00011000

Graphic ASCII Code Morse Pattern

Char Hex Octal Hex Octal Binary
w 57 127 70 160 01110000
X 58 130 28 230 10011000
Y 59 131 B8 270 10111000
z BA 132 c8 310 11001000
0 30 060 FC 374 11111100
1 31 061 7C 174 01111100
2 32 062 3C 074 00111100
3 33 063 1C 034 00011100
4 34 064 oC 014 00001100
5 35 065 04 004 00000100
6 36 066 84 204 10000100
7 37 067 Cc4 304 11000100
8 38 070 E4 344 11100100
9 39 071 Fa4 364 11110100

2E 056 56 126 01010110
, 2C 054 CE 316 11001110
? 3F 077 32 062 00110010
= 3D 075 8C 214 10001100

3A 072 E2 342 11100010
; 3B 073 AA  2b2 10101010
/ 2F 057 94 224 10010100
— 2D 055 86 206 10000110

This table assumes that for machine generated Morse, data is shifted out through the
most significant bit with 0 shifted into the low order. This process continues until the
binary pattern 10000000 remains in the working memory location. For input, data is
shifted in through the LSB. At end of character, a 1 is appended, and the code is left

justified.
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EXAMPLE

Sendingan L .. ..

Worse Encoded in binary: 01001000

iteration Data After ASHL Morse
A CcY Our
N/ N /
0 10010000 0 dot
1 00100000 1 dash
2 01000000 0 dot
3 10000000 0 dot
4 00000000 1 end char.

Figure 1: Flow chart of the SENDCHR
routine and the SENDEL routine, used to
generate Morse code outputs. The key
element of the method is use of an arith-
metic left shift operation to interpret the
code which is presented to the routine. The
codes are determined by a table lookup prior
to calling SENDCHR, using an internal table
equivalent to table 1, An example of the

operation of the routine on a letter L is
iMustrated.

be a natural for a binary representation,
simply letting O represent a dot, and 1
represent a dash. The catch is that all of the
characters are not the same length, so that
the number of elements in the character
must also be included in its representation.
However, the simple approach of directly
including a number giving the length requires
too many bits. Since there are up to six
elements in a Morse character, we would
need six bits for the character elements, plus
three bits to represent the length, for a total
of nine bits. Since most small computer
systems are presently oriented arcund eight
bit bytes, it would be convenient if all the
Morse characters could be represented by
eight, or fewer, bits each.

Let’s try counting. There are two Morse
characters of length 1 element ( = and —),
four characters of length 2 (++ -— —« and
— —), and so on. So extending this sequence,
the total number of possible characters of
length six or less is:

N=2+4+8+16+32+64=126

Since N is less than 27 = 128, we ought to
be able to represent all the Morse characters
in seven bits. Perhaps it should be mentioned
here that this includes all combinations of
up to six elements, including those which do
not actually represent legal Morse characters.
Since we want a representation which will
make it easy to transmit the character, we
need a simple form that encodes all arbitrary
combinations.

And, indeed, such a simple form exists.

‘ SENDCHR }
~———

\

["ENTER WITH MORSE BIT _i

______{' PATTERN IN TEMPORARY l
L

L

A:=ASHL (A,l);

l v
{ BIT
L BUCKET

II_ARITHMETIC LEFT SHIFT _]

CALL SENDEL

RETURN

SENDEL
i ———
| TEST CARRY
LAG

F
! ARGUMENT

GENERATE
DASH
OUTPUT

GENERATE
poT
OUTPUT

( RETURN ’

‘F' l

Listing 1: The SENDCHR routine defined as symbolic assembly language for
the 6800 and 8080 architecture; (a) shows the 6800 code, and (b) shows the
8080 ccde. These routines asstume that a subroutine called SENDEL (see
figure 1) is available which sends either a dot or a dash based on the state of
the carry (CY) flag. Since temporary data is maintained in A, SENDEL must

not alter the contents of A.

(a) 6800 Code:

Label Op
SCHRLOOP JSR
SENDCHR ASLA

BNE
RTS

(b) 8080 Code:

Label Op
SENDCHR ADD
RZ
CALL
JMP
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Operand
SENDEL

SCHRLOOP

Operand
A

SENDEL
SENDCHR

Commentary

Send dot or dash;

Entry point and shift left;
If more data then reiterate;
Else return;

Commentary

Shift left by adding A to A;
If no data then return;
Send dot or dash;

Reiterate



[~ == A
| ENTER TO FORMAT |
_____ —{ ONE CHARACTER I
| |
S |
7= 1
| SETS UP END OF |
A: = ‘00000001, b ———— | CHARACTER MARKER |
| INLOW ORDER BIT i
L__ —_ j
\
{_ ___________
. REFERENCES "GET NEXT
CY:= d
aor Q(r';::;:’ﬁ | __] ELEMENT" SUBROUTINE {
; | WHICH MAY HAVE ADAPTIVE
RECOGNITION FEATURES |
e J
l r—————————— =
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Figure 2: Flow chart of the RCVCHR routine which is used to format
incoming dots (binary 0) and dashes (binary 1) into an 8 bit code.
Reference is made to a routine loosely described as "get next element” which
is used to receive a Morse code element. This “get next element” input
routine will have adaptive speed interpretation features required if the
program is to be used with hand sent Morse code. After the end of character
indication is returned by the input routine, the RCVCHR routine must left
justify the code so that it is in the same form as found in the code genera-
tion table (see table 1). Control returns with the input code contained in
register A.

The Morse character is represented from left
to right, one bit per element, using O for dot
and 1 for dash. At the end of the character,
after the last element, a 1 is placed as a stop
bit. The remaining bits, if any, are filled out
with zeros. Some examples are:
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Character Morse Code Binary Representation
. 0100000
- 1100000
. 0110000
R 0100100
—————— 1100111
= — e — 1000110
Table 1 is a complete list of alphabetic
characters, numerals and selected special
characters shown as hexadecimal and octal
ASCII along with the equivalent hexa-
decimal, octal and binary code for the Morse
pattern. Given the representation, transmis-
sion of the character is easy. Working from
left to right, simply transmit each bit as a
Morse element, until all that remains is a
single 1 followed by all zeros, at which point
the character has been completed. This
operation is easily done using the ‘“rotate”
or “shift’” instructions of the typical micro-
computer. A flow chart for this procedure is
given in figure 1. It is so simple that it
reduces to only a four line subroutine in a
typical microprocessor. Listing la gives a
suggested program for the Motorola 6800
and listing 1b gives a program for the Intel
8080 (or 8008). These programs use an eight
bit representation, which can express a code
of up te seven elements, although no seven
element characters are actually used in the

Morse code.
Note that there are two binary represen-

tations which represent the null character;
that is, they result in the subroutine re-
turning without transmitting anything at all.
These are the codes 00000000 and
10000000. If desired, they could be spe-
cially decoded. For example, one of them
could be used to represent the special Morse
character ........ , which is used as a
delete character. It would have to be trans-
mitted as a special case, since it contains
eight elements. If the all zero code were to
be used for this purpose, it could be tested
for by a branch-on-zero instruction at the
subroutine entry point.

The representation proposed here is also
easy to build up while receiving Morse code.
A receive subroutine flow chart is given in
figure 2.

The possibilities inherent in the combina-
tion of small computers and amateur radio
are enormous. The challenging task of
machine reception of hand sent code is now
receiving much more attention due to the
low cost of microprocessors. The pos-
sibilities of computer station control, ama-
teur radio data communications networks,
and microprocessor control of repeaters have
barely begun to be explored. The large
number of radio amateurs who are now
beginning to experiment with small com-
puters should produce some rather in-
teresting results in the near future.m

| ~ m>»-m
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If Only Sam Morse Could See Us Now

Wayne Sewell WBSNYC
9277 LBJ #2563
Dallas TX 75243

When dealing with personal computers, it
is necessary for a person to be familiar with
his machine from both the hardware and
software point of view. It has been my
observation that hardware people often tend
to stay in hardware and software people in
software, each faction learning just enough
about the other side to get along. | am guilty
of this myself — | never do in hardware what
could feasibly be done in software. Hope-
fully, this situation will change as my knowl-
edge of microcomputing increases, but for
the time being | am assuming that the
computer runs because of the little elves
pushing electrons around in the processor
and putting most of my effort into
programming.

This article is for people with a similar
bent. There are several electronic Morse code
keyers on the market, but rather than spend
precious cash, why not use that little digital
demon of a small computer that you paid all
of that money for. You've probably been

7 6 5 3 2 ! °
c c ¢ D D D D
COUNT FIELD DATA (1=DASH, 0=DOT) s’
7 6 3 2 ! °
, D D D )

L ||

COUNT FIELD

DATA (1= DASH, 0=DOT)

Figure 1: Data Formats. The number of ways to represent data within a
computer can sometimes be equated to the number of programmers there are
in the world. Here is another way to represent Morse codes internally, which
differs from several other articles in this issue. The format is supported by
table 3 which lists the equivalent hexadecimal codes for each Morse code

graphic.
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trying to find a valid use for it anyway.
Think of the glory as you transmit a message
in Morse code several hundred characters
long at a speed of 1000 wpm. (While there is
a legal speed limit for radio Teletype, to my
knowledge Morse Code bandwidth is not
explicitly mentioned in FCC regulations.)
Then comes a real challenge: Find someone
whose computer can receive at that speed.
Finally, the ultimate goal: Read the response
sent back to you at the same speed. [See
articles by Robert Grappel and [ack Hemen-
way, by Bruce Filgate, and by Lawrence
Krakauer in this issue. )

This article describes a software Morse
code generator. The program listed is for a
6800 system (specifically the one sold by
Southwest Technical Products); but a com-
plete description of the generator is included
to facilitate conversion to other systems.

Data Format

The data format used in my Morse code
generator makes it possible to pack any of
the “dot” and ‘“‘dash’ combinations asso-
ciated with a Morse code character into a
single byte. The rightmost 5 or 6 bits
(throughout this article, “rightmost” and
“least significant” are synonymous) contain
the pattern of dots and dashes, and the
upper 2 or 3 bits contain a count which
informs the program how many of the data
bits are actually associated with the charac-
ter. The remaining bits are set to zero
arbitrarily. Out of all of the characters in
international Morse code, there are only two
which will not work in this system: space
and the error code. It is not surprising that
the space is a maverick in any data repre-
sentation, since it is not really data at all,
but a lack of data. It is simply a lengthening
of the normal interval between characters to
form an interval between words, and must
be handled as a special case. Similarly, the
error code is not really a character either.



When an error is made during a Morse
transmission, due to a spasmodic twitch of
the operator’s hand or similar cause, the
errant operator sends a string of 8 dots,
meaning: “Oh I’m sorry | made an error
please disregard the last character | sent
please will you huh.” Both the space and the
error code, since they don’t fall in the
normal scheme of things, are treated as
special cases: Immediately upon detection,
the program intercepts them, modifies them
to a compatible format, and inserts them
back into the main logic flow.

For all characters five elements long or
less, the format is absurdly simple, as shown
in figure Ta. The high order 3 bits contain a
binary number from 1 to 5 corresponding to
the number of dots and/or dashes in the
character, The rightmost 5 bits contain the
data elements themselves, where 0 is a dot
and 1 is a dash. They are stored from right
to left so that when the byte is shifted to the
right, they are transmitted serially in the
proper sequence. As an example, the Morse
code character Q is transmitted as*‘— — - —"".
The element count is four, so a binary 100
string is stored in the leftmost 3 bits of the
byte. Using the coding scheme above, the
equivalent Morse bit pattern for Q (the
binary string 1011) is stored in the rightmost
4 bits. In this case, bit 4 is not needed so it is
a ‘“don’t-care” bit which is set to zero
arbitrarily. Therefore, the code for Q stored
in the table is the binary string 10001011 or
hexadecimal 8B.

If all Morse code characters contained
five elements or less, the coding system
would be much simpler. However, many of
the special characters, uncooperative cusses
that they are, contain six elements. At first
glance, this doesn’t seem to be an obstacle,
since the 3 bit count field can contain a

i

binary number up to 7, inclusive. However,
there are only 5 bits left over within the
byte, which means that although the count
can keep track of more than five elements,
there is no place to store them. The one fact
that keeps the entire system from coliapsing
into a pile of random logic is that there are
no characters with seven elements. There arc
several special codes with six elements, but |
have been unable to come up with one
containing seven. Since the difference be-
tween a count of six, the binary string 110,
and a count of seven (111) is one bit; and
since there will never be a count of seven,
then bit 5 becomes a “‘don’t-care” and can
be used as a data bit if bits 6 and 7 are both
1. We simply consider any count greater
than five (leftmost 2 bits on) to be equal to
six, shift our wild card bit right with the
others, and the problem is solved, as seen in
figure 1b. When the count is extracted in
this case, bit 5 is forced to a zero, making
the count equal to six.

When Morse transmission actually starts,
the data bits are shifted right one at a time.
If the rightmost bit is a zero, the weight
factor for a dot is loaded; if the rightmost
bit is equal to 1, the dash weight factor is
loaded, normally exactly three times that of
a dot. The key is turned on, and the timing
subroutine, controlled by the value stored in
ELESPEED, generates the proper delay for
that element. The key is then turned off and
the timing subroutine is reentered, this time
to generate the space between elements,
normally equal to a single dot time. This
loop is repeated for every element in the
character, shifting right each time. The space
between elements is added to the last
element in the character, also.

If a string of characters is being trans-
mitted, rather than a single character, the

—A—+—8—+——C———+B—+A—+B—+——D—A—A—+B——A—4—B— D
—F—

Time
Interval

' F i — F —

+ G 1

Explanation

A : Dot, key on; basic timing element; duration is number of milliseconds contained in ELESPEED.
B : Space between elements, key off; duration is one dot; also controlled by ELESPEED; generated

automatically after every dot or dash.

C : Dash, key on; duration is three times dot in normal weighting.

D Character space synchronizer, key off; generated automatically after every character; added to B to
form total space (F)} between characters; duration is twice the dot interval for normal spacing but can
be increased for greater character separation; controlled by CHRSPEED.

E : Space character (ASCIl hexadecimal 20), key off; duration is one dot; added to character space (F)
before and after to form total space {G) between words.

F : Space between characters, key off;duration is B + D; if ELESPEED and CHRSPEED are synchronized
this is equal to three dots; if not, duration is longer.

G : Space between words, key off; duration = twice F plus one dot; if ELESPEED and CHRSPEED are
synchronized, this is equal to seven dots; if not, duration is longer.
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Figure 2: Time Relation-
ships. The Morse charac-
ters Rl sent in succession,
followed by a space. The
intervals  identified by
capital  letters are ex-
plained in the notes below.



Listing 1: CWBUFFER
Subroutine. This listing
gives the complete absolute
hexadecimal  assembled
code qnd symbolic repre-
sentation for the
CWBUFFER routine. Data
in this listing was prepared
using the author’s SPUCA
assembler program.

CODE

07
FF
04

FD

EF

42
E9

F7

(2%
00

20
ED

45
46

45

47

04

177

SOURCE

CHRSPEED
ELESPEED
*

INITMASK
HOLDBYTE
MASK
COUNT
CWPTR

CWBUFFER

CONTINUE

TRANSMIT

NOTSPACE

NOTERR

COUNTOK

BITLOOP

SEND

SPACENT

MILDELAY

LOOP2

ELDELAY

CHARTOCW

GETENTRY

NOTFNDAS

INVALAS

STATEMENT
RMB 2

RMB 2

RMB 1

RME 1

RMB 1

RMB 1

RMB 2

ORG  H'100
EQU  *

LDAA 1,0

CMPA  #3

BNE  CONTINUE
RTS

EQU  *

INX

STX  CWPTR
BSR  TRANSMIT
LDX  CHRSPEED
BSR  MILDELAY
LDX  CWPTR
BRA  CWBUFFER
EQU %

BSR  CLHARTOCW
TST A

BNE  NOTSPACE
LDAB  §1

STAB COUNT
BRA  SPACENT
EQU %

TAB

RPT 4

ROL B

ROL B

ROL B

ROL B

ANDB  #7

CMPA  #H'FF
BNE  NOTERR
CLR A

INC B

BRA  COUNTOK
EQU ¥

CMPB  #6

BLT  COUNTOK
ANDB  #6

EQU  *

STAB COUNT
QU *

LDAL INITMASK
STAD MASK
LDAB #1

ROR A

BCC  SEND
LDAB  #3

EQU *

COM  HULDBYTE
EQU  *

BSR  ELDELAY
CLR  MASK

CLR  HOLDBYTE
LDAB  #1

BSR  ELDELAY
DEC  COUNT
BNE  BITLOOP
RTS

EQU O+

LDAB  MASK
EORB HOLDBYTE
STAB HOLDBYTE
STAB L,H'B8004
LDAB  #Ml'8F
EQU  *

DEC B

ENE  LOOP2
DEX

BNE  MILDELAY
RTS

EQU ¥

LDX  ELESPEED
PSHB

BSR  MILDELAY
PULB

DEC B

BNE  ELDELAY
RTS

EQU  *

ANDA #H'7F
SUBA  #32

BLT  INVALAS
CMPA  $LASTASCW
BGE  NOTFNDAS
EQU  *

CLR B

PSHB

PSHB

TSX

STAA I,1

LDX I,0

LDAA I,0

INS

INS

RTS

EQU ¥

SUBA #32

CMPA  #H'20
BGT  GETENTRY
EQU ¥

CLR A

RTS

4 OF MILISECONDS BLTWEEN CHARACTERS
LENGTH OF ELEMENT (DIT} DURATION

IN MILISECONDS
OSCILLATOR CONTROL BYTE

POINTS TO 1ST BYTE IN STRING

GET CHAR

Is THIS THE STOP BYTE?
BR IF NO

RETURN

INCRE PTR

STORE POINTER

CONVERT THE CHAR TO CW AND TRANSMIT
LOAD DELAY CONSTANT FUR CHAR SPACING
DELAY PROPER # OF MILISECONDS

GET ADDR OF CHAR STRING

GET NEXT CHAR

CONVERT CHAR TO CW TRANSMIT CUDE

A=07?

BR IF NO (VALID NUN-BLANK Cw CLAR)

SET NUMBER OF ELEMENTS AT 1, AND
MAKE THE WEIGHT SAME AS A DIT

BYPASS KEY-OM INSTRUCTION

SAVE A IN B

ROTATE BIT COUNT
ROTATE BIT COUNT

ROTATE BIT COUNT

ROTATE BIT COUNT

SET COUNT AT <OR = 7

1S THIS SPECIAL ERROR CODE ?
BR IF NOT

SET DATA TO ALL DITS

INCRE COUNT FROM 7 TO 8
STORE COUNT

BIT COUNT = 6 ?
BR IF NO
SET COUNT AT 6

STORE EIT COUNT

INITIALIZE THE

OSCILLATOR MASK
LOAD WEIGHT FACTOR FOR DIT
ROTATE DATA Bl1 INTO CARRY
BR IF CARRY CLEAR (DIT)
LOAD WEIGHT FACTOR FOR DAH

TURN ON KEY

GENERATE DELAY FOR ELEMENT LENGTH

CLEAR OSCILLATOR MASK

TURN OFF KEY

LOAD WEIGHT FACTOR FOR BREAK
BETWEEN ELEMENTS

GENERATE DELAY FOR ELEMENT LENGTH

LAST ELEMENT IN CHAR ?

BR IF NO

RETURN

HOLD THE KEY OUTPUT CONSTANT
AND FLIP-FLOP THE
OSCILLATOR OUTPUT IF
KEY IS ON
LOAD MILISECOND LOOP CONSTANT

COUNT DOWN

BR IF NOT FINISHED
DECRE MILISECOND COUNT
BR IF NOT FINISHED
RETURN

LOAD DELAY CONST FOR ELEMENT SPACING
SAVE # OF INTERVALS

DELAY PROPER # OF MILISECONDS
RESTORE ¢ OF INTERVALS

DECRE 4 OF INTERVALS

BR IF NOT FINISHED

STRIP PARITY BIT

SUBTRACT OFFSET

IF INVALID CHAR OR = 0 BRANCH OUT
CHARACTER IN TABLE ?

BR IF NO

ALLOCATE AND ZERO OUT

A TEMPORARY 2-BYTE AREA ON

TOP OF THE STACK

POINT INDEX REGISTER TO IT
STORE TABLE OFFSET INTO SECOND BYTE
LOAD CONSTRUCTED POINTER INTC INDEX
LOAD CW CODE
DELETE TEMPORARY HOLD AREA

& REALIGN STACK
RETURN

POINT TO LOWER CASE CHARS
BETWEEN UPPER & LOWER CASE ?
BR IF NC (USE LOWER CASE AS UPPER)

SET A TO CW NULL
RETURN
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Figure 3: OQutput Signals
from the Morse code
generation program. This
program  will  produce
either or both of a tone
burst “oscillating”’ output
which can be used to drive LOGIC |
a speaker for code prac-
tice, or a steady logic level
output (during each dot or
dash) used to control the
keyer of a typical radio
frequency transmitter.

LOGIC O

LOGIC O

space between them is generated according
to the value stored at location CHRSPEED.
If element and character speeds are syn-
chronized, the delay caused by CHRSPEED
is exactly twice the space between elements,
which has already been generated after the
last element. Combining the two causes the
total space between characiers to be exactly
the length of a dash, the established spacing
between Morse code characters (see figure
2).
If a space (in ASCII, hexadecimal 20) is
detected, it is treated as a phantom character
consisting of one dot length with the key
off. When added to the 3 dot interval
following the previous character, and the
equal interval following itself, a total interval
of 7 dot times is generated, the standard
spacing between words. (ASCIl codes with
no Morse code equivalents are also treated as
spaces. )

Speed Control

There are two separate controls for Morse
code spacing: element speed and character
speed. The element speed is the time dura-
tion of the smallest element of the Morse
pattern. The time duration of dashes, dots,
and the breaks in between are based upon it.
If normal weighting is used, a dot is equal to
one of these intervals, a dash is equal to
three of them, and the space between dots
and dashes within a character is equal to a
single dot interval. The 2 byte field labelled
ELESPEED contains a 16 bit binary number
specifying the element delay as an integer
number of milliseconds. With normal
weighting, the duration of a dot will be
exactly the number of milliseconds con-
tained in ELESPEED, and the duration of a
dash will be exactly three times that.

If you wish the element and character
speeds synchronized (20 wpm characters
sent at 20 wpm intervals, etc), the binary
value stored in CHRSPEED should be exact-
ly double the binary value stored in ELE-

1 0

1S
(TONE BURST)

SPEED. In this configuration the program
will generate perfectly synchronized Morse
code according to the established standard
(dash duration three times that of dot,
duration of space between elements equal to
one dot, duration of space between charac-
ters equal to that of one dash, and duration
of space between words seven times that of
one dot). When you change speeds, change
the values of ELESPEED and CHRSPEED
(once again, the value of the latter should be
twice the value of the former.)

If you wish to lengthen the interval
between characters without changing their
internal speed, simply increase the value of
CHRSPEED. For instance, if you wish to
practicc copying code, you can set the
ELESPEED field at the value for 20 wpm
and the CHRSPEED field to the 5 wpm
value. This will cause 20 wpm characters to
be sent at 5 wpm intervals. You can tweak
either speed to any 16 bit value you want
{except zero), but the value of CHRSPEED
must never be equal to less than two times
that of ELESPEED or the spacing will be
demolished!

And It Comes Out Here

The Morse code generator program is
designed to output the Morse signals through
a parallel 10 port. Two different types of
output are available simultaneously: logical
ana oscillating. The logical output cor-
responds to the Morse signal as it is broad-
cast — the output is high during a dot or
dash and low in the times between. This
corresponds to the telegraph key itself and
may be fed to the transmitter directly or via
a relay or other driver. The oscillating
output changes state once every millisecond
while the logical output is high and is held
low during the times the logical output is
low. This output, when connected to a
speaker, produces 2 500 Hz tone and can be
used as a sidetone or a code practice
oscillator. Both types of output can be
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Listing 2: Various and
Sundry Drivers. Three dif-
ferent driver routines oc-
cupy the remainder of the
assembled code prepared
by the author, These
drivers are ASDRIVER,
SINGLECH, and CODE-
PRAC. ASDRIVER is used
to load a buffer, then call
CWBUFFER to transmit
the data as Morse signals.
SINGLECH is a simple
routine to read a character
from the keyboard then
call the TRANSMIT sub-
routine (bypassing
CWBUFFER) to output
that character as its Morse
equivalent. CODEPRAC is
a routine used to generate
a random series of Morse
data for code practice.
(Note that the instruction
at 01 D5 should be patched
to reference a random
number routine specific to
your own computer
system.)

produced simultaneously, as seen in figure 3.

Which of the lines in your parallel port
are to be used at logical outputs and which
are oscillators is determined by the control
byte labelled INITMASK. For every bit in
INITMASK which is equal to zero, the
corresponding bit in the parallel port is a
logical output. Every bit in INITMASK
which is in an on state causes the corres-
ponding line in the output port to oscillate.

I am not a hardware type person; there-
fore, | am not going to attempt describing
the interface necessary to take the Morse
code output of the nonoscillating line and
transfer it to your ham rig, especially since
every transmitter has its own keying system.
In a classic copout | say, “It is up to the
user to take the logical output of the PIA
{O=key off, +5 V=key on)} and get it onto
the air without blasting the PIA output
driver.”

Viva Southwest Tech

This Morse data generator was written for
a Southwest Technical Products 6800 sys-
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LoC COLE 51MT SOUHCE STATEMENT
0151 178 ASURIVER guwl  #
© 0191 TF 00 45 119 Cuk HOLDBYTE

0194 TF 80 04 180 CLR  H'H006
0197 cE 01 F7 1yl LUX #BUFFER
0l9a 162 LUAULOOP fwu @

les  ®

156 a
0l9a HU El AL igs T V3R H'ELAC

lob @

la7 {

lsg  #

lgy @
0190 A7 00 ST . slaa I
0i9F o8 191 1K
0la0 81 03 1ve CliPa  #3
0la2 27T 10 193 Bl NONEEUL3
01A4 41 VA 194 CMFA  #H1DA
0146 27 o8 145 BLQ  SENDILT
01a8 4l 08 ive CmPa  wH1OB
0laa 26 EE 197 BNE  LUADLUOP
01aC 09 Loy peXx
01ab 09 lyy [T
01aE 20 Ea €0y Bna LUADLUOP
0180 €01 SEWDIT  EwU e
0180 46 03 €02 LvA4 #3
0182 AT 00 cud s1Aa I[s0
0lB¢ L4 NONEEU3 EwU @
0184 CE 01 F7 &0y LUX SHUFFER
0187 D 01 00 ] JSH  LwHUFFEk
0lpA 20 LS en? BRA  ASUKIyEX
olca 215  LUUEPRAC hbu ¢
0lca 7F 0y 45 clé CLR  HOLDBYTE
0lcL 7F 80 04 211 Chr  H'B00e
0lpo CE 0} F7 ely LUX  #BUFFER
01p3 OF 4 cly SIX  CwPIK
010> 220 WENLUUP guwy o
01bb BD UU 00 eel JOR  e=v

ge2  * ’
0lo8 36 ges PLHA
0109 BD 01 72 (D) JUSR  CHAHTUCW
oloc 32 ees Pula
0100 27 Fo éce BtQ GENLOUP
GlDF DE 48 ee? (WL S CWPTH
0lEl A7 o0 cel S$laa Ieo
0led 08 cey I
0lE4 DF 48 3v 81X  CwPTR
0lE6 8C 7F FF a3l GrA WHUF FENU
01€9 26 EA &3¢ BNE GENLOOP
0lEb 86 03 243 LVAA W3
01leD AT Q0 234 sTaa 10
G1EF CE 0l F7 é35 LUX  #BUFFER
0lF2 BD vl 00 édo JOR CWBUFFER
01FS 20.03 £37 BHA  CODEFRAC
01F7 a38 YUFFER Ewl L] )
TFFF k3Y 6r6  HYTFFF
TFFF 2840  QUFFEND gwy @

tem, which uses the Motorola MC6830L7
ROM (MIKBUG Revision 9). A complete
cross assembly of CWBUFFER is printed in
listing 1. The program was written to be
configuration independent, however, and
will work for any 6800 system having
programmable memory at locations hexa-
decimal 00 to 49, at least 190 bytes of
programmable memory elsewhere, and one
PIA. The ASCIl to Morse conversion
subroutine is completely relocatable and
reentrant, although the main generator
routines (CWBUFFER and TRANSMIT) are
not.

All of the timing loops are calibrated for
the Southwest Technical Products System,
which has a 1.797 MHz master oscillator
crystal. If your clock runs at a different
speed, you may want to tweak the loop
constant so that the output of one of the
oscillating lines is exactly 500 Hz (each
outer loop of the MILDELAY subroutine is
supposed to last exactly one millisecond).
The loop constant is at hexadecimal location
0160; incrementing or decrementing it by

CLEAR QUTPUT
LOAD BUFFER ADDRESS

BRANCH TO A SUBRQUTINE WHICH INPUTS
AN ASCII CHARACTER AND PLACES IT
INTO ACC A==we= FOR SYSTEMS USING
MIKBUG THIS SUBROUTINE 1S LOCATED
AT HEX 'ElAC' (INEEE) =w=

NON~MIKBUG SYSTEMS SUBSTITUTE A
COMPARABLE ROUTINE

STORE INTOQ BUFFER

INCRE POINTER

IS THIS A CONTROL C

BR IF YES

IS THIS AN ASCII LINE FEED ?

BR IF YES

IS THIS AN ASCII BACKSPACE CUMMAND ?

BR IF NO

BACKSPACE PUINTER 2 BYTES-~=1 FOR
DATA BYTE & 1 FOR BACKSPACE CHAR

CONT INUE

(STOP BYTE) 7

LOAD AND STORE
DELIMITER (SYOP BYTE) INTO BUFF

RELOAD BUFFER ADDRESS INTO INDEX
CALL Cw GENERATOR ROUTINE
START CYCLE alLL OVER AGAIN

CLEAR QUTPUT
PORT
STORE ADDRESS OF BUFFER
INTO START-QF-BUFFER PUINTER

CALL A ROUTINE TO GENERATE A 1=BYTE
RANDOM NUMBER
SAVE ORIGINAL ASCII CHAR
TEST FOR VALID CW CHARACTER
GET ORIGINAL ASCII CHAR
BR IF NOT VALID
LOAD BUFFER POINTER
STORE CHARACTER INTO BUFFER
INCRE POINTER
SAVE NEW BUFFER PQINTER
END OF BUFFER OR END OF MEMQRY 7
BR IF NOs» GET ANOTHER CHARACTER
LOAD AND STORE
DELIMITER (SYOP BYTE) INTO BUFF
RELOAD BUFFER ADDRESS INTO INDEX
GENERATE CW FOR ENTIRE BUFFER
CONTINUE



Table 1: Speed Control Values. CWBUFFER
uses a 16 bit value, taken from this table, to
control the basic number of milliseconds
spent in each dot interval of the generated
code, and each inter character interval. For
standard Morse, the values loaded from the
CHRSPEED column should be double the
value of the corresponding ELESPEED entry
of a given code speed. By increasing the
CHRSPEED values, the spacings between
characters can be lengthened while pre-
serving the timing relationships for the data
rate loaded into ELESPEED. These values
are calculated assuming the Southwest
Technical Products 6800 system is being
used. For other processors with different
rates for the master oscillator, a new table
would have to be calculated.

one will increase or decrease the interval
which should correspond to a millisecond by
six machine cycles. If you aren’t concerned
with perfect timing, you can compensate by
loading different values into ELESPEED and
CHRSPEED.

The parallel port address used in the
program corresponds to the serial control
interface used by MIKBUG, which is really a
parallel interface that only simulates a serial
interface via software. Connect a small 8
ohm speaker between connections RO and
GND on the serial control interface. (Your
computer will probably be unable to talk to
the TVT or Teletype while the speaker is
attached, due to loading problems.) In the
program turn on the rightmost bit in INIT-
MASK to produce the oscillating output.

There is only one output line normally
available from the PIA on the Southwest
Technical Products serial control interface,
although it separates into two output sys-
tems, RS-232 and 20 mA current loop.
Another line on the PIA’s A side is used for
MIKBUG input, which leaves six lines com-
pletely unused. These lines can be used for

Morse
code Value Loaded Value Loaded
rate into ELESPEED into CHRSPEED
{wpm) {hexadecimal) {hexadecimal)
5 00D6 01AC
10 006B 00D6
15 0047 008E
20 0035 006A
25 0028 0056
30 0024 0048
35 001F 003E
40 001B 0036
50 0015 002A
60 0012 0024
70 000F 001E
80 000D 001A
0 000C 0018
100 000B 0016
200 0005 000A
500 0002 0004
1000 0001 0002

as to how this data is input, whether through
the keyboard, read from tape, generated by
a random number generator, or conjured up
by evil spirits. All that is required is that the
Morse code routine’s controls (ELESPEED,
CHRSPEED, and INITMASK) be set before
the subroutine is entered, and, if the
CWBUFFER entry point is used, that the
index register contains the address of the
first byte of the string and the stop byte,
hexadecimal 03, follows immediately after
the last byte of the string.

I have included three simple drivers which
could be used for the 6800: one that
generates one Morse character at a time from

Table 2. Special Codes and ASCII Graphics.
There are several special case codes used in
radio communications with Morse code.
These are listed at the left with a short
explanation. At the right are shown the
ASCII character graphics and hexadecimal
codes used by CWBUFFER to represent
these special case codes.

Morse output if you bring them out via To send: Keyboard Entry
jumpers from the backside of the PIA. Of _
course, MIKBUG has designated them as SK End of work #  ASCII hexa-
inputs in the A side data direction register; decimal 23
but if you OR a hexadecimal 7E into the BT  Break ‘& ASCII hexa-
DDR, you will reset them as outputs and decimal 26
leave the normal MIKBUG lines alone. You AR  End of Message ‘¢’ ASCII hexa-
can use any combination of those lines for decimal 24
Morse output. KN Invitation to transmit, + ASCII hexa-
. specified station only decimal 2B
Sundry Drivers AS  Wait '~ ASCII hexa-
The Morse Code generator program is decimal 3D
designed to be used as a subroutine. It ERROR CODE (8 dots) 0 ASCI hexa-

simply takes a character or string of charac- decimal 21 or
ters in memory and outputs the Morse code DEL ASCII hexa-
equivalents. It is completely up to the user decimal 7F
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Table 3: ASCIll to Morse
Conversion Table. This
table lists the relative off-
set, data, assembly fan-
guage text, ASCI! equiva-
lent graphics and ASCII
hexadecimal codes (H'xx'
for code xx) for each
character recognized and
generated by CWBUFFER,
To find the Morse encoded
value of each ASCII graph-
ic, subtract hexadecimal
20 from its ASCIl hexa-
decimal value, add the
difference to the first
address location of
ASCWTABL (0 in this
assembly) and use the 16
bit result as the address of
the desired Morse equiv-
alent. Information in this
table was prepared using
the author’s “SPUCA”
cross assembler.

the keyboard; a second that buffers charac-
ters until a delimiter character (line feed) is
encountered, after which it sends out the
characters it has stored in one brilliant blast
of precision keying; and a third driver which
fills up a buffer with random characters,
then sends them out (for code practice).
These drivers are shown as listing 2.

The single character driver (SINGLECH)
lies dormant until a character is entered
from the keyboard. When the character is
received, it is passed immediately to
TRANSMIT and the Morse code is sent out
the PIA. The driver then goes back to sleep
until 2 new character comes in.

The buffered driver loads incoming
characters into a buffer in memory until
either a line feed or ETX (Control C,
hexadecimal 03) character is encountered.
When either is received the starting address is
loaded into the index register, a delimiter
(ETX) is stored in the buffer after the last
data byte; and the buffer is passed to

CWBUFFER, which outputs the CW codes
in a continuous stream until the end of the
buffer is reached. Control then returns to
the driver, which starts loading the buffer all
over again. When a backspace command
(Controt H, hexadecimal 08) is received, the
character immediately preceding the com-
mand is deleted from the buffer.

CODEPRAC, the code practice program,
fills a buffer in memory with random charac-
ters, then passes them to CWBUFFER,
which sends them out the PIA into your
speaker (hopefully you have set INITMASK
so that the line is an oscillating output). The
speed and spacing are controlled by what-
ever you have loaded into EL.LESPEED and
CHRSPEED.

This code practice application is where
the dual speed controls really come into
play. When a person is first learning code, he
obviously has to start at an extremely low
character rate. At this speed, the dots and
dashes are extremely dragged out and sound

LoC CODE STMT SOURCE STATEMENT

0000 1  ASCWEABL EWU %

0000 00 2 FCk  B'00000000’ SPACE (ASCII H'20")

0001 FF 3 FCB  B'11111111' ! (ERROR) (ASCII K'21")

0002 D2 4 FCE  B'11010010" " (ASCII H'22')

0003 E8 5 FCB  B'11101000" 4 (SK) (ASCII n'23")

0004 AA 6 FCB  B'10101010" $ (AR) (ASCII H'24')

0005 00 7 FCE  B'00000000" NULL (ASCII H'25')

0006 B1 8 FCC  B'10110001' & (BT) (ASCII H'26')

0007 DE 9 FC  B'11011110’ ' (ASCII H'27")

0008 ED 10 FCB  B'll101101' ( (ASCII H'28")

0009 ED 11 FCB B'1l101101' ) (ASCIX H'29')

000A 00 12 FCB  B'00000000* NULL (ASCII 1i'2A')

000B AD 13 FCB B'101v1101"' + (KN) (ASCII H'2B')

oooc F3 14 FCB DB'11110011°' , (ASCII H'2C')

000D El 15 FCB  B'11100001"' - (ASCII H'2D')

000E EA 16 FCE  B'11101010°' . (ASCII H'2E')

Q00F AS 17 FCE B'1010l001" / (ASCII H'2F')

0010 BF 18 FCB  B'10111111" 0 (ASCII H'30')

0011 BE 19 FCB B'10111110° 1 (ASCII H'31")

0012 BC 20 FCB  B'10111100’ 2 (ASCII H'32')

0013 B8 21 FCB B'10111000°" 3 (ASCI1 H'33")

0014 BO 22 FCB  B'10110000°' 4 (ASCIIL H'34')

0015 A0 23 FCB  B'10100000' 5 (ASCII H'35')

0016 al 24 FCE  B’'10100001’ 6 (ASCII H'36")

0017 A3 25 FCEB B'10100011°' 7 (ASCII H'37")

0018 A7 26 FCB  B'10100111' 8 (ASCII H'38"')

0019 AF 27 FCB  B'10101111" 9 (ASCII H'39")

001a c7 28 FCB  B'11000111"' : (ASCII H'3A')

001B D5 29 FCB  B'11010101' : (ASCI1 H'3B')

0olc 00 30 FCB  B'00000000"' NULL (ASCII H'3C')

001D A2 3L FCB  B'10100010° = (AS) (ASCII H'3D')

001E 00 32 FCB  B'00000000" NULL (ASCII H'3E')

001F cc 33 FCB  B'11001100"' ? (ASCII H'3F')

0020 00 34 FCB  B'00000000° NULL (ASCII H'40')

0021 42 35 FCB B'01000010°' A (ASCII H'4l' OR H'61")
0022 81 36 FCB  B'10000001" B (ASCII H'42' OR H'62"')
0023 85 37 FCB B'10000101" c {ASCII H'43' OR H'63')
0024 61 38 FCB  B'01100001' D (ASCII H'44' OR H'64')
0025 20 39 FCB  B'00100000" E (ASCII H'45' OR H'65"')
0026 84 40 FCB  B'10000100°' F (ASCII H'46' OR H'66"')
0027 63 41 FCB  B'01100011' G (ASCII H'47' OR H'67')
0028 80 42 FCB  B'10000000' H (ASCII H'48' OR H'68')
0029 40 43 FCB B'01000000" I (ASCII H'49' OR H'69')
002a 8E 44 FCB  B'10001110° J (ASCIX H'4A' OR H'6A')
002B 65 45 FCB  B'01l100101" K (ASCIL H'4B' OR H'6B')
002c 82 46 FCB  B'10000010" L (ASCII H'4C' OR H'6C')
002D 43 47 FCB  B'01000011° M (ASCII H'4D' OR H'6D')
VO2E 41 48 FCB  B'01000001' N (ASCIL H'4E' OR H'6E')
002F 67 49 FCB B'01100111"' o} (ASCII H'4F' OR H'6F')
0030 86 50 FCB  B'10000110' P (ASCIL H'50' OR H'70')
0031 8B 51 FCB  B'10001011" Q (ASCII H'S1' OR H'71l')
0032 62 52 FCB  B'01100010' R (ASCII H'S52' OR H'72')
0033 60 53 FCB  B'01100000" s (ASCII H'53' OR H'73')
0034 21 54 FCB  B'00100001"' T (ASCII H'54' OR H'74')
0035 64 55 FCB  B'01100100" U (ASCII H'S5' OR H'75')
0036 88 56 FCB  B'10001000" v (ASCII H'56' OR H'76")
0037 66 57 FCB  B'01100110' W (ASCII H'57' OR H'77')
0038 89 58 FCB  B'100v1001' X (ASCII H'58' OR H'78')
0039 8D 59 FCB B'10001101"' Y (ASCII H'59' OR H'79")
003A 83 60 FCB  B'10000011"' Z (ASCII H'5A' OR H'7A')
003B ED 61 FCB B'll1101101! { (ASCII H'5B' OR H'7B')
003C 00 62 FCB  B'00000000° NULL (ASCII H'5C' OR H'7C')
003D ED 63 FCC  B'11101101°' ) (ASCII H'5D' OR K'7D')
003E 00 64 FCB  B'00000000° NULL (ASCII H'S5E' OR H'7E")
003F FF 65 FCEB B*11111111" DEL (LRROR} (ASCII L'5F' OR H'7F') -
0040 66  LASTASCW EWU  *-ASCWIABL
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ASCWTABL 0000 LA IASCH [ VERY] CHRASPEEU
HOLUBYIE 0U45 MASR 0046 COUNT
CONTINVE 0lo7 TRaivIMIT 0ll4 NUTSPACE
BlTLOQP vlde SERD 0l4l SPACENT
ELOELAY 0les CHARIUCH 0178 GETENTRY
ASURIVER ul9l LUADLLOP 0lva SENDIT

SiNGLOUP 0iC2 CULErPHAL 0lCa

completely different than they do at higher
speeds. The Morse code neophyte should
really learn to recognize the characters by
listening to the total pattern, not by
counting dots and dashes. However, speeding
up the characters also speeds up the charac-
ter rate if normal element to space ratios are
maintained and an entire message has gone
by while the beginner is still trying to
recognize the first character. Therefore, the
ideal situation is to retain the sound of the
high speed characters and yet increase the
interval between them. This is accomplished
by leaving the element speed (ELESPEED)
the same and increasing the duration of time
between characters (CHRSPEED) to what-
ever length is desired.

Anyway, to get back to the code practice
driver, it will continue to send characters at
the CHRSPEED rate until the end of the
buffer is reached, at which time it will
generate another set of practice characters.
Unfortunately, the random number genera-
tion routine itself is missing. The code
practice driver was a last minute addition,
and there was not time to develop one. (The
program was tested using a kluge substitu-
tion.) However, there are several different
versions floating around. The one you use
should generate a one byte random number
and return it in accumulator A. It should not
destroy accumulator B or the index register.
Load the address of the routine in the
dummy jump to subroutine at hexadecimal
location 01D5. The address at location O1E7
is the end of buffer address or your maxi-
mum memory location. Don’t forget to leave
a place for the random number generator
subroutine.

The drivers in this article are very primi-
tive, and are designed simply to get you
running. If your system is a Southwest
Tech one, you should be able to load all of
the programs and the table into your system
exactly as coded (CODEPRAC too, with the
addition of a random number routine),
connect a speaker between RO and ground
on the control interface, load ELESPEED
and CHRSPEED according to table 1, turn
on the rightmost bit of INITMASK, branch
to the starting address of the driver of your
choice, and start typing. As you hear the
speaker sing a 500 Hz aria with perfect 1 to
3 to 7 spacing, you may reflect that maybe

GENLOOP

0040 ELESPEED 0042 INITHASK 0044
0067 CWPTR 0048 CwBUFFER 0100
ULI1F NOTERR 012E COUNTOK 0134
0144 MILDELAY 0156 LOOP2 0lel
017¢ NOTFNDAS 0189 INVALAS 018F
0180 NONEED3 [:13 SINGLECH  01BC
0105 BUFFER 01F7 BUFFEND TFFF

programmers aren’t such bad guys after all.
Seriously, the sidetone output is a perfect
way to ensure that the program is working
with each of the various drivers before you
try to tie it into your rig.

Other 6800 Systems

For non Southwest Tech 6800 systems,
the installation of the Morse generator pro-
gram is not much more difficult. The address
of the PIA used for the Morse code output
and that of the input routine are the primary
concerns. If your system uses MIKBUG,
which has the single character input routine
at hexadecimal location ETAC and the serial
control interface at hexadecimal 8004, so
much the better — you shouldn’t have to
modify a single byte. If your configuration is
different, substitute your own PIA address
at hexadecimal locations 015D, 0195, 01CO,
and O01CE, and your ASCII input routine
address at locations 01C3 and 019B.

The programs in this article were not
assembled on Motorola’s assembler. They
were run on SPUCA (Sewell’s Psychedelic
Universal Cross Assembler), a homemade
cross assembler which runs on the IBM 370
and generates code for the 6800 and four
other microprocessors. Listings 1 and 2, and
tables 3 and 4 were generated by SPUCA.

The formats are almost identical, but
there are some minor differences that should
be pointed out for the sake of clarity. The
major difference is in instructions using the
indexed mode of addressing. Motorola places
the symbol for the index register (X) after
the operand with a comma in between,
where SPUCA looks for an | before the
operand, again with a comma in between. In
other words, 2 Motorola indexed instruction
looks like this: LDA A OPERAND,X and
one read in by SPUCA is in this format:
LDAA |, OPERAND. In addition, the pro-
grammer must specify explicitly whether
direct (base page, one byte address) or
extended (two byte) addressing is to be
used. If the extended addressing is to be
used, the operand must be preceded by an L,
(for Long). Example: LDAA L,OPERAND.

Most of the rest of the instructions are
identical to Motorola’s except that my as-
sembler has no FCC (Form Constant Charac-
ters) directive and no separate column for
the accumulator ID.m
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Table 4: Label Table. This
table, also prepared with
the author’s cross as-
sembler, gives the address
(hexadecimal) for each

symbol in CWBUFFER
and the sundry driver
programs.









A Morse Code Station

Data Handler

For some time, there has been a need in
amateur radio for a machine that could both
decode and generate Morse code; in addi-
tion, the decoder had to be capable of
automatically tracking varying received code
speeds. Although Morse code keyboards
have been around in the amateur radio field
for some time, decoders have not been so
readily available. Since hardwired logic can
be difficult to modify, | decided to imple-
ment the coder and decoder in software.
Since a low price was desirable and high
performance was not required, | used Digital
Equipment Corporation’s MPS Starter Set.
This is an Intel 8008-1 based product which
DEC has been marketing to the commercial
world. This article describes my implemen-
tation using MPS.

Implementation

The main program consists of a few
subroutine calls to the main tasks, as shown

Listing 1: Monitor Entry and Supervisor Main Task. This listing shows the
symbolic assembly language representation of the outer loop of the Morse
code program. The detailed assembly is found in listing 2 along with the rest

of the program.

RESTRT, CAL
CAL
CAL
LHI
LLI
XRA
ADM
JFZ
CAL
CAL
Jvp

INPEND try code input line;
KYBD try the keyboard task;
PNTR try the printer task;
CMMND1* test the mode byte;
CMMND
zero the A reg and flgs;
mode byte to A reg and flgs;
CMMNDR enter command mode;
IDLE non command character feedthrough;
OUTPUT anything morse to output?
RESTRT and loop (?) along;
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in listing 1. As can be seen in the source
code of the monitor, there are two principal
routines that provide for Morse input and
output; these two routines are INPEND and
OTPUT respectively. The other routines
within the main modules provide house-
keeping and data manipulation for these 10
drivers.

It should be noted, on consulting the full
program listing, listing 2, that there are two
data tables: an ASCII table and a Morse data
table. The only restrictions on modifying
these tables are that both tables be the same
size and in the same sequence. For instance,
the ASCII table could be changed to reflect
a non-ASCII code so that the console could
be other than an ASCII terminal.

Principle of Code Manipulation

A search of published literature available
at the time this program was created showed
an excellent method of representing Morse
code in memory, particularly in eight bit
wide memory. This method, found on page
13 of the July 1975 QST magazine, was
adopted here for internal representation of
Morse code. Binary ones represent dashes,
binary zeros represent dots and a final
binary one closes the character. For in-
stance, the Morse character B(— - » +} would
be represented by the octal number 210
{(binary 10001000). Note that the binary
strings are left justified with trailing zeros. It
can be seen that if this representation is to
be used to generate a Morse character B, the
bit string should simply be shifted out to the
left with each bit interpreted as a dash or a



Figure 1: Flow Chart De-
tail of INPEND, the Morse
code input service routine.
This routine, beginning at
address 24/034 in listing
2, is responsible for track-
ing and adapting to the
variations in speed of
human generated Morse
code inputs. This routine
also detects end of charac-
ter and end of word gaps
between Morse inputs. The
character outputs are
transiated and sent to the
printer buffer maintained
by the program.

dot until a final result in the shift register
is 200 octal. Thus 200 octal remaining in
the processor’s accumulator is used to sig-
nify the end of a character.

To transmit an ASCII keyboard character
out in Morse code, all that is required is to
look up the ASCII character in the ASCII
table and compute its relative location with-
in the table. Once the relative location is
calculated, it is necessary to look in the
Morse table in the same relative location and
pull the Morse eguivalent of the ASCII
character out of the table. Once this code is
available, it is loaded into a register and
shifted out to the left as dashes and dots
until the register contains octal 200. Con-
versely, data being received in Morse code
starts a character by preloading of a register
with octal 200 and then the shifting in of a
bit at a time of dash and dot information in
ones and zeros. When an intercharacter delay
time is finally recognized, the character is
considered ‘“‘closed” and the data that is in
the register is left justified and looked up in
the Morse code table. When it is found in the
Morse code table, the same relative address
within the ASCII table contains the ASCII
character equivalent. {See figure 1 for a flow
chart of the code input service routine.)

Morse Code Speed Determination

When code is being transmitted by the
program, the code output speed is selected
by a keyboard control sequence. This con-
trol sequence consists of the escape (ESC)
key followed by a ‘W’ and then a second
character obtained from table 1. Once the

INPEND r

o e o ‘v
t MORSE CODE |
| INPUT SERVICE |

— — - ROUTINE |
: LISTING 2 :
| ADDRESS 24/034

RETURN

INITIALIZE
“INCHAR"

DOWN

KEY\ NO

UPDATE
TIMER

YES TIMER

SAYS *DOT*
?

NO

L

SHIFT A SHIFT A
‘0" INTO ‘| INTO
"INCHAR" “INCHAR"

SPEEOD UP
CODE RATE

DASH
TOO LONG
?

poT
TOO SHORT
?

NO

SLOW DOWN
CODE RATE

NO

UPDATE
TIMER

END OF
MESSAGE

PUT SPACE
INTO

PRINTER
FIFO

LEFT JUSTIFY
“INCHAR"
AND TRANSLATE|

PUT INPUT
INTO
PRINTER
FIFO

]

A

‘ RETURN ’
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the processor “judges’ the current code rate
to be. Therefore, the processor arbitrarily
selects the initial code speed to be about 15
words per minute and, if it deems that the
input code speed is other than that, a change
will be made in the appropriate direction
until the processor is able to synchronize
against the incoming code speed. At this
time, small changes in the code rate will be
made to insure that the code speed remains
within the tracking range. In addition to
decoding the dot and dash times, the pro-
gram must also be able to decode the times
between characters, between symbols and
even at the end of sentences. Additionally an
arbitrary time is selected which is deemed to
be an end of message; these times are set to
be a function of a dot time. Thus, as the
processor works to synchronize the code

speed, all that is required is to keep track of
a counter which represents the length of a
dot. If the dot time is increased, thus
decreasing the code speed, all the other
times will be affected in a similar direction.

Keyboard Monitor

In general, characters typed on the key-
board are immediately translated to the
Morse code bit string and then transmitted

4 CMMNDR )

Ve

GET NEW
KEY INPUT

‘ RETURN )

GET NEW OPEN
KEYBOARD —— MESSAGE ComanD N TES
| INPUT BUFFER >
CLOSE LOAD
MESSAGE COMMAND
BUFFER
PUT NEW COPY MESSAGE
CHARACTER DELETE RETURN PRINT YES |BUFFER INTO
<t IN MESSAGE CHARACTER C ) COMMAND PRINT BUFFER
BUFFER ? P
DELETE LAST <EnD COPY MESSAGE
L CHARACTER COMMAND SYES | BUFFER INTO
% OF MESSAGE OUTPUT
BUFFER BUFFER
Figure 2: The command vEs TesT
interpreter routline, - COMMAND
CMMNDR, represented as
a flow chart. The com-
mand interpreter is de-
signed to test for the COPY MESSAGE SET NEW
. BUFFER INTO SPEED FROM
several commands possible OUTPUT INPUT
. BUFFER
and  take  appropriate
actions. The commands in-
clude exiting the com-

mand mode, loading the
messuge buffer, printing J
the message buffer, send-
ing the message buffer out
as Morse code, testing the
Morse code output by re-
peatedly sending the mes-
sage buffer and changing
the speed of the machine
generated Morse code out-
puts.

YES

KEYBOARD
FIFO EMPTY

RETURN
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MESSAGE
Py




Figure 3: The keyboard
service routine, KYBD,
specified as a flow chart.
This routine is simple:
Look at the UART and see
if data is available. If so,
then stuff the data into
the keyboard input buffer,
or ring the bell and ignore
if the buffer was full.

Figure 4: The printer ser-
vice routine, PNTR, speci-
fied as a flow chart. This
also is very straightfor-
ward: Look at the UART
and see if it is ready to
transmit. If so, then if the
printer buffer is not empty
send a character to the
UART and remove the
character from the printer
buffer.

____rusrmc 2 _}
ADDRESS 22/227
| ADDRESS 227227 |

KEY-

BOARD FIFO

FULL
2

RING BELL
ON

PUT CHAR

IN FIFO TERMINAL

RETURN )

out in Morse code. There are some special
commands interpreted as shown in figure 2
to modify this normal mode:

e <ESC> L is used to reload the
message buffer until an escape
(<ESC>). (LOAD command)

e <ESC> is used to return Lo normal
keyboard mode. (EXIT command)

o <ESC> P causes the message buffer
contents to be printed. (PRINT com-
mand)

® <ESC> S is used to ship thc message

_ _"—LISTING 2 1|
DRESS 22/31
(ADPRESS 22731 ol

I MITTER BUFFER |

_____ 4
LEMPTY

PRINT A
CHARACTER

DELETE CHAR
FROM FIFO

L :
( RETURN )
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buffer out, translated in Morse code.
{SEND command)

® <ESC> T is a test to do <ESC> S
until an escape is typed. (TEST
command)

e <ESC> W loads a new rate constant
for WPM output. A character obtained
from table 1 sets the rate, and should
follow the W. (Speed change
command)

¢ The delete (rub out) can be used in a
buffer loading mode to remove pre-
vious characters back to the beginning
of the buffer.

Software Buffer

This program uses overlaid 10 to allow
several operations to be done at the same
time. First in, first out buffering is imple-
mented to keep track of data transferred
from or to the buffer locations. Four effec-
tive sources or destinations are involved: the
message holding buffer, the code output
buffer, the keyboard buffer (see figure 3 for
the keyboard buffer service routine), and the
printer buffer (see figure 4 for printer buffer
service routine). Each buffer uses its first
location as a byte count of the number of
locations occupied by valid data. Since this
is an eight bit machine, and single precision
arithmetic is used, it is obvious that the
maximum number of available data locations
in a buffer can not exceed octal 377; any
attempt by the user to exceed octal 377
locations or to exceed the maximum buffer
size results in an error due to buffer over-
flow. When the program senses a buffer
overflow condition, the terminal bell (or bell
indicator) will be rung and the character that
would have caused the overflow will be
ignored. Since the user may choose to
modify the sizes of these buffers, the fol-
lowing advice is offered: The message buffer
should be as large as practically possible,
followed by the keyboard buffer and then
the printer buffer in priority.

Hardware Configuration

This piece of software has been designed
and constructed so it can operate without
modification on DEC Logic Products Starter
Set 1T (KMPO1 based). This starter set con-
tains adequate memory, hardware, and inter-
facing to allow the software to execute
properly. When executed on the starter set,
the least significant bit of the input byte
from input device 2 is used as the sense line
for code input. The entire byte on output
device 4 is used for code output {(any
particular bit on this output channel may be

Text continued on page 70



Listing 2: Complete Assembly of the Morse Code Program for an 8008. This listing was prepared using a cross assembler
available to the author at Digital Equipment Corporation. The listing is reproduced here in its entirety, with an absolute origin
picked for the hardware available to the author. The listing is well commented and includes a symbol table found at the end.

20 120

20 122

05
02
06

4,

&
6
6

044

7/ THIS FROGRAM, CONSISTING OF A FROM SECTIDN OF
/SUBROUTINES & MAINLINE TASKS AND' A RAM
/SECTION OF ERUFFERS: GENERATES AND DECODES MORSE CODE.

/THE NECORING SECTION 16 DESIGNED TO BE SELF TRACKING
/AS TO CHANGING SFEENS. MUE TO THIS SELF TRACKING
/FEATUREs A FEW ILLEGAIL. COLES MAY BE [ECONED AS THE
/FROGRAM ATTEMFTS TO LOCK ONTO THE INFUT CONE SFEED.

/THIS PROGRAM IS DESIGNED TO RUN ON THE INTEL BOOB-~1 EASED
/MPS STARTER SET AVAILAELE FROM THE DEC COMFONENTS GROUF.

/ WRITTEN 1-29-74 BY BRUCE FILGATE OF COMFONENTS
/AFFLICATIONS ENGINEERING AT [IGITAL EQUIFMENT
/CORFORATION IN MARLEOUGH MASSACHUSETTS FOR THE
/LOGIC FROLUCTS MFS FRODUCT LINE

/WEIGHTING IS 1 DASH TO 3 GOTS.

/JUST A FEW WORDS ABQOUT THE STACK STRUCTURE.....
/THE STACKS USE THE FIRST LOCATION AS A COUNT OF THE
/NUMBER OF OTHER USED LOCATIONS IN THE STACK.

/THE LSR OF THE INPUT BYTE FROM T/0 CHANNEL $2 IS RESERVED FOR
/THE SENSE LINE FOR CODE INFUT.

/THE RYTE (N I/0 CHANNEL #4 IS USEDL FOR CODE OUTRUT

/KEY SENSE FOR CODE INPUT AND QUTFUT IS GROUND FOR KEY LOWN
/CONDITION AND LOGIC HIGH FOR THE KEY UF CONDITION.

7/

/ FROGRAM SHOULD BE STARTEL AT STRT

/

/ FROGRAM MAY HE RESTARTED AT RESTRT
/

ZHRKRAORA KKK F3TTTES AR

/THE TERMINAL EELL WILL BE RUNG WHENEVER A KUFFER
/OVERFLOW 15 CAUSEDN BY THE USER. THE CHAR
/THAT WOULD HAVE CAUSEL THE OVERFLOW IS TRAFFED
/AND' DELETED.,

/NORMALLY THE KEYEQARL DATA IS TRANSMITTED OUT TRANSLATED
/RUT ALT MODE (ESC) KEY USED FOR SFECTAL COMMANDS.
/L=RELOADI THE MESSAGE BUFFER UNTIL ESC
/ESC=RETUKRN TO NORMAL MODE
/F=FRINT THE MESSAGE BUFFER CONTENTS
/5=SHIF THE MESSAGE RUFFER TRANSLATED
/T=TEST BY DOING S UNTIL AN ESC 1S5 TYFED
/W=L0AD BAUD CONSTANT FOR WFM OUTFUT

/ SF 120 WFM
7/ ' 89
/ . 43
/ L] 48
/ L] 44
/ % 37
7/ ‘ 27
/ ) a2
/ + iB8
/ / 14
/ 3 12
/ » 7.6
/ ? .2

/AND THE DELETE (RUBOUT) KEY IS USED TO EDIT RUFFER AS
/WELL AS REFRESENT THE ERROR CODE IN THE IMMEDIATE MODE.

/NEED' A FEW MORE INSTRUCTIONS HERE...

OFDEF SENSEi105i0 /READ THE SENSE LINE

OFDEF READ3 10130 /SERIAL INFUT

OFLEF FRINT#12130 /SERIAL OUTFUT

OFLEF §TATUS: 103450 /SERIAL STATUS

OFDEF OUTPUT#13140 ZENCOLELD OUTPUT
/BUFFER SIZE SET UF

MSG52=377 /MESSAGE HOLDING

BUFOUT=60 /COnE OUTFUT

HUFSKY=377 /KEYROARD

HUFSFN=60 /FPRINTER

/TERMINAL DEPENDENT CONSTANTS

WIDTH=110 /PRINTER WIDTH IN OCTAL

CR=15 /CAR RET CHAR (ASCII CR=15

LF=12 /LINE FEED CHAR (ASCII LF=12)

W=127 /LOADL NEW SPEED CONSTANT (ASCII W=127)
ERCHAR=7 /CONSTANT FOR ERROR CHAR (ASCII BEL=7)
ESC=175 /ENTER COMMAND MOLE (ASCII ESC=175)
L=114 /LOAD MESSAGE BUFFER (ASCII L=114)
F=120 /FRINT THE MESSAGE BUFFER (ASCII F=120)
§=123 /TRANSLATERSEND MESSAGE (ASCII 8=123)
T=124 /TEST DO S UNTIL ESC TYFED (ASCII T=124)
ESCSYM=44 /ECHO A 8 FDR ESC

QUEST=77 /QUESTION MARK FOR BAD COMHAND
DELETE=177 /CHAR THAT REPRESENTS THE LELETE
DELSYM=134 /FPRINTABLE CHAR FOR A DELETE

ETX=3 /CONTROL C EXIT TO STRT

C=103 /REQUIRELR TO ECHO ETX» ~°C

UPARRO=134 /REQUIRED TO ECHQ ETXs ~C

BLANK=40 /ASCII SPACE CONSTANT

X204120

/START UP TIHE HOUSEKEEPING
STRT» LHI MSSGBF™ /CLEAR THE MESSAGE BUFFER

LLr MSSGBF

20

2

124
125

143
144

166

20 170

20

171

172

7%

370
056
024
066
301
076
o3r
106
046
021
076
035
250
056
024
066
305
370
056
025
066
354
370
056
oz24
066
275
370
104
046
021

LHA
LHI BAUD™ /SET QUTFUT BAUER AT AEOUT 15 WFM
LLx BAUI
LMI 35
caL INCLH /LIKEWISE WITH INFUT RAUD
LMI 35
STRTis XRA /RESTART FOR ~C ANI' CLEAR THE A REG
LHI KYFIFO™ /CLEAR THE KYED' CHAR COUNT
LLr KYFIFOD
LMA
LHI OTFIFD™ /CLEAR THE OUTFUT BUFFER
LLL OTFIFO
LMA
LHT CMMNLO™  /INITIALIZE THE MODE EYTE
LLI CHMMND
LHA
CAaL INCLH ZINIT THE CHAR COUNT
LMA /SET FOR CRLF INITIALIZATION
LHI FNFIFO™ /INITIALIZE THE FRINTER CHAR CNT
LLI FNFIFD
LMA /2ZERO FRINTER CHAR COUNT
OuTRUT /CLEAR THE TONE AND OTHER RITS

/MONITOR ENTRY AND SUFERVISOR MAIN TASK
RESTRT, CAL INFEND /TRY COLE INFUT LINE

caL KYRI /TRY THE KEYROARD TASK

caL FNTR /TRY THE PRINTER TASK

LHI CMMND™  /TEST THE HODE EBYTE

LLY CMMND

XKA /ZERO THE A REG AND FLGS

ADIH /MODE RYTE TO A REG AND FLGS

JFZ CHMMNDR  /ENTER COMMAND MODE

caL INLE /NON COMMAND CHARACTER FEENTHROUGH
cAaL OTFUT /ANYTHING MORSE TO OUTFUT?

JMF RESTRT /ANII LOOF (7?) ALONG

/ASCII TABLE OF DATA

ASCTAEy RLOCK 32510141 /A THROUGH Z
BLOCK 1174141 /1 THROUGH 9
DATA 50 /0
DATA 55 /-
DATA 56 /e
DATA 54 /v
DATA 77 /7
DATA 57 /5LASH
DATA 72 :
DATA 50 7¢
DATA S1 2
DATA 47 ’’
DATA 42 ’°
DATA 12 /END OF MESSAGE(CR/LF)
DATA 12 /END DF WORK(ER/LF)
ASCEND» DATA 73 /4









306
307
310
311
312
313
314
318

314
317
320
321
3z2

20
20
20
20

20
20
21

21
21

21
21
21
21

21

21
21

21
21

21
21

21

21
21
21

21

21

2
21

21

326
327
330
331
332
333
334
335

336
337
340
341
342
343
344
345

348
347
350
351

352
353
354
355
356
357
340
361
342
363
364
345
366

367
370
371
372

375

377
000
001
002

005
006
007
010
o011

013

014
015

017
020

023

026
027

032
033
034

036

040

043

046
047
050
051

010

040

150

330
120
020
300
060
030
160
230

270
310
174
074
034
014
004
204

304
344
364
374

206
126
316
062
224
342
266
266
172
112
124
026

252

307
021
272
150

021
004
001
370
206
360
100

021
050
371
250
007
004
001
007

307
024
001
370
104
036
021

106
044
021
327
106
052
021
372
301
024

053
310
106
044
021

023
021

060
013
050
007

306
024
001
360

/MORSE TABLE$1=0ASH,0=DOTsWITH A 1 TO ENIl THE CHAR

MORTAEs DATA
DATA
DATA
DATA
TATA
DATA
DATA
DaTA

DATA
LATA
DATA
naTA
DATA
DATA
DATA
DATA

DATA
aTA
DATA
DATA
DATA
LATA
LATA
DATA

DATA
LATA
DATA
DATA
DATA
DATA
nATaA
DATA

DATA
IATA
DATA
DATA

IATA
DATA
DATA
DATA
DATA
LATA
DATA
DATA
DATA
nATA
nATaA
LATA

MORENDs [ATA

140
210
250
220
100
50

320
10

40

170
240
110
340
240
3460
150

ZEND
ZENIt
/i

OF MESSAGE(CR/LF)
OF WORK(CR/LF)

/SUBROUTINE TO FUT DATA IN A GENERAL STACK

/STACK FOINTER IN H&L»

DATA IN By BUFFER SIZE IN C

/RETURNS WITH A=0 IF NO ERRDR, =ERCHAR IF ERROR

ENTPAKy LAM
ncc
cpPC

J7Z

ADI

LMA
ADL
LLA
JFC

INH
LME
XRA
RET
ADI

OK»

ERROFL»

RET

/POF SUBROUTINE! ENTERED
AM

POF»
suI

LMA
JMP

/LO0

POFLOFs CAL

LCH
caL

LHC
LAE
su1
FOFY» RTZ
LBA
caL

JNP

/SUBROUTINE
INCLHy INL
RFZ
INH
RET

ERROFL

oK

1

POPY

F FOR POP
INCLH

DCRLH

INCLH

POPLOP

TO INCREMENT THE
/BUMI

/CHAR COUNT TO A

/COMPUTE CHARACTER LOCATIONS IN BUFFER
/0ON’T OVERFLOW THE BUFFER

ZFULL s

/BUMP THE COUNT

/CHAR COUNT UFDRATE TO MEM
/LOW POINTER ADDED TO A

/BET L VALUE UFDATED TO L REG
/IF A CARRYy FIX THE H

/FIX H REG

/CHAR TGO MEMORY

/CLEAR THE A REG

/NONE

/SET A REG NON ZERO ERR RETURN

/SYSTEM ERRDRy SYSTEM MUST FIX!!!!

WITH FOINTER IN H&L:»
/GET COUNTER TO A REG
/DECREMENT

SIZE IN R

/RESTORE THE NEW COUNTER
/GET INTQ FOPLOF LOOF

/POINT AT CHAR TO FOP

/GET CHAR TO C REG
/FOINT TO NEW LOCATION

/FUT CHAR IN MEMORY
/B TO A REG
/SUBTRACT 1

/DONE?
/RESTORE E REG
/RECOVER FROM THE DECREMENT FOSITION

/NEXT PAIR FOF

H AND L REGS

UMP THE L

/RETURN IF NO CARRY
/BUHMP THE H ON A CARRY
/ALL DONE

/SUBROUTINE TO DECREMENT THE H AND L REGS

OCRLHy, LAL

SuI
LLA

1

/L TO A
/DECREMENT THE A

/RETURN IF NO BHORRGW

21

21

21

60

061

063

065

067
070
071

074
075

100

103

1046

107

11t

113

130
131

142
143
144

056
024
066
302
026
005
104
067
021

006
377
131
104
137
021

004
377
131
106
061
021
106
061
021
106
061
021
250
131
106
061
021
007

106
164
oz2
150
150
021
074
175
150
153
022
074
114
150
224
021
074
120
150
317
021
074
123
150
040
022
074
124
150
074
022
074
127
150
133
022
016
077
106
304
022
104
150
021

056
Q26
0é6
044

RFC
LCH
RET

/SUBROUTINE
TICKy LRI

LLI

LCcI

WALT2y
WAITL1,

LEM
nce
JFZ

nce
JFZ

ZUELAYy
TICKI» LHI

LLI

Ler

JMF

/SUBROUTINE TO GENERATE

USED

TO WAIT A UNIT CORE TIME»

RAUD™

RAUD

50

WAIT1

WAIT2

KYED

FNTR

/NO BRORROW, THEN RETURN
/FIX THE H AFTER A BORROW
/DONE

DESTROYS A»E/C
/FOINT AT CONST

/MULTIFLIER CONSTANT

/CONST 70 E
/COUNT IT DDWN LELAY

ZMULTIFLY IT

/OVERLAF WITH KEYBDARD INFUT
/LIKEWISE WITH THE FRINTER

/OELAY OVER!111

FOR 8 SLICE LECODING 0OF 1INFUT CODE

RAUDI™

BAULT

5

WAITZ2

noTv. LAL 377
QUTFUT
JHF FINTOT

/FOINT AT CONSTANT

/8 TIMES FASTER THAN TICK

/FINISH TICKI IN TICK ROUTINE

A DOT ANDN POST SFACEs LESTRDYS ArErCrHrL
/SET ALL RITS IN THE A REG

/TURN ON THE KEY (DOWN)
/FINISH THE [OT IN THE DASH ROUTINE

/SUBROUTINE GENERATES DASH ITS FOST SFACEs DESTROYS AsBrCrHsL

UASHy LAL 377
QUTFUT
CAL TICK
caL TICK
FINDODT, CAL TICK
XRA
QUTPUT
caL TICK
RET

/SET ALL BITS IN THE A REG

/KEY DOWN
/DASH

/ENTERED' HERE TO FINISH A DOT

/CLEAR THE A REG
/KEY UF

/HONITOR TASK SUBROUTINE FOR HANDLING COMMANDS FROM THE KEYROARID

CMMNDR» CAL
JTZ

CFI

Jrz

CFI

JTZ

CFPI

CFI

Jrz

CFI

JTZ

CPI

JTZ

/IF
LBI

CAL

JMF

/ROUTINE TO
LDNXTr LHI

LLI

UNFAK

CHMMNDR

ESC

CLRMD

L

LIONXT

SNDNX

TEST

W

WFM
HERE A BAL

QUEST

FFAK

CMMNDR

/GET CHAR FROM KEYROARI

/IF NO CHAR» WAIT...

/WAS IT ANOTHER ESC?

/EXIT ON ESC

/WAS IT A LOAD?

/YES» GO LOAD A MESSAGE

/WAS IT A PRINT?

/YES GO FPRINT THE MESSAGE HUFFER

/WAS IT A SEND THE BUFFER?

/YESy SHIP OUT THE HESSAGE

/WAS IT A TEST?

/YESs SEND THE BUFFER UNTIL ESC IS TYFELD

ZWAS IT A NEW WFM CONSTANT?

/YESy LOAD' NEXT CHAR AS THE CONST

COMMAND
/QUESTION MARK

/TO THE PRINTER FIFO

/TRY FOR A& VALID COMMAND CHAR

LOAD THE MESSAGE BUFFER
MSSEBF~ /POINT AT THE CURRENT CHAR FOINTER

MSSGRF






305
306

310

313

315
316

323
325

330

333
335
337

341

344

361

365

371

003
004
005
006

010

012
013

076

106

056

074

028

020

112
305
021
104
232

021

103
044
020
150
305
021
0046
Q07
121
007

056
024
066
300
076
000
106
333
021
104
153

022

056

371

006
044
207
340
056
026

004
022
050
317
250
036
024
066
300
207
110
024
022

/ZERQ THE COUNT

/GET KEYHDARD CHAR. ..

/UAIT FOR DATA

ZEND OF THE INFUT MESSAGE?

/EXIT END OF MESSAGE

/CHAR TO B REG FOR ENTFAK
/FQINT AT THE MESSAGE BUFFER

/DELETE COMMAND?
/NO
/YESy CLEAR THE A REG AND

/GET COUNT TQ A AND FLGS
/HUFFER EMFTYr A NO NO

FLGS

/UECREMENT COUNTER
/RETURN COUNT TO MEH
/LOOF

/BUFFER SIZE SET UF

/CHAR TO BUFFER

/TEST FOR BUFFER OVERFLOW

LMI 0
LDNXT1r CAL UNFAK
JTZ LIINXT1
CFI ESC
JTZ CLRMI
LEA
LHI MSSGEF™
LLI MSSGEF
CPI DELETE
JFZ LONXT2
XKA
ADM
JTZ LDNXT1
SET 1
LMA
JMF LINXT1
LONXT2y LCI MSGSZ
CAL ENTFAK
CFz WHOOF
JMF LONXT1
/SUERQUTINE FOR
WHOOFy  STATUS
NID 20
JTZ WHDODF
LAI ERCHAR
FRINT
RET

/TELL USER BUFFER FULL

/LOOF UNTIL ESC

USER ERROR IDICATION

/YESy GET PRINTER STATUS
/TBMT MASK

JUAIT

/SET ERROR INRICATION

/ROUTINE TO FRINT THE MESSAGE BUFFER

FRTs LHI

LLI

LME

caL

JMP

/SUBROQUTINE
/DEFINED BY

DMFSUE,» LHI

LLx
LHI

FRT1, caL

CAL

XRA
ADM
RTZ
LHI

LLI

CFM
RTZ
LEM
INE
LMB

SOH™

SOH

]
DMPSUR

CLRMIt

/SET UF FRINT SUEBMOLDE

/FRINT THE MESSAGE BUFFER

ZEXIT TO THE SUFERVISOR

TO MOVE THE MESSAGE BUFFER CONTENTS TO LOCATION

THE SOH LOCATION.

MSSCNT™
MSSCNT
o

FNTR

KYERD

aTruT

MSSGRF~™

MSSGRF

MSSCNT™

MSSCNT

/FETCH THE CHAR

FR4y LAT
ADM
LLA
LHI

JFC

INH
LBH
XRA
LHI

PR2»

LLI

ADM
JFZ

MSSGEF

HSSGRF™

FR2

SOH™

SOH1

0=FRINTER 1=SENDIER

/FOINT AT TEMF CHAR FOINTER

/CLEAR THE FOINTER

/TRY TO FINISH THE FRINTING

/TRY TO FINISH THE KEYROQARIt INFUT

/TRY TO FINISH THE TRANSMISSION

/18 THERE A MESSAGE?
/FINDI CHAR CNTR AND CHECK FOR NON ZERD

/CLEAR THE A REG

/ADI IN THE CHAR COUNT

/NO MESSAGEs EXIT

/CHECK COUNT ON XFER CHARS

/BUFFER ALL XFERED?
/EVERYTHING XFEREDs
/STILL HEREs

EXIT
EUMF THE CHAR COUNT

FROM THE MESSAGE RUFFER
/COMFUTE FOINTERS

/AND IN THE BUFFER OFFSET
/SET UP THE L H YET TO GO
/H SET IF ND CARRY FROM THE L

/ND CARRY

/FIX FOR THE L CARRY
/CHAR TO THE B REG
/CLEAR THE A REG
/GET THE SUBMODE

/SUBMOLE IN THE A REG AND FLGS
/SEND SUEMOLE

62

I8
X3

P
%]

)
)

1
13

)
X}

13
[X)

r
)

)
1

ra
1

1y
X}

ra
3

ry
(3]

2]
0

©
b

3
X}

2
[X]

1%
X}

2
r

r
X}

1
[X]

3
[X)

[
[X]

ra
[X]

o
IN)

3]
[X]

22

143
144

146

150

152

164

106
304
022
104
035
022
056
025

0b6

364

056
024

300
076

056
024

066
300
076
001

106
333
021
106
164
022
150
074
o2z
074
175
150
153
o2z
016
077
106
304
022
110
120
oz2
104
074
022

104

370

056
024
066

076
000
104
172
020

106
316

022

SOH1y

PR3y

CAL

JMF

LHI

LHI

LLI

JHF

/ROUTINE TO

SNIONX »

LHI

LLT

LHI

caL

/ROUTINE TO

TEST»

TEST1y

/CODE 7O LOAD A

WFH

LHI

LLI

LMI

caL

caL

LEI

cAL

JFZ

JMF

CAL

JTZ

NRI

RLC
ORI

LHI

LLI

LMA

FFAK

FR3

OTFIFO™

OTFIFO

RUFOUT

ENTFAK

FRT1

FNTR

KYBD

OTPUT

MSSCNT™
MSSCNT

FR4

/FRINT SUEMODE

/FDINT AT OUTFUT BUFFER

/RUFFER SIZE TO C REG

/XFER TG THE BUFFER

/L.00F IF NO ERROR

/YESy OVERLAY THE I/0

/RESET THE H REG FOR ERROR RECOVERY

/TRY THE CHAR AGAIN

SHIF OUT THE BUFFER IN CODE

soH™
SOH
1

OMPSUE

CLRMI

TEST QUTFUT,
SOH™

SOH
1

OMFSUR

UNFAK

TEST

ESC

CLRMD

QUEST

FFAK

TEST1

TEST

NEW WPM
UNFAK

WPM

37

t
BAUD™

BAUD

/SET UF SEND' MOIE FOR

/OMFSUER ROUTINE

/SENII THE MESSAGE RUFFER

JEXIT

SHIF UNTIL ESC IS TYFED
/SET UF FDR SEND MODE

/SENL THE BUFFER

/CHAR FROM KEYEDARD

/NOTHING YETy DO IT AGAIN

/ESC?

/YESs EXIT

/ILLEGAL CHAR FOR THIS

/NDOTIFY THE USER

/IF OVERFLOW: TRY AGAIN

ZAND LOOF. ..

CONSTANT INTO BAUD
/GET CHAR FROM KEYEODARD

/WAIT FOR CHAR

/MASK FOR 5 VALID BITS

/MULTIPLY BY 2
/SET THE LSE
/FOINT AT BAUL LOCATION

/CONSTANT TO BAUD LOCATION

/FALL THROUGH TO CLRMD

/CLEAR THE FLAGS AND EXIT TO SUFERVISOR

CLRMID,

LHI

LLz

LMI

JMF

CMMND™
CHMND
]

RESTRT

/ZERO THE MOLE BYTE

/T0 SUPERVISOR

/ROUTINE TO GET CHAR FROM KEYBOARD FIFOQ

UNFPAKy

/RETURNS WITH CHAR IN A REG»

CAL

FNTR

A REG=0 IF NO CHAR
/TRY TO FINISH PENDRING FRINTING






22 147 106 cAL KYBD /KEYBOARD HAFPY? 220

227 022
022 22 341 004 LA LF
22 172 106 CAL oTPUT /OVERLAY THE CODE BUTFUT o1z
230 22 343 121 FRINT
023 22 344 076 LMI WIDTH  /RESET FRINT FOSITION COUNT
22 175 056 LHI KYFIFOT /POINT AT KEYROARD STACK 110
024 22 346 007 RET
22 177 046 LLT KYFIFO 22 347 056 FRT2,  LHI FNFIFO™ /FOINT AT CHAR COUNT
305 035
22 201 250 XRA /CLEAR THE A REG 22 351 046 LLI FNFIFO
22 202 207 ADM /CHAR COUNT TO A REG 304
22 203 053 RTZ /IF EMPTYs RETURN A REG=0 22 353 250 XRA /CLEAR THE A REG
22 204 106 caL INCLH  /POINT AT CHAR 22 354 207 aADM /CHAR COUNT 0 A REG AND FLGS
046 22 355 053 RTZ /NOTHING TO FRINT» NEXT TASK
021 /IF HERE THERE 18 FRINTING TO KE DDONE!!1!(1)
22 207 347 LEM /GET CHAR TO E REG TEMF /PDINT AT CHAR TO FRINT AND FRINT IT
22 210 106 caL OCRLH  /FOINT AT KEYBOARD FIFO 22 356 106 caL INCLH
052 046
021 021
22 213 106 cAL FOP /0UT OF FIFQ, RETURNS A=0 22 361 347  NXTFNT, LEM /CHAR TO E REG TEMF
014 /NOW UFDATE THE CHAR COUNT
021 22 362 066 LLI FNFIFO /POINT AT CHAR COUNT
22 216 204 ADE /CHAR TO A REG AND FLGS 304
22 217 007 RET /RETURN WITH A REG=CHAR 22 364 056 LHI PNFIFO~
025
22 386 106 cAL FOF /RIFFLE THE FIFO
/SUBROUTINE TC WAIT FOR THE TBMT FLAG 014
22 220 103 WAITHT: STATUS /8ET TBMT FLAG 021
22 221 044 NDT 20 22 371 056 LHI TWIDTH™ /UFDATE FRINT FOSITION
020 024
22 223 150 412 WAITHT  /WAIT.... 22 373 066 LLl TWIDTH
azo0 276
022 22 375 317 LEM /COUNT TO E
22 226 007 RET /0Ky HAVE TEMT 22 376 011 DCR /-1
22 377 37t LME /EACK TO MEMORY
23 000 304 LAE /CHAR BACK TO A REG
23 001 074 CFI LF /1S IT A LF?
012
23 003 150 JTZ INCRLF  /YESs INSERT A CRLF
/KEYHOARD HANDLER SUBROUTINE 031
2 227 103 KYED,»  STATUS /GET THE SERIAL LINE STATUS 023
22 230 044 NET 40 /MASK 23 006 074 CF1 CR /18 IT A CR?
040 015
22 232 0S3 RTZ /NEXT TASK 23 010 150 JTZ INCRLF  /YES, INSERT A CRLF
/PUT KEYBOARD CHARACTER IN KYED FIFD 031
22 233 101 READ /GET CHAR FORM KEYROARD TO A REG 023
22 234 044 NDI 177 /BET RID OF ASCII PARITY BIT 23 013 074 CPI DELETE /1% IT A LELETE?
177 177
22 236 074 cPI ETX /CONTROL C 23 015 150 JTZ DEL /YES» INSERT A BACKSLASH
003 034
22 240 110 JFZ NETX /NO 023
267 23 020 074 CF1 ESC /IS 1T aN ESC?
022 175
22 243 250 XRA /YESs CLEAR OUTFPUT 23 022 110 JFZ PNTL /ND
22 244 131 DUTPUT 027
22 245 104 caL WAITMT /SEND OUT ~C 023
220 23 025 006 LAI ESCSYM /YES, SUBSTITUTE A FRINTAELE CHAR
022 044
22 250 006 LAl UPARRD 23 027 121 ENT1,  PRINT /PRINT THE CHAR
136 23 030 007 RET /DONEy PRINTED A CHAR
22 252 121 PRINT 23 031 076  INCRLFs LMI 0 /SET FOR CRLF NEXT
22 253 106 cAL WAITHT /WAIT FOR TBHT 000
220 23 033 007 RET
022 23 034 006  DEL, La1 DELSYM /SURSTITUTE A FRINTABLE CHARACTER
22 256 006 LA c 134
103 23 036 121 FRINT
22 260 121 FRINT 23 037 007 RET /ENDl TO THE FRINTER TASh
22 261 106 cAL WAITMT  /WAIT FOK THMT
220
02
22 264 104 JNE STRTI /GO RESTART FROM ALMOST ZERO
140
020
22 267 056 NETX»  LHI KYFIFD™ /FOINT AT KYFIFD /THIS SUBROUTINE TRANSLATES A REG TO OUTFUT MODE
024 /COMPUTE THE DISPLACEMENT IN ASCTAB
22 271 046 LLI KYFIFO 23 040 056 XLATERs LHI ASCTAB™~ /POINT AT ASCTAR
305 020
22 273 310 LRA /CHAR TO B REG 23 042 064 LLI ASCTAR
22 274 026 LCI BUFSKY /BUFFER S5IZE TO C REG 225
377 23 044 277  THISIT, CPH /18 THIS THE CHAR?
22 276 104 CAL ENTPAK /PUT CHAR IN BUFFER 23 045 150 JTz CONVT /GO CONVERT THE CHAR
367 074
020 023
22 301 112 CFZ WHOOF  /IF QVERFLOW: TELL THE USER 23 0S50 106 CAL INCLH  /TRY NEXT CHAR
305 046
021 021
/FALL THROUGH ANLI RETURN IN NEX) KOUTINE 23 053 310 LBA /SAVE THE CHAR IN B REG TEMFORARILY
23 054 006 LAI ASCEND™ /GET HIGH LIMIT TO A FOR COMFARE
020
23 056 275 CFH /FAST END OF TAFLE?
23 057 140 JTC NTFUND  /PAST END OF TABLE AND NO MATCH
122
023
23 062 006 LAI ASCEND /GET LOW LIMIT TO A FOR COMFARE
/FUT CHAR IN PRINTER FIFQ FROM B REG 305
/RETURNS WITH A REG =0 IF NO FRROK» =ERCHAR IF ERKOR 23 064 276 CPL /PAST ENI' OF TABLE?
22 304 056 PFAKr  LHI PNFIFO™ /PDINT AT PNFIFD 23 065 140 J7C NTFUND /PAST END OF TABLE AND NO MATCH
025 122
22 306 066 LLI PNFIFO 023
304 /IF HEREs STILL IN TABLE. TRY CONTENTS AGAIN.
22 310 026 LerI BUFSPN /BUFFER SIZE 7O C REG 23 070 301 LAB /RETURN CHAR TD A REG
060 23 071 104 JHF THISIT /LOOF FOR NEXT TABLE ENTRY CHECR
22 312 106 cAL ENTPAK /PUT CHAR IN FIFO 044
367 023
020 23 074 006 CONVTr LAI MORTAB /COMPUTE REL DISFLACEMENT LOW
22 315 007 RET 306
JENDI OF THE KEYBOARD HANULER TASK 23 076 024 suI ASCTAR
25
23 100 100 JFE oK1
104
023
/PRINTER HANDLER SUBROUTINE TASK 23 103 051 DCH /HANDLE THE BORROW
22 316 103 PNTR»  STATUS /GET THE FRINTER STATUS 23 104 206  OKi, ApL /ADD IN THE LOW FOINTER
22 317 044 NDI 20 /MASK FOR TRMT 23 105 100 JFC a2
020 111
22 321 053 RTZ /IF BUSY, TRY SOMETHING ELSE 023
22 322 0Sé LHI TWIDTH™ /FIND PRINT FOSITION 23 110 0S0 INH /HANDLE THE CARRY
024 23 111 380  OK2, LLA /L IS NOW POINTING IN THE OUTPUT TABLE
22 324 066 LLI TWIDTH 23 112 004 LAI MORTAB~ /COMPUTE RELATIVE DISPLACEMENT HIGH
276 020
22 326 250 XRA /CLEAR THE A REG 23 114 034 SB1 ASCTAR™
22 327 207 ADM /COUNT TO FLGS AND A REG 020
22 330 110 JFZ FRT2 /NO LINE OVERFLOW 23 116 205 ADH /ADD IN THE HIGH POINTER
347 23 117 350 LHA /H NOW POINTS IN THE DUTFUT TABLE
022 23 120 307 LaM /REPLACEMENT CHAR TO A REG
22 333 006 LAI cR /LINE OVERFLOW, FIX 1T 23 121 007 RET /CODE IN A REG RETURN
015 23 122 006  NTFUNDs LAI 200 /CHAR NDT FOUND LOAD OUT A 200
22 335 121 PRINT 200
22 336 106 caL WAITMT /WAIT FOR TEMT 23 124 007 RET /ERROR RETURN
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23

23

23
23

23
23
23

23

23

23

23
23

23

23

125

127
130

142
143

147
150

141
162
165

167
170

173
174

234
235
236
237

242
243
245

264
2647
270

272

275

277

302
303

306

311

074
377
022
100
127
023

074

007
056

023

301

225

020

007

021

106

342

106
040
023
330
074
200
110
311
023

036
006
106
o233
021
031
110
277
023
104
342
023
074
200

/THIS SUBROUTINE TRANSLATES A REG TO PRINT MODE

XLAT»

XLAT1»

THIS»

MCONVT,

MOK1 »

MOKZ

NTFNDy

OTPUT,»

OTERR»

OTPUTL

SPACE

GOODCH»

CPI

RAL
JFC

/IF
(523 ¢

JFZ

LAl
RET
LHI
LLT

CFH
Niyd

LEA
LAI

CFH
Jrc

CFL
JTC

/IF
LAK
JHF

LAL

SuUI

OCH
ADL
JFC

INH
LLA
LAl

SRI

ADH
LHA
LAM
RET
LAI

RET

377

-1

A REG CONTAI
0

XLAT1

LELSY#M

HORTAB"™

MORTAR

MCONVT

INCLH

MOREND™

NTFENI

MOREND

NTENDO

HERE» STILL

THIS

ASCTAR
HORTAR

MON L

MOR2

ASCTAER™

MORTAER™

BLANK

/SET C FLG (GUARD BIT)

/ROTATE

/IF NO LEFT GUARDe LOOF

NS A 000+
/SET FLGS

ERROR CHAR WAS SEEN. ..

/NOT ERROR» TRANSLATE

/SET UF FOR DELETE SYMEOL

ZEXIT
/POINT AT MORTAE

/18 THIS THE CHAR?
/YESs GO CONVERT THE CHAR

/TRY NEXT CHAR

/SAVE CHAR IN R REL TEMF

/GET HIGH LIMIT TO A FOR COMFARE
/FAST END OF TARLE™

/YESs WITH NO MATCH

/GET LOW LLIMIT TO A FDR COMHARE

/FAST ENUI OF TARLE?
/YESy NO MATCH
1N TAHLE. TRY CONTENTS AGAIN

/RETURN CHAR TO A REG
/LO0F FOR NEXT TAELE ENTRY CHECK

/COMFUTE REL DISFLACEMENT LOW

/HANDLE THE BORROW

/A00 IN THE LOW FOINTER

/HANLLE THE CARRY
/L I8 NOW FOINTING IN DUTFUT TAELE

/COMFUTE RELATIVE UISFLACEMENT HIGH

ZADD IN THE HIGH FOINTER

/H NOW FDINTS IN THE OUTFUT TARLE
/REFLACEMENT CHAR TO A REG

/ASCI1 CODE IN A REG RETURN

/CHAR NOT FOUNDy LOAD QUT A SFALE

/ERROR RETURN

/SUEBROUTINE TASK TO OUTFUT CODE

LHI
LLx
XRA
ADM

RTZ
cAL

LaM
CFI

JFZ

LBI

CAL

ncon
JFZ

JIMF

caL

LDA

CFI

JFZ

/IF

Lnr

caL

DCOD
JFZ

JHP

CPI

OTFIFO™

OTFIFO

INCLH

DELETE

OTFUT1

pot

OTERRK

OUTEND

XLATER

200

GOODCH

/FOINT AT STACK

/CLEAR THE A REG

/CHAR COUNT TO A AND FLGS
/NEXT TASK», IF NOTHING TO IO
/FOINT AT THE DATA

/CHARACTER TO A REG
/ERROR CHARACTER?

/NOy GO TRANSLATE
/YESy» DM 8 DOTS
/1 BOT

/-1 THE COUNT
/NOT DONE....[O0 IT AGAIN

/DONE, POF AND EXIT

/TRANSLATE

/SAVE THE CHAR IN [ REG
/18 IT A BAD CHAR (DR A SFACE)?

/CHAR OK» S0 DO IT UF RIGHT

HERE GENERATE A CHARACTER SFACE

TICK

SFACE

OUTEND

200

/SET UF FOR 7 UNITS DELAY(UNITS-1)

/WATY ONE UNIT

/DECREMENT THE UNIT COUNTER
/LOOF UNTIL DONE

/1F A=200 THEN DONE
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23

23
23
23
23

24

313

316

332
433

335

336
337

364

367

372
373

376

001

002

004

011

013
014

016

024
025

027
031
033

034
035

037
040

042
044
0448
050

052

057
061
063
044
065
064
067

071

074

150

066

007

056

347
106

310
026
060
106

007

105
044
001
013
056
024
066
304
076
001
056
024
046
303
076
000
106
107
021
054
024
066
303
317
010
371
105
044
001
150

024

046
000

JdTz OUTEND
JFC DSH
cAL nor
JME OTLOOF
OSH» CAL DASH
OTLODF, LA
NDT 177
RLC
LDA
JMF GOONCH
QUTEND» CAL TICK
caL TICK
/8ET UF
LLI DTFIFO
LHI OTFIFO™
CAL FOF
RET
ZEND
/KEYROARD LECODE
IDLEs  LHI KRYFIFO™
LLT KYFIFO
XRA
ADM
RTZ
CAL INCLH
LEH
caL OCRLH
cAL FOF
LAE
CF1 ESC
JTZ IDLE1
LHI OTFIFD"
LL1 OTFIFQ
LBA
LCI BUFOUT
cAL ENTPAK
CFZ WHOOP
RET
IDLEly LKHI CMMND™
Ll CHMNI
LHI 1
RET

/DONE !

/00T OR DASHT
/YES A [OT: SO KEY OUT A DOT
/NEXT SYMEOL
/MUST RE A DASHr S0 KEY A DASH
/BET THE CHAR RACK 7O THE A REG
/THRDW OUT THE USED BIY

/ROTATE IN AN UNUSED BIT
/SAVE THE NEW IMAGE IN D
/L0O0OF FOR OTHER SYMEDLS

/INTER LETTER SFACE

TO FOF THE STACK

OF THE QUTFUT ENCORED

/FOINT AT STACK

/FOF THE STACK

/NEXT TASK
ORIVE TASK SURROUTINE

R FOR NON COMMANL MDDE

/FOINT AT THAR COUNT

/CLEAR THE A REG

/CHAR COUNT TQ A REG

/BUFFER EMFTY: TRY SOMETHING ELSE
/FOINT AT CHAR

/SAVE CHAR IN E REG TEMF
/FOINT AT START OF BUFFER

/FOF THE CHAR OFF THE HUFFER

/LCHAR TO A REG
/18 IT AN ESC?

/YES

/0UTFUT IN CODE
/SET UFP FOR ENTFAK

/DATA IN B KEG

/SI1ZE IN C REG

/BUFFER FULL» TELL USER

/DIONE

/SET FOR COMMANDI MODE

/MODE=1

/SUBROUTINE TO SERVICE MORSE COLE INFUT

INFENI,

INTIHE,

INSENS»

SENSE
NDI

RFZ
LHI

LLY
LMI
LHI
LLI
LMI

caL

LHI
LLt

LBM
INB
LMR
SENSE
NDI

47z

/IF HERE»

LEI

1

INCHAR™
INCHAR
1
TIMER™

TIMER

TICKI

TIMER™

TIMER

1

INSENS

[]

/GET CODE INFUT LINE
/WE USE THE LSE

/NOTHING FENDING» EXIT
/FOINT AT HOLDING REG

/SET UF TQ SHIFT IN MORSE

/FDINT AT TIMER REG

/INITIALIZE FOR TIME=Q

/WAIT FOR PART OF A BAUD (1/8)

/UPDATE TIMER

/41

/TIMER+1
/KEY LOWN?

/WAIT FOR KEY UP

KEY IS NDW UF

/SET E=0 FOR DOT¢

FIX LATER IF DASH






24
24

076
077

24 101

106

111
113

115
116

131
133

24 135
24 1346

140
143
144

146

140
24
24
24

162
143
164
24 166
24 167
170
172
174
176

201
202

24

24
24

24

24

24

24 251

24 254
24 256

24 260
24 261

24 263

304
074
020
100
131
024

074
oo}
100
156
024
056
024
046
302
307
074
002
140
156
024
034
001
370
104
156
024

056

056
024

370

056
024
066
303
076
000
106
107
021
105
044
001
150
046
024
056
024
066
303
317
010
371
301
074
377
110
235
024
016
012
1064
304
022
104
304
022
007
074

247

074
024
176
024
056
024
066
304
307
076
001
106
125
023

INDASH»

OKDASH s

INFOKs

UFTIME,

NOTEOM»

ENDLET,

MPAK Sy

LaB /TIMER TO A REG (BX# OF BAUID 24

CFI 20 24

JFC INDASH /IF DASHs, SERVICE DASH "

/SEE IF CLOCK MUCH TOO SLOW FOR DOT

CPI 6 /SHOULD HE A 10 IDEAL

JFC INFDK /CLOCK IS GOOD ENDUGH

LHI BAUDI™ /NOT GODD ENOUGH: FIX WFM CONSTANT

LLI RAUNT

LAM ZUFM TO A

CFI 2 /WFM TOD LOW TO TRACK?

J7c INFOK  /DON’T TRY TO FIXr ALREADY 700 FAST

SEI 1 /-1

LHA /EAUDI-1

JMF INFOR
24
24
24
24

/IF HERE: SYMEOL IS DASHs UFDATE EAURI FOR TRACKING 24

LHI EAURI~  /FOINT AT INFUT WFH 24
24

LLI RAUDT 24

LAR /GET TIMER TO A REG AGAIN

CFI 34 /CLOCK TOOD FAST? 24

JTe OKDIASH  /NO.

LAK /YES 25

CFI 376 /TIMER REALLY TOO TOO SLOW?

JFC OKDASH /YES: EAIL OUT!
25

aDI 1 /1

LMA /BAUDE+1 26

LEI 1 /8ET E=1 FOR DASH

LHI INCHAR™ /FDINT AT CHAR HOLDING REG

LLI INCHAR

LAM /GET FARTIAL CHAR TO A REG

RAL /SHIFT UF ONE BIT

NBI 376 /JUNK THE OLI' CARRY EIT

ORE /BRING IN NEW SYMEOL FROM E REG

LHA /NEW PARTIAL CHAR TD INCHAR

/TIME THE INTERSFACE TO FIND WHAT TYFE IT IS.

LHI TIMER™ /RESET THE TIMER

LLI TIMER

LMI 0 /TIMER RESET

caL TICKI  /DELAY 1/8 OF A BAUD TIME

SENSE /BET THE KEY STATUS

NDI 1

Jrz INTIME /KEY DOWNs GET NEXT SYMEOL

LHI TIMER™ /UPDATE THE TIME

LLI TIMER

LBM

INB /+1

LKB /TIMER+1

LAR /GET TIMER TO A FOR COMFARE

CFI 377 /END OF MESSAGE?

JFZ NOTEOM /KEEP LOOPING,

LBI LF /END' OF MESSAGEs» CR-LF-CR-LF

caL FPAK

CAL PFAK

RET ZEXIT TO HMAINLINE

CPI 40 /END OF WORD?

JFZ ENDLET /NO.

LaI 1 /YES, DUTFUT A SFACE

JHF MPAK /B0 IT OUT RIGHT.

CPI 24 /END OF LETTER?

JFZ UPTIME /NOy KEEP TIMING THE UF TIME

LHI INCHAR™ /PDINT AT HOLDING REG

LLI INCHAR

LAM /MORSE FROM HOLDING REG TO A REG

LMI 1 /RESET THE HOLDING REG FOR NEXT CHAR

cAL XLAT /ASCII TO A EQUIV OF MORSE

68

275
276
277
300
301
302
303
304

364

044

/X¥KKANYTHING REFORE THIS

LEBA
cAaL FPAK
JMF UFTIME

/SET UP FOR FPAK
/PRINT THE CHARACTER

/KEEF TIMING THE UF TIME

FOINT CAN BE IN FROMRXX

/RKKEVERYTHING AFTER THIS FOINT MUST EE IN RAMXKX

310

106

304

022

104

176

024

000  CMMNIy

000 TWIDTH,

000  MSSCNT,

000 SOH»

000  BAUDY

000  BAUNT,

000  TIMER.

000  INCHAR,

000  KYFIFD,

000  FNFIFO,

000  OTFIFQy

000  MSSGEF,
ASCEND 20
ASCTAB 20
BAUD 24
BAUDI 24
BLANK oo
BUFOUT 00
BUFSKY 00
BUFSPN 00
[ 00
CLRMD 22
CHMND 24
CHMNDR 21
CONVT 23
CR 00
DASH 21
DCRLH 21
DEL 23
BELETE 00
DELSYH 00
DMPSUB 21
pOT 21
DSH 23
ENDLET 24
ENTPAK 20
ERCHAR 00
ERROFL 21
ESC o0
ESCSYN 00
ETX 00
FINDOT 21
GOODCH 23
IDLE 23
IDLE1 24
INCHAR 24
INCLR 21
INCRLF 23
INDASH 24
INPEND 24
INPOK 24
INSENS 24
INTIME 24
KYBD 22
KYFIFO 24
L 00
LDNXT 21
LDNXT1 21
LDNXT2 21
LF 00
MCONVT 23
MOK 1 23
MOK2 23
MOREND 20
MORTAB 20
HPAK 24
M36SZ 00
MSSCNT 24
NSSGBF 24
NETX 22

DATA
nATA
TATA
IATA
nATA
DATA
DATA
LATA

cooc000SCC

HLT

¥KYFIFD+RUFSRY
HLT

KFNFIFQ+BUFSFEN
HLT

¥OTFIFD+BUFOUT
HLT

305
225
301
302
040

377
060
103
153
275
150
074
015
1246
052

177
134
333
120
327
247

007
011
175
044
003
137
311
360
025
304
044
031
131
034

054
046
227

114
224
232
272
012
177
207
214
346
304
263
327
277
044
267

/0=NORMAL MOLEr» OTHERWISE COMMAND HOIE
/WHEN BYTE IS ZEROy GENERATE A CR/LF
/TEMF CHARACTER COUNT FOR MESSAGE LUMF
/SURHODE FOR DMFSUR O=FRINT 1=SENI
/WFM CONSTANT (SEE HEADING ON FROGRAH)
ZINFUT WFH VALUE (GETS MODIFIEDD

/TIME BAUD X8 (10 OCTAL) COUNTER

/INFUT CHAR HOLLING REG

/INFUT BUFFER

/FRINTER BUFFER

/OUTFUT BUFFER FOR CDDE

/MESSAGE BUFFER
NOTEOM 24 235
NTFND 23 225
NTFUND 23 122
NXTPNT 22 361
oK 21 006
OKDASH 24 154
oK1 23 104
oK2 23 111
OTERR 23 252
OTFIFD 25 364
OTLOOP 23 332
oTPUT 23 230
OTPUT1 23 264
OUTEND 23 342
P 00 120
PNFIFOD 25 304
PNTR 22 314
PNTL 23 027
POP 21 014
POPLOP 21 023
POPY 21 036
PPAK 22 304
PRT 21 317
PRT1 21 341
PRT2 22 347
PR2 22 004
PR3 22 035
PR4 21 372
QUEST 00 077
RESTRT 20 172
s 00 123
SNDNX 22 040
SOH 24 300
SOH1 22 024
SPACE 23 277
STRT 20 120
STRT1 20 140
T 00 124
TEST 22 074
TEST1 22 120
THIS 23 147
THISIT 23 044
TICK 21 041
TIEKI 21 107
TIMER 24 303
TWIDTH 24 276
UNPAK 22 144
UPARRD 00 134
UPTIME 24 176
u 00 127
WAITHT 22 220
WAITL 21 070
WAIT2 21 067
WHOOP 21 305
WIDTH 00 110
WPH 22 133
XLAT 23 125
XLATER 23 040
XLAT1 23 143






Figure 5: The input circuit
used by the author in de-
veloping the Morse code

. . . . 3.2/80 TO 50080
interpreter.  This circuit

741

MINI DIP D664 7404

; : BLUE p664 SILICON
works but Is not opt/fﬁg/. AUDIO (5 2IGNAL
The operational amplifier DIODES
saturates if any AC signal

BLACK

is present on the input to
the bridge rectifier, so the $5e00
frequency selectivity of
this circuit is virtually non-

; o i ARCHER 273-138I
existent (ie: all stations ARCHER 27313
heard in the pass band of

/77YELLOW  BLUE

your receiver will be logi- + 15V

cally “ORed” leading to
garbled copy if you oper-
ate in a crowded band).

Some Thoughts on Improvements and
Adaptations

The Morse code interpreter described here has
been implemented and used by the author. As in
any design, there is room for improvement and
expansions of the capacity of the program. Here
are some suggestions:

¢ Design a good input filter to pick up audio
and output digital (phase locked loop?). See
figure 6.

o Add multiple message buffers.

o Use multiple precision arithmetic to provide
a larger message buffer.

e Modify the program for RTTY (Replace
Morse table with Baudot table, add single
byte flag to keep track of FIGS vs LTRS
modes).

e Wire 6.3 VAC at 60 Hz into the DEC
M7346 module and write a real time clock
routine to keep track of time of day.

For individuals with 8080 processors, or the new
Z-80, the source code for this Morse code inter-
preter (see listing 2) can be translated on a one to
one basis into code for these newer computers.
Such code will work without major changes, but
will not make optimal use of the expanded
instruction sets.

+I15V +5V

f
s 0

3 8
INPUT iﬂ'— NE567 SINGLE BIT

CODE
(DIGITAL)

INPUT PORT

CODE ca

{ANALOG TONE BURST)
ts 6 /J: Ji ' Ra
[
bqall c2
‘D

—

Figure 6: A suggested selective input filter for better performance. This
circuit is adapted from the Signetics Catalog, page 6-97. The design equations
are shown. The phase lock loop “latches up” when the signal is detected in
the filter’s band, typically after several tens of cycles. C3 determines the time
taken for the filter to detect this condition. The time taken to unlatch after
the signal disappears is determined by R2 and C4, with some effects from C3.

70

6 2200

(COMPUTER

INPUT)
7404 POWER
+5V =14
GND=7

~THRESHOLD

ADJUST INA733

SV
ZENER

-5V

Text continued from page 56

used since they are all driven in the same
sequence). In both of the above cases the
keying sense for input and output is a TTL
low level for a ‘“key down” condition
(“mark”) and a TTL high level for a “‘key

up” condition (*‘space”).

This program has been tested on a starter
set and has successfully operated in both
PROM and programmable memory. When
used in programmable memory, it should be
noted that a DEC M7344YB (or an extra
1K of programmable memory over the
starter set M7344YA) is the minimum
memory requirement. When the program is
assembled and programmed into PROM,
approximately 4 1/2 EROMs (1702A) are
required.

Experience to Date

The program has been tested in gene-
rating Morse code over the speed range of
7.2 wpm to 120 wpm and appears to
function properly. The program has been
tested in receiving Morse code over the speed
range of 7.2 wpm to 96 wpm: up to about
63 wpm the decoding function is fairly
acceptable; at 89 wpm the number of
erroneous characters is considered to be
unacceptable by the author in this particular
test. It is the author’s opinion that the error
rate at the higher code input speeds is
probably related to the design of a particular
input processing circuit that was used (see
figure 5). In general, a phase locked loop, or
a similar highly selective decoding scheme,
would be useful, particularly to an amateur
radio operator working the crowded bands
of a field day type event. One such circuit is
illustrated in figure 6. This would provide
the amateur with a printout of communica-
tions in both directions from the station
operating. In fact, with sufficient comment
being transmitted to and from the stations
involved, the printout from a hard copy
terminal would provide a log for the field
day events.m






Make aGiant of }

3P+S Input/Output Module

Our 3P+5is a simple inexpensive answer
to handling a variety of peripheral devices.
It has two 8-bit parallel I/O ports, with full
handshaking logic. Plus, it has a serial 1/O
port, with a data rate range from 35 to
Q600 Baud. Simultaneously handle a paper
tape reader, a keyboard, a TV terminal, a
tape punch, and a telephone coupler!
Available with premium grade low-profile
IC sockets, $149. Owner's Manual, $4.95#

ALS-8 AssemblyLanguage
Operating System
Just turn on the switch, and instantly you
have the power to write, edit, assemble,
de-bug, and run your own programs.
The ALS-8 is the most useful software
development fool available today. Optional
firmware includes SIM-1, an interpretive
simulator, that simulates programs without
running them in real time. Thus, errors
encountered during testing do not endanger
your entire system. The TXT-2 firmware adds
the dimension of text editing. Insert, delete,
move enfire lines or single characters, and
much more! ALS-8 (assembled only), $425.
SIM-1, $95. TXT-2, $95.

VDM Video Display Module
If you're setting up just the system you really
want, don't fall short by limiting its com-
municating ability. The VDM-1 is an ultra-
high speed video output device. Its 16 display
lines have 64 characters each, upper and
lower case. 1024 bytes of random access
memory are on the card. It scrolls up or
down, even to 2000 lines per minute! Any
combination of the 1024 cursors can be
displayed as black-on-white or vice versa.
Free terminal mode software is included,
along with premium grade, low-profile
IC sockets. $199. Owner's Manual, $4.95*

8KRA Static MemoryModule
We now offer a low-power static memory
module, with a full 8192 bytes of memory.

It has an exclusive KSET™ address selection
DIP switch, so you can conveniently set
address boundaries in increments of 1K.

Our low-power RAM’s typically require one-
third less power than those commonly used
by our competitors. They'll even retain
memory for 4-5 hours when powered by
fwo "D" flashlight cells. On-board recharging
circuitry and batftery connectors make it
possible fo protect your dafa against sudden
power loss. Each RAM has its own IC socket,
tfoo, for easier assembly and repair. $295.
Owner's Manual, $4.95%

2KRO EPROM Module
The 2KRO Read Only Memory will accept
up to eight 1702A or 5203 EPROM'’s (not
included), providing 2048 eight-bit words
of non-volatile storage for monitor,
executive, loader and other programs.
Programming services available from your
dealer or write us for details. $65.
Owner's Manual, $4.95%*

4KRA Static Module
The 4KRA (4096 bytes) was our first static
memory module. It's still very popular, and
uses the same low-power static RAM's as the
8KRA. Plus, we've added a DIP switch, and
every RAM now has its own premium grade,
low profile IC socket. On-board recharging
circuitry (with batfery backup) makes it
possible to retain memory for 8-10 hours
during power failure. $159.
Owner's Manual, $4.95*

MB-1 MotherBoard
Our single piece Mother Board for the Altair 8800
gives you 16-card capacity in one single installation.
Available with 12 (MB-12) or 16 (MB-1) slots. $70.
(Discontinued; limited to stock on hand.)

WireWrapBoard
Do your own wire wrap prototyping with the WWB

Wire Wrap Board. Up to 62 16-pin sockets or various
combinafions of 14, 16, 24 and 40-pin sockets. $40.

EXB ExtenderBoard

The EXB Extender Board allows accessibility in servicing
any 8080-compatible module. $35.

*Fully descriptive Owner's Manual available
separately. Price refundable with purchase of kit.












Listing 1: Standard Input/Output Routines. The standard routines CAENTR,
CAFTCH, and RDY are presented here in the Intellec 8 Mod 80 assembly
language format. The hexadecimal address and object code is listed at the left,
with symbolic assembly code at the right. CAENTR moves a command code
to the calculator from DIN. CAFTCH reads the current calculator output to
DOUT. RDY delays return until the calculator ready state is indicated, thus
syncronizing a fast 8 bit central processor with a slow calculator, Prior to
using the interface and calculator routines shown in this article, the stack
pointer must be set to point to some area of programmable memory which is

not in use.

el2e

8121

B122

@123

Al25
a128
2128
@gl12c
@12p
@12E
3130
2132
3133
8135
3138
2139
813A
213cC

FS
CD5201
AF

2F
D303
3ABDG1
F6CQ
2F
D303

co

FS

CcS

ES
060C
2121921
cD52@1

AF
2F
D323
3ECB

D323
CD52481
AF

2F
D3B3
3JE8D

DIN
DouT
PIN
POUT
CAENTR:

CAFTCH:

LOOP1:

JMATHEMATICAL FUNCTION UNIT
$STANDARD INPUT/OUTPUT ROUTINES

’

320 KA A AR KK O K KK K O K R K
JNOTE: ALL INPUT AND OUTPUT DATA
;1S COMPLEMENTEDL BY HARDWARE ANU 1S
JRE-COMPLEMENTED oY SOFTWARE FOR
3THIS REASON.

32000 o KR K R R K K RO K K KRR

r

JMFU LOAD PROGRAM
’

sPROGRAM DESCRIPTICN:

;PROGRAM TRANSMITS DATA AT LOC °UIN'
iTO MFU INPUT PORT

32 BYTES OF STACK SPACE UStcu

JNG REGISTERS AFFRCTED oY SUsROUTINE
ORG B10EH

(CAENTR)

EQU P12DH

EQU 2121H

EQU 23 JPORT IN

EQU 23 3PORT OUT

PUSH PSW sSAVE REG. A

CALL RDY JTEST FOR REALY
XRa A 3ZERO REG. A

CMA 5 xx%x SEE NOTE =%
ouT POUT s TOGGLE MFU

LDa DIN JGET CODE

OR1 @C3H 3FORCE "l IXXXXXX"*
CMA 5 =x%x SEE NOTE x%x
ouT POUT JSENU CUDE

POP PSW JRESTORE HiG. A

RET s RETURN
JMFU RETRIEVE PROGRAM

’

sPROGRAM DESCRIPTION:
JDIGITS 1(L3SD)> THROUGH 12(NM5w)

JARE LOADED INTO MEMORY STARTING

5AT LOC *DoOUT'. THE INFORMATION

;1S OF THE FORM "ROPSBbbs" WHERE:
JR=READY BIT, P=DECIMAL POINT
JO0=0VERFLOW, 5=S1GN, 8888=sCD DIGIT.
36 BYTES OF STACK USED.

JNO REGISTERS AFFECTED bY SUsROUTINE.

(CAFTCH)

PUSH Psu 3S5AVE A & PSV

PUSH B JSAVE b & C

PUSH H JSAVE H & L

MV1I B,@CH 3LOAD 12 IN REGs o
LXI H,DOUT LOAD ADDR. OF S5AVE AREA
CALL RDY JTEST FOR READY

D1 3DISABLE INTERRUPTS
XRA A 3ZERO REG. A

CMA 3 *x»x SEE NOTE =*xx
ouT POUT 5 TOGGLE MFU

MV A,QCBH JDISPLAY RESTORE KLY
CMA 3 xxx SEE NOTE =*w»x
ouT POUT 3SEND CODE

CALL RDY 3TEST FOR REALY

XRA A 3ZERO REG. A

CMA 5 xxx SEE NOTE =»%x
ouT POUT 3TOGGLE MFU

MV1 A,8B0H SET TOGGLE BIT
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associated with the transfer to compensate
for the inversion.

The calculator command code to be sent
to the Mathematical Function Unit is passed
to the CAENTR routine in memory location
DIN. This command code is combined with
the bit pattern 11000000 using the ORI
operation at address 0119. This forces both
the X and Y control bits of the computer
output port to be in a high state. The X line
high starts the Mathematical Function Unit
load sequence, and the Y line in a high state
indicates that data is to be loaded into the
calculator from the computer’s port. The
low order bits contain the bit pattern of the
calculator key selection taken from table 1
on page 31 of September 1976 BYTE.
Finally, the CAENTR routine restores the
saved contents of the A register and returns
to the calling routine,

In using the calculator interface, the
procedure is quite simple: Set up a calcu-
lator control code from that table in the
location DIN (hexadecimal 010D in this
case) and then CALL CAENTR. One com-
mand to the calculator is transferred for
each such CAENTR call.

Calculator Fetch Routine

The Mathematical Function Unit read
routine, called CAFTCH (for CAlculator
FeTCH) is responsible for controlling the
transfer of data from the unit into the
computer’s memory.

This routine transfers all 12 digit posi-
tions of the calculator chip’s output number
into 12 sequential locations of the com-
puter’s memory starting at location DOUT,
shown at location 0101 hexadecimal in
listing 1. CAFTCH begins by saving the
processor status. Then the subroutine RDY
is called to delay until the calculator is ready
for data transfer.

When the Mathematical Function Unit is
ready, return from RDY is followed by
disabling of interrupts with the DI instruc-
tion, so that complete transfer of all 12
bytes of calculator display output can occur
without interruption. The calculator’s “‘dis-
play restore” command [see table 1, page
31, BYTE September 1976] of OB hexa-
decimal is then sent, in the form of the code
CB (logical sum of OB and CO0). This insures
that the Mathematical Function Unit output
will be valid prior to reading the data into 12
bytes of memory. After another CALL RDY
wait, the program enters a loop extending
from address 0138 hexadecimal to 014A.
This loop transfers 12 output digits in
sequence into 12 consecutive memory loca-
tions starting at the location DOUT. (The
initial address was set up by the LXI H at



location 0125.) During this loop, the Y
control line, bit 6 of the computer output
port, is left at a logic O level. The X line, bit
7 of the computer output port, is toggled by
the instructions at locations 0138 to 013F,
setting up the next output transfer from the
calculation. After waiting for the ready
condition, the data is transferred into the
computer at location 0144 with an IN PIN
instruction, addressing the input port of the
computer. The byte is then saved in memo-
ry, and the index register provided by the
HL pair is incremented. A loop counter in
register B is decremented, and if the loop is
not completed, reiteration continues. After
all 12 digits have thus been transferred, the
interrupts are reenabled and the registers are
restored prior to return,

The format of data recovered from the
calculator in this transfer process was given
in figure 2a found on page 27 of last
month’s BYTE. The offsets in memory for
each byte of the data format were given in
figure 2a.

Calculator Ready Routine

The subroutine called RDY is the final
component of the basic set of interface
driver software. This program is found at
addresses 0152 to 015A of listing 1, and is a
simple procedure to input from the com-
puter input port (symbolically PIN, absolute
value 3 in this case), and test the ready bit,
bit 7 of the input pattern. If the ready state
is indicated, the subroutine returns, other-
wise it keeps reiterating. This routine is used
by both CAENTR and CAFTCH.

If the interrupt structure is being imple-
mented, this routine could return control to
the operating system, or other programs in
memory, allowing them to execute until
being interrupted by the ready state of the
Mathematical Function Unit.

Alignment Procedures

The three variable resistors, RS, R6, and
R7 adjust the length of the following timing
pulses:

R5 300 us Set Not-Ready delay
R6 50ms Key Pressed delay
R7 50 ms Key Released delay

The use of three short timing loop pro-
grams, with the aid of an oscilloscope, allow
these delays to be set. The programs are
found in listing 2 and assume a 2 us cycle
time. Adjustments should be made if your
8080 processor runs at a different speed.

The 300 us pulse can be set by con-
necting the scope probe to pin 13 of IC 1a
while executing the 1 ms delay routine,

Listing 1, continued:

B13E 2F CMA 5 *xx SEE NOTE x*xx*x
Q13F D333 ouT POUT 5 SEND COUE
Alal CcD5291 CALL ROY 3TEST FOR REALY
2144 DBB3 IN PIN 3GET COLE
@146 2F CMA 3 =xx% SEE NOTE *xx
2147 717 MOV MsA 3SAVE DIGIT
2148 23 INX H JINCR H & L
3149 @5 UCR =} JDECREMENT B8
214A C23821 JNZ LOOP1 JCHECK FOR DONE
314D FB El s ENABLE INTERRUPTS
@14E E! POP H SJRESTORE H & L
a14F C1 POP B JRESTORE B & C
2158 F1 POP PSW JRESTORE A & PSVW
2151 C9 RET 3 RETURN
’
JREADY SUBROQUTINE
5 THIS SUBROUTINE, WHEN CALLED
JRETURNS TC CALLING ROUTINE ONLY
JWHEN MFU 1S IN THE REALY STATE.
@152 DB@3 RDY: IN PIN 3GET MFU INFO
3154 2F CcMA 3 %% SEE NOTE »x»x
3155 E689 ANI B8&AH 3GET REALY olIT
@157 CAS2a1 Jz RDY ;s JUMP NOT READY
@15A C9 RET 5 RETURN
2008 END

Listing 2: Alignment of the oneshots in this circuit is accomplished using
timing loop programs which repeatedly toggle certain aspects of the interface.
This listing shows three such timing loops, DIMS, D70MS and D140MS.

JALIGNMENT ROUTINLS
sles T84, AN 143 MS. UELAY ROUTINLS
FFOR COMPUTER CYULE TIME OF 2 US.

»

2009 ORG 280H JSTARTING AvwARrSS FOR | NS
7232 CvdBA4 UIMSe CALL OUTPUT ; OUTPUT STHRATING SceQ.
3233 267C M1 8, TCH JSET FOR 1 MS. UELAY
22925 a5 TLOOP: DGR o
1236 C20582 JNZ TLGOP
2239 C30202 JVP vilrs
’

223C ORG 398H iSTARTING HUURESS FUs T MS
3329 CLuoBA4 v78MS:  CALL QUTPUT
A333 2623 MVl 8,35 JSET FUR 70 M5. ULRLAY
3335 Culeva CaLlL VELAY
4338 (343223 JIMP DT7INS s ReP AT

’
3338 ORG 4YdH 3STARTING AwLRESS FUik 140 M3
2433 CDIBA4 D14BMS: CALL QUTPUT
3433 d644 MV1 5,68 5S5eT FOR 144 M3. wELAY
3485 CDL1624 CALL DELAY
34938 (C38294 JMP D142MS  SREPEAT

5 SU3BROUTINES
3438 3ETF QUTPUT: MVI Ay,Q7FR 3SET X LINz LOW
343D 2F CMA 5 INVERT FOR OUTPUT
J43E D323 ouT 23
@413 3EFF MVI A,QFFH 3S8ET X LINe HIGR
3412 2F crA JIMVERT FOR QUTPUT
3413 D323 ouT 23
a415 C9 RET SRETURN
3416 3C LELAY: INR A
3417 C216084 JNZ LELAY 3 xuELAYx
3ala 35 DCR B ; =LOUP=x
2418 C21634 JhZ UELARY
J41E C9 RET sRETURN
B339 END

D1MS. The scope’s time base should be set
at 50 us per division and R5 adjusted until
the pulse length is six divisions long. This
pulse length is not at all critical and does not
require exact setting,

The key pressed delay must be approx-
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Listing 3: CALCULA, a Calculator Simulator. CALCULA demonstrates the
use of the Mathematical Function Unit in an application program. The
purpose of CALCULA is to drive the calculator interface as a printing
calculator, interpreting ASCII codes from a keyboard as the key strokes on a
typical hand calculator. The output of the calculator is displayed after every
return operation. The original CALCULA was run with a Teletype for input

imately 40 ms long for the MPS 7529-103
Calculator Chip and is set using the 70 ms
program loop, D70MS. With the scope’s
input connected to pin 5 of IC 1b and the
time base set for 10 ms per division, R6
should be adjusted for five divisions (50 ms).

and output, This allows an extra 10 ms from the required
40 ms minimum for assurance that the data
SMFU-CALCULATOR SIMULATOR will be received in worst case situations.
5TTY KLYBOARD SIMULATES The key released delay can be set using
#A HAND HELD CALCULATOR. the 140 ms delay loop, D140MS. Since the
2 .
F KK MR R I KR KKK KK 50 ms key released delay does not start until
5NOTE: ALL INPUT AND OUTPUT wATa after the 50 ms key pressed delay, the end of
1S COMPLEMENTED oY HARLWARE aNv 15 this pulse should be around 100 ms from the
5RE-COMPLEMENTLU Y SOFTWARE FOR T .
STHIS REASON. initiation of the sequence. This can be seen
3R KRR K AR AOR R KKK K on pin 13 of IC 19a and set by adjusting R7.
H » .
eaoe ORG 202K 5 STARTING ADDRESS The scope’s external trigger can ‘be con
@1ep DIN EQU @ 18DH nected to pin 5 on IC 1b and the time base
g:g; ggg;cn égg g:gé“ set for 10 ms per division for a closer look.
H . ; .
B12E CAENTR EQU B12EH It is not imperative that all pulse delays
3 be exact; however data transmission errors
@200 218382 LXI H,HEAD 3H,L =-> hEADING i
esult if the two 50 ms delays are not
@283 B861C Myl 8,28 SHEADING COUNT may resu Y
2205 4E PHEAD: MOV CoM SMOVE CHAR TO ¢ set for at least 40 to 45 ms.
8206 CDA782 CALL co 3PRINT CHARACTER
8289 23 INX H 5INCR. MEM. PTR.
828A @S DCR B 3DLC COUNT What'’s It Good For?
@288 C28562 JNZ PHEAD  JUMP NOT LONEL . .
@28E CD9CB2 LOOP:  GALL c1 JGET INPUT COUEL The application of the Mathematical
021; E6TF ANI 7FH SREMOVE &TH BIT Function Unit is appropriate wherever cal-
8213 FE@D CP1 #DH 3COMPARE WITH RETURN ; :
8215 c27182 JNZ CODEIN JUMP IF NOT RETURN culat'l(')ns mus't .be done.. To |[|ustr2.1te a
8218 CD2091 caLL CAFTCH ;GET UATA FROM MFU specific case, listing 3 provides a very simple
@218 4F MoV C.A 3MOVE RETURN TO C calculator program which will enable an
821C CDA702 CALL co iPRINT RETURN 8080 to drive th it th h th i
@21F 9EBA M1 C,BAH  3MOVE LINEFEEL TO G U to drive the unit through the routines
@221 CDA782 CALL co JPRINT LINEFERD of listing 1. A sample of the output is shown
@224 16@C MU I D,12 3LIGIT COUNT TO L P
8226 218101 LX1 HoDOUT  SHAL <> DOUT in Ilstmg'4. The purpose of the CALCULA
8229 7E DLOOP: MOV ALM 3C(H,L) => REGs A program is to accept inputs from the normal
#22A E6TF ANI @7FH 3FORCE *BXXXXXXX® ASCIl kevboard of vour co er {here
@22c 77 MOV M A SREPLACE # IN MEMORY Y your computer ( .
3CHECK FOR OVERFLGW INDICATOR assumed to be connected to a Teletype using
922D E6BF ANI BBFH 3FORCE 'XOXXXXXX® input port O for data input, input port 1 for
@22F BE CMP M 3 SAME?
2230 CA3DB2 Jz CONTI  SYES = JUMP, ELSE. status, and output port 0 for data output)
8233 GE2A MV1 C,2AH  ;"x" => REG. C and use these inputs to set up command
g:gg cl;ggzzz CCLL com ;I:RINT v( o MORE PRINT sequences to the calculator. After each ‘="
MVI Ds H H -> D N NT) . .
223A C3I5FB2 JMP CONT SBACK TO ROUTLNE operatlon,.the current display output of the
3JCHECK FOR A NEGATIVE SIGN IN COUL calculator is read and printed.
gooD EeEr CONTI: s A The program is set up in a fairly straight-
3248 CcA4Ba2 Jz CONT2  JYES = JUMP, LLSk, forward manner, using a table located at
gg“g 552},7 . MVI ‘3629“ 'p; 1'_’ REG. C hexadecimal location 0300 to store the
45 CDA7@ CALL c SPRINT *-v : .
8248 C35302 JmP DECPT GO TG wECIMAL PT. RGUTIN conversion between ASCII input characters
SJPRINT ¢ FOUND and calculator control characters. The list of
@248 E60OF CONT2: ANI BFH ;STRIP OFF D. P. ASCII de ir correspondi a _
824D Cé630 ADI 230H FCONVERT TU ASCII co sa.nd thelr.c ponding calcula
@24F 4F MoV C,a 5C(ay => C tor functions is found in table 1.
@258 Ccha7@2 CALL co ;‘PRINT NUMSBER TO use CALCULA’ S|mp|y Ioad memory
8253 7E DECPT: MOV ALM 5CM) -> A
@254 E6DF ANI @DFH 3FORCE *XXBXXXXX' address space from 0100 to 0334 (hexa-
@256 BE CMP M 5 SAME? decimal) with the content of listings T and 3,
@257 CASF@2 Jz CONT JYES = JUMP, ELSE, then start the CALCULA program by
@25A BE2E MVI C,@2EH 3"." -> REG. C . . | ion 0200. This begi
@25C CDA782 CALL co 5PRINT "." jJumping to c.>ca.t|on - 1 1is begins execu-
@25F 23 CONT:  INX H 5 INCREMENT H,L tion by printing out the heading MFU
#2628 15 DCR D 3COUNT DUWN CHARACTERS
at the
@261 C22582 JNZ DLOOP  SCONTINUE LISPLAY CAI,“Cl,JLATOR _SIMULATOR shown it t
0264 BEBD MV C,ODH  ZRETURN -> REGe U beginning of listing 4, after which an inter-
8266 CDA702 CALL co 3PRINT RETURN active input of various calculator commands
8269 BEGA MVI C»@AH  SLINEFEED =-> REG. C . L
2268 CpA782 CALL co SPRINT LINEFEED from table 2 can begin. The sample of listing
@26E C30ES2 JMP LOOP 3DONE WITH OUTPUT 4 shows uses of many of the calculator
@271 218883  GODEIN: LXI H,TABLE SH,L =-> ThsLE functions. The calculator replies with an
@274 1E35 MV1 E,53D 353 = # OF &NTRIeS IN TABLL LY ¢ s th
8276 FE29 cPI 20H JCOMPARE WITH SPACE asterisk (*) if an overflow occurs, as is the
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case with the attempt at 100! (100 facto- Listing 3, continued:

rial). Display output is normally printed
following the input of a carriage return. @278 C28282

CALCULA is of course only the simplest 8278 4F
@27C CDA782

of possnblg uses fqr .thlS unlt'. For general @37F C30ER2
programming, specialized routines could be @282 BE
written to execute sequences of calculator 0283 CABE®2
K K h ded. using data k . 2286 1D
eystrokes when needed, using data kept in 3287 CABES2
the 12 byte arithmetic format. 828A 23

: : 2288 C38282
It should be fairly easy to implement a 828F 4F

simple programmable calculator style inter- 828F CDA702
preter to drive this interface, thus converting @292 7D
your personal computer into the equivalent 2232 33322}
of some fairly expensive desk top micro- 8299 C30E@2
computer packages being sold commercially.
Ambitious readers will go even further and @29C DBB1
implement a BASIC interpreter or some @29E E601

- - @248 C29C@2
other form of high level language referencing 4543 psee

this machine both at compile time and in the @2A5 2F

run time software packages. @2a6 C9
. 22A7 DBG1
Some Parting Comments 35A9 E6Q4
The hardware problems encountered with g:f\g gg“”

this design were few. The major inelegancy G2AF 2F
of the design is probably the requirement for 0288 D380
pull down resistors on the calculator chip’s ~ 2282 ¢
output lines. These resistors {R10 to R30)

are required to supply the load normally gg:i 22

supplied by digit and segment driver circuits, @2BS 4D465520
@2B9 43414C43
@2BD 554C4154
@2C! 4F522853

Listing 4: CALCULA Program Sample Run. 82C5 494D554C
This Teletype listing was made using the gggg 31'35“”52

CALCULA program to drive the Mathe-  @2cE oa
matical Function Unjt. The command codes
for operations are listed in table]. A
carriage return code (hexadecimal OD) is
; @2CF
used to cue the display of calculator outputs 3308 38313233

after a transfer via CAFTCH. 8304 34353637
2308 38394130
238C 30303030

MFU CALCULATOR SIMULATOR #8318 2E2B2D2A

AGAIN:

FOUND:

Cl:

HEAD:

TABLE:

JNZ AGAIN JJUMP IF NOT SPACGE

MoV C,A JMOVE SPACE TO REG. C
CALL co 3JPRINT SPACE

JMP LOOP JBACK TO LOOP

CMP M 5COMPARE C(A) WITh TAoLE
Jz FOUND ;JUMP IF FOUNU

DCR E 7 DECREMENT COUNTER

JZ LOOP 5 1F NOT FOUNL TRY AGAIN
INX H 5 INCR H,L

JMP AGAIN SJKEEP TRYING

MOV CrA JMOVE FOR PRINT

CALL co SPRINT

MOV A,L JMOVE COUE TO A

STA DIN 3STORE COUE FOR MFU
CALL CAENTR SEND CODE TO MFU

JMP LOOP sBACK TO ROUTINE

»

JCHARACTER INPUT ROUTINEL

IN 21 ;01 = TTY STATUS PORT
ANl 21 ;@1 = MASK FOR DATA AVAlLAbLe
JNZ cl sJUMP IF NO LATA

IN 1] JREAD ThHt ChARACTL

CMA sxxw SEE NUTE =xxx

RET s RETURN TO PHROGRAM

2

5 CHARACTER OUTPUT ROUTINE

IN 21 301 = TTY STATUS PORT
ANI 24 304 = MASK FOR TTY pUSY
JNZ co SLOOP UNTIL REARUY

MOV ALC JMOVE FOR PRINT

CMA sxx% SEE NOTE *x%

ouT 20 ;OUTPUT CHARACTER

RET SRETURN TO PROGRAM

H

;

DB @ DH s RETURN

DB QAH SLINEFERED

DB *MFU CALCULATOR SIMULATOR®

Db ADH 5 RETURN

g BAH JLINEFEED

H

5 »%xx END OF PROGRAM =xx

H

ORG
Db

bB
DB
Do
DB

END

B30AH
'9123456769A0"

'0000 e+=-%/Y=("

*)PHtPOBOSCTL"

*GRFDWZM$0G003"

*1QXE!"*

3 END OF TABLE

$%
260820607 .000 @314 2F593D28
8318 2950485E
123.456 + 345,678 =
231C 30303030
200469 .134820
3326 5343544C
§  ((3+7)8(2+1)/18)%443 1=
@324 47524644
200000018 .000
2328 575A4D24
s 987.321M
@32C 38303030
208987 .321000 D enana
$S 1BT14H + 26.579115H = oo o
8201.26579-13
£s 45 §
20.7871068000 2002
s P
#3.1415927000
$$ 164 1
20080 .0625000
s 691 200987.321000
81.7112244098 e
s 1001 9.00000000 .00
* LY 53C
s 1 E -.2.91828280¢20
82.7182818008 s 2
s 18R 200060000 .208
83.1622777088 s  18@e. D
s laY2rl = 300001000 .000
#3.1622777200 s F
s 8 Q #61987.321000
0080200 64.008 s
ss F 200000000 .330
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NOTE: A 10 by 5% inch (25.4 by 13.3 ¢cm) printed
circuit board with plated through holes is available
from RSG Electronics, POB 13, Santa Margarita
CA 93453, The price of this board is $24.95 plus
$1.23 for postage and handling (California resi-
dents add 6% sales tax). For questions on obtaining
the calculator chip or other parts, please write to
the author,







SOME HISTORICAL NOTES ON COMMUNICATIONS AND PEOPLE

The following text is taken exactly from
a privately circulated English language trans-
lation of an excerpt (pages 519 to 523) of a
French work, Traite De Telegraphie Elec-
trique by Abbe Moigno, published in Paris in
1852

Telegraph Lines in America

Electric telegraphy has not spread any-
where its mysterious network with as much
speed and success as in the United States of
North America; nowhere has one either
conceived as promptly and executed with
such admirable response the happy thought
of placing commerce and private enterprise
in possession of this all powerful means of
communication.

The first American telegraph line was
established in 1844, between Washington
and Baltimore, on a length of 40 miles. It
transmitted  with  such celerity and
promptness the news relating to the election
of presidential candidates, that all pro-
claimed, with a unanimous voice, the excel-
lence and immense importance of these
messages prompt as lightning; and one saw
the formation at once, on all of the territory
of the Union, private companies with the
strong intention of making the entire
country participate in the unexpected bene-
fit of the electric telegraph. The line from
Washington to Baltimore was immediately
extended to Philadelphia and New York,
over a distance of 250 miles; it reached
Boston in 1845, and became the great
Northern line on which two lines branched:
one, a thousand miles long from Philadelphia
to Harrisburg, Lancaster, Pittsburgh, Ohio,
Columbo, Cincinnati, Louis Ville (Ken-
tucky), and St. Louis (Missouri}; the other,
1,300 miles long, from New York to Albany,

INTRAQWLSNT « INIT JLVATEL »

Troy, Utica, Rochester, Buffalo, Erie, Cleve-
land (Ohio), Chicaga (lllinois), Milwankie
(Wisconsin).

[The text goes on to describe further details
and give a table totalling the telegraph
mileage as of July 1849: 10,885 miles. ]

What Was the Public Response to
the Telegraphy Revolution?

[Continuing the excerpt] ... Here is how
the work is accomplished: the poles, twenty
feet long, are cut in the forests and trans-
ported to the site by the neighboring far-
mers; one implants them into holes a foot
and a half deep, one fastens at some distance
from the top insulators or glass rings, on
which the conductive wire rests. A few days
suffice to see the rise, as by enchantment, of
a long line of poles. The surveillance and
protection of the poles and of the wire is
entrusted to these same farmers, all provided
with the small instruments required by such
a simple task: a hammer, cutters, a vise,
pliers, some screws, some rings and some
nails.

The telegraph lines usually follow post
roads, and their maintenance costs ab-
solutely nothing; there is no instance that
the wires, delivered to the good public sense,
were broken through meaness. It is because
in America all the wishes cooperate in
concert for the public welfare, and that ali
useful invention is like a family heirloom
that all wish to safeguard. Each farmer
participates at the very least by his contribu-
tion of labor and materials, if not through
his purse, to all the national undertakings;
each thus becomes a shareholder and is
interested in seeing them prosper.®
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Source materials’ supplied by
Claude Kagan, Western Elec-
tric Co.

Courtesy of Western Electric
Company from
No. VII" of 1884.
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Microprocessor Update:

eep PACE with the Times

Robert Baker
15 Windsor Dr
Atco NJ 08004

The new National Semiconductor IPC-
16A/500D microprocessor commonly called
PACE for Processing And Control Element is
a single chip 16 bit microprocessor packaged
in a standard 40 pin dual in line package. As
a 16 bit general purpose computer it is an
excellent candidate for personal computing
applications.

Table 1. PACE Status and Control Flags. These flags are tested to control
program execution as a result of various conditions.

Flag Register

Bit Flag Name Description

0 1 Always logic 1, not used.

1 1E1

2 IE2 Flags IE1 to |EB serve as interrupt enable flags for 5

3 1E3 of the 6 PACE interrupt levels. These interrupts

4 IE4 are ignored when |E bit is low.

5 IE5

6 OVF Set to the state of the 2's complement arithmetic
overflow by arithmetic instructions.

7 CRY Set to the state of the binary or decimal carry out-
put of adder by arithmetic instructions.

8 LINK Link flag is included in shift and rotate operations as
specified by instructions. Is unaffected if not
selected.

9 IEN Master interrupt enable. This line simuitaneously
inhibits all five of lowest priority interrupt levels.

10 BYTE Byte flag selects 8 bit data length when high and
16 bit when low.

11 F11

12 F12 General purpose control flags. Drive PACE output

13 F13 pins to directly control system functions.

14 F14

15 1 Always 1, addressing for interrupt O exit.
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The Microprocessor Overview

PACE utilizes 16 bit instruction words to
operate on software selectable, 8 or 16 bit
data words for a wide range of applications.
There are four 16 bit general purpose
working registers available to the user as well
as an independent 16 bit status and control
flag register that automatically and con-
tinuously preserves system status. Table 1
lists the various bits of the status and control
register and gives a brief description of the
function of each bit. A ten word (16 bit) last
in, first out, stack automatically saves return
addresses for subroutine calls and interrupt
servicing. A stack full or stack empty inter-
rupt is provided to allow software stack
expansion when required. A six level,
vectored priority interrupt system provides
automatic interrupt identification. More
than one device may be placed on any given
priority level using open collector, wired OR
circuitry external to the processor. An indi-
vidual interrupt enable is provided in the
status register for each level and a master
interrupt enable is provided for all five lower
priority levels as a group. There are also four
direct sense inputs and four control flag
outputs to implement various single bit
status and control functions. Figure 1 shows
a functional block diagram of the PACE
microprocessor while figure 2 shows the
actual pin connections of the dual in line
package.

Instruction Set

The PACE microprocessor instruction set
consists of a general purpose mixture of 45
instruction types in eight classes as shown in



Table 2: PACE Instruction Set Summary.
This table lists the mnemonic and a short
description for all of the PACE instructions.
For complete functional descriptions and bit
patterns consult National Semiconductor’s

Diagrams and

courtesy of National

information,
Semi-

PACE Technical Description document.

Mnemonic

Operation (or meaning)

Branch Instructions

BOC Branch on condition

JMP Jump

JMP@ Jump indirect

JSR Jump to subroutine

JSR@ Jump to subroutine indirect
RTS Return from subroutine
RTI Return from interrupt

Skip Instructions

SKNE Skip if not equal

SKG Skip if greater

SKAZ Skip if And is zero

1SZ increment and skip if zero
DSz Decrement and skip if zero
AISZ Add immediate, skip if zero

Memaory Data Transfer Instructions

LD Load

LD@ Load indirect

ST Store

ST@ Store indirect

LSEX Load with sign extended

Memory Data Operate Instructions

AND And

OR Or

ADD Add

SUBB Subtract with borrow
DECA Decimal add

Register Data Transfer Instructions

Ll Load immediate

RCPY Register copy

RXCH Register exchange

XCHRS Exchange register and stack
CFR Copy flags into register
CRF Copy register into flags
PUSH Push register onto stack
PULL Pull stack into register
PUSHF Push flags onto stack
PULLF Pull stack into flags

Register Data Operate Instructions

RADD Register add

RADC Register add with carry

RAND Register and

RXOR Register exclusive or

CAl Complement and add immediate

Shift and Rotate Instructions

SHL Shift left
SHR Shift right
ROL Rotate left
ROR Rotate right

Miscellaneous Instructions

HALT Halt
SFLG Set flag
PFLG Pulse flag
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Figure 1: PACE Microprocessor Functional Block Diagram. This diagram
shows the major internal sections of the processor, which are reflected in the
instruction set. The numbered connections refer to the pins of the processor
package, shown in figure 2. This diagram is reproduced courtesy of National
Semiconductor from page 2-2 of the PACE Technical Description.
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table 2. Conditional branches are imple-
mented using the BOC instruction which
allows testing any one of 16 conditions as
shown in table 3. Additional testing capa-
bilities are provided by the skip instructions
which provide memory and register com-
parisons without altering data. Memory

Figure 2: PACE Microprocessor Pin Assign-
ments. Fitting a 16 bit processor’s pinout
into a 40 pin package is a problem: If for
example separate 16 bit address and data
lines are used, 32 pins are occupied and only
8 are left for miscellaneous processor func-
tions and power. But if only one 16 bit bus
is used for address and data, with time
multiplexing of the usage, then a large
number of pins remain available for miscel-
laneous uses. National Semiconductor chose
the latter course of action in the PACE
design, leaving a large number of externally
available inputs and outputs including four
levels of external interrupts, three jump
condition flags, and control lines. This dia-
gram is reproduced courtesy of National
Semiconductor, from page 2-3 of the PACE
Technical Description.

Table 3: PACE Branch Conditions. The BOC (branch on condition)
instruction branches to the effective address if the selected condition is true,
This table is reproduced courtesy of National Semiconductor, from page B-14
of the PACE Technical Description.

Condition Code {cc) Mnemonic Condition

0000 STFL Stack Full {contains nine or more words).
0001 REQO {ACO) equal to zero {see note 1).
0010 PSIGN (ACO) has positive sign (see note 2).
0011 BITO Bit 0 of ACO true.

0100 BIT1 Bit 1 of ACO true.

0101 NREQO (ACO) is nonzero (see note 1).

0110 BIT2 Bit 2 of ACO is true.

o1 CONTIN CONTIN (continue)} Input is true.
1000 LINK LINK is true.

1001 IEN IEN is true.

1010 CARRY CARRY is true.

1011 NSIGN (ACO) has negative sign (see note 2}.
1100 OVF OVF is true.

1101 JC13 JC13 Input is true

1110 JC14 JC14 Input is true.

1111 JC15 JC15 Input is true.

NOTES: 1. If selected data length is 8 bits, only bits 0 through 7 of ACO are tested.

2. Bit 7 is sign bit (instead of bit 15) if selected data length is 8 bits.
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reference instructions use a flexible memory
addressing scheme which provides three
floating memory pages and one fixed page of
256 words {16 bit) each. Figure 3 shows the
various memory reference instruction for-
mats used to obtain the four different
addressing modes.

DUAL-IN-LINE PACKAGE

pDo4 _ 1| - e | 20 DOS
Do3 _ 2 | 39 D08
D02 _3 38 DO7
DO1 _4 37 DO8
Do __5 | 36 D09
IDS _6 35 D10
obs _ 7 34 D11
NADS _8 33 Di2
NHALT g 32 D13
CONTIN _10 31 D14
Jc14 11 30_ DI
Jcis 12 29 Vggh-12v)
Jc13 13 28 BPS
NIRS _14 27 EXTEND
NIR4 _15 26 NINIT
NIR3 _16 25 CLK
NIR2 17 24 NCLK
F11_18 23 Vgg
F12 19 22_ Fi4
VSS _20 | [ 21 F13
TOP VIEW
PIN DEFINITION

CLK, NCLK True and complemented MOS
clock input.

D00 to D15 |0 MOS data bus lines.

1DS Input data strobe, enables exter-
nal devices to send data to PACE.

oDs Output data strobe, enables exter-
nal devices to accept data from
PACE.

NADS Address data strobe, clocks address
from PACE into ALE.

EXTEND Extended data transfer, increases
time duration of data 10 transfers
for slow memory or peripherals
without changing clock frequency.

NINIT Initialize microprocessor functions.

CONTIN Continue jump condition.

NHALT Control panel halt.

BPS Base page select, selects one of two
possible base page addressing
schemes.

J13to J156 Jump conditions 13 to 15, user
specified branch condition inputs
to jump condition multiplexer (see
table 3).

F11to F14  Flags 11 to 14, status and control
flag register general purpose control
flag outputs.

NIR2-b Interrupt requests 2 to b.

Vbb PACE substrate voltage input,
derived from Vgg and Vss by STE.

Vag —12 V supply input.

Vss +5 V supply input.




Applications

There is a complete family of support
chips designed for PACE which are intended
to interface directly to the microprocessor
chip. The System Timing Element (STE)
provides the necessary MOS clock signals
and V bbo supply voltage for the processor
chip as well as an optional TTL clock for the
user’s system. Figure 4 shows how the STE
is connected to the PACE microprocessor
for a typical application.

The Bidirectional Transceiver Element
(BTE) provides single chip, 8 bit input and
output buffering between the PACE MOS
input bus lines and TTL devices. Figure 5
shows how three BTEs are utilized along
with an STE and PACE chip to assemble a
system providing a fully multiplexed address
and data bus with a minimum chip
configuration. The other two support chips,
the Address Latch Element (ALE) and the
Interface Latch Element (ILE), may be
added for more complex systems as shown
in the PACE Technical Description available
from National Semiconductor as publication
number 4200078A. This book also illus-
trates a priority encoder, a control panel,
DMA capabilities, application cards, and
various applications and features of the
PACE system along with the information
contained in this article.

User Group

COMPUTE, a National Semiconductor
sponsored user group for microprocessor
programmers, users, and technical experts
publishes a newsletter called The Bit-Bucket.
They can be contacted at:

COMPUTE/470

National Semiconductor Corp
2900 Semiconductor Dr
Santa Clara CA 95051

(408) 732-5000 X7183

Personal Computing with PACE

The design of the PACE computer
is that of a minicomputer. Its instruction
set presents a conventional minicom-
puter architecture (with a stack how-
ever, which was usually unheard of in
the days of the mini). Looking at the PACE
architecture is reminiscent of looking at a
Data General NOVA. For those with a
strong background in 16 bit minicomputer
programming, a 16 bit processor like the
PACE would provide an excellent place to
take advantage of your present bag of tricks
to save time while getting oriented. While no
PACE personal computing Kits or finished
products are presently available {circa June

bits [15 10| 9 817 0
OPERATION CODE INDEX (XR) DISPLACEMENT (disp)
Index Field Addressing Mode Effective Address (EA)
00 Base Page EA =disp
01 Program Counter Relative EA =disp + {PC)
10 AC2 Relative {indexed) EA =disp + (AC2)
11 AC3 Relative (indexed) EA =disp + {AC3)
Key: (PC) = Contents of program counter
(AC2) = Contents of AC2
(AC3) = Contents of AC3

Figure 3: Memory Reference Instruction Format. The PACE processor’s
minicomputer-like instruction set has four addressing modes which are
specified by the index field of an instruction. Addressing can be through an 8
bit signed or unsigned base page address selection, an 8 bit signed offset
relative to the program counter, or an 8 bit signed offset relative to registers
AC2 or AC3. This diagram is reproduced courtesy of National Semicon-
ductor, from pages 2-11 and 2-12, PACE Technical Description.
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Figure 4: The PACE System Timing Element. In order to make a PACE work
without undue engineering inconvenience, National Semiconductor also
produces the STE chip which is an omnibus multifunction device including
the master timing source, clock generator and driver, and one of the power
supplies needed by the chip. The interconnections are shown in this diagram,
reproduced courtesy of National Semiconductor from page 2-14 of the PACE
Technical Description.
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reaches the desired points. As an assembler,
the PACE 2 module in its “alter” command
mode allows one to insert symbolic assembly
language statements to define memory
content word by word. The symbol table
capacity built into the system when PACE 2
arrives is 26 symbols. By adding memory it
is possible to extend the symbol table to a
limit of 121 symbols. Each symbol has a 16
bit address value associated with it.

By putting the PACE 2 board together
with the Pacer, the result will be an excellent
combination of software development tools
and expandable hardware which will prove
attractive both to the engineer using PACE
in systems work, and to an individual who
wants a prepackaged 16 bit computer with
good systems software support at a mod-
erate price. For further information contact
Project Support Engineering.m

The MOSTEK MK5085N/MK5086N
Integrated Tone Dialers

This product provides the electronics
needed to simply implement remote access
via telephone to computer using a miniature
hand held terminal which can be used with
any telephone. In such a system, the com-
puter end listens to audio from one of a
number of Bell approved electronic tape
answering service devices commercially
available, and standard touch tone signals are
sent to the computer after dialing into its
phone port. This MOSTEK chip, built into a
tiny case using the circuit described in the
MOSTEK documentation, and reproduced
here, is used to drive the remote telephone
through a speaker you build into the remote
package. The computer end must have a

“Figure |" excerpted from MOSTEK's April 1976 data sheet for the
Integrated Tone Dialer MK5085N/MK5086N.

DTMF TONE GENERATOR - Fixed Supply Operation

FIGURE J
Lo = 1
1 7 IOMEG

[T 3579545 miz

+i2 v
-]

e
TONE GUTPUT T 1
MK 5085 ) sapt ,
* ! ’ .
1 1
VMo |
MK5086 1K3
, 8-16
|
1 MIC !
| tut OR OTHMER |
| 1K 3—————wmn-—— HIGH )
3 ) RI  (MPEDENCE |
= ) 1

R1 value s dependent upon impedence and
gain of fo ing stage. Typical values when
used to drive microphone inputs are

<
+

I
f

|
<]

1K ~ Carron type mics
50K — Low impedance dynamic
100K — High impedance dynamic

hardware or software tone decoder and a
software command interpreter to carry out
your remote instructions; for reliability,
such software should be stored in ROM
against the possibility of power failures.
Eventually, commercially produced ‘“‘uni-
versal signallers’” wusing this technology
should be available in calculator style
packages, but until then you'll have to make
your own. Contact MOSTEK at 1215 W
Crosby Rd, Carroliton TX 75006.m

SCELBAL, an 8008/8080 High
Level Language

In our June 1976 issue [page 82], we had
a product description article on the SCEL-
BAL language, implemented for the 8008
and 8080 processors by Nat Wadsworth and
Mark Arnold. Since that time, the language
design has been published in detail in
SCELB! Computer Consulting’s book of
documentation, available at $49 postpaid.

The documentation is very complete, and
expresses Nat Wadsworth’s excellent philos-
ophy of giving all the information possible
about the subject at a reasonable price.
Quoting from the introduction:

. ... It was known at the start that the
program could not be developed to
satisfy every potential user. Nobody
has a system with that much memory
available! Care was taken to provide a
good fundamental selection of syntax
statements and functions in the lan-
guage. From that point, backed by the
descriptions of the program’s organiza-
tion, general flow charts, and highly
commented listings provided in this
publication, it is felt that the user will
be equipped to add extended capa-
bilities depending on memory avail-
able, or willingness to sacrifice de-
scribed functions.

. The extra measure of providing
the information so that the user may
go further if desired is the funda-
mental premise behind this publication.

In the words of the sage, ‘‘right on!". This
368 page book contains an overall program
logic description of the interpreter spread
over the first 11 chapters, totalling some 162
pages. Of these pages, 51 alone are spent on
chapter 6 which describes the statement
interpretation logic of the program with
flow charts, symbolic (commented) as-
sembly language code and verbal descrip-
tions. In the chapter 12, the detailed as-
sembly of SCELBAL for an 8008 is given,






Mike Wilber

920 Dennis Dr
Palo Alto CA 94303

David Fylstra

PO Box 10051
Stanford CA 94305

The movement of com-
puters into people’s homes
makes it important for us
personal systems users to
focus our efforts towards
having computers do what
we want them to do rather
than what someone else
has blessed for us.

Homebrewery vs the

The movement towards personalized and
individualized computing is an important
threat to the aura of mystery that has
surrounded the computer for its entire his-
tory. Until now, computers were understood
by only a select few who were revered
almost as befitted the status of priesthood.
The arts of designing and programming
computers have long been regarded as sacred
knowledge beyond the reach of the nonspe-
cialist. Indeed, the journeymen of the trade
have protected their privileged position by
keeping their knowledge to themselves.
These high priests and acolytes of the holy
alliance of logicians (HAL) have dominated
the field so far.

The movement of computers into peo-
ple’s homes makes it important for us
personal systems users to focus our efforts
toward having computers do what we want
them to do rather than what someone else
has blessed for us. If personal computing
users freely share their hard-won informa-
tion and even their programs, then this
community of users can become quite adept
at bending their computers to their own
needs and wants.

When computers move into people’s
homes, it would be most unfortunate if they
were merely black boxes whose internal
workings remained the exclusive province of
the priests, It is fine to use them as black
boxes as long as they do what you want, but
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Software Priesthood

the computer’s owner should be able to
modify its behavior to suit merely personal
preferences. That is, computer literacy
should be widespread. Now it is not neces-
sary that everybody be a programmer, but
the potential should be there. This under-
standing must be removed from the private
reserve of the select few just because com-
puters will be in the hands of the many.

Freely available software is perhaps the
key to the independence of the homebrewer.

There are several indications that personal
computing users are likely to be highly
motivated to generate freely available soft-
ware. One can be found in the amateur radio
community: Hams have a long tradition of
freely sharing their feats of engineering. In
fact, it is quite natural to be proud of one’s
accomplishments, and that pride finds quite
natural expression in telling all the details to
anybody showing the slightest signs of
interest. Already there are some signs that
computer hobbyists have similar pride in
their software achievements. Dr Dobb’s
Journal contains several examples of people
contributing adaptations and extensions to
Tiny BASIC. The mode of software develop-
ment is likely to follow the example of
program development among the world of
paid programmers. For a while, people will
contribute incremental improvements to a
program {or a concept). During this first half
of the cycle, the program becomes progres-
sively more powerful and progressively
messier until it is quite hard to understand
or modify. Finally, somebody gives up in
disgust and rewrites the program in the
marvelously clear way that had been growing
increasingly conspicuous by its absence.
Then another cycle starts, but its starting
place is far more advanced than the previous
cycle had reached.






Software exchange is a
two way street: He or she
who uses an application or
system’s program from a
community library is as-
sumed to be willing and
able to provide programs
of equivalent value for
others to use.

copy at the next meeting. A few cautions,
however, must be repeated every few meet-
ings: that people label the tapes they bring
back, that they take reasonable steps to
ensure the accuracy of their copies and that
they only contribute software with the
author’s consent. Homebrewers have good
intentions but still need occasional re-
minders to keep them from getting careless.
It is most unfortunate that some people
give free distribution to software against the
author’s wishes. In fact it’s usually illegal,
and anyone caught could face a heavy fine
because the crime is new enough that many
think prominent examples should be offered
to reduce its frequency. Until that lucky
day, the main people being deterred are the
people who have contributed the software
that has immeasurably helped the whole
hobbyist movement get started. Even though
we have a tremendous potential for genera-
ting our own software, we still owe a
tremendous debt (of gratitude besides the
money) to those who have brought us Altair
BASIC and 6800 BASIC, and who may have
enough faith in us to bring us APL and some
truly groovy text editors. Freely exchanged
software should be truly free and untainted
by ripoffs or by the appearance of ripoffs.
The extreme ease of software theft could
present a real barrier to free interchange of
good software because many valuable people
could understandably be reluctant to be-
come very deeply involved in a forum where
such ripoffs are commonplace. Theft is so
much easier with software than with hard-
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ware because software has two distinctive
properties:
® A buyer cannot evaluate its benefit
without extensive testing and use.

® The elementary operation in moving
software is not to transport one copy
but to generate another copy.

Another danger threatens free distribution
of free software, and for some of the same
reasons, a scarcity of documentation which
is all too common in software. The tempta-
tion is strong: Somebody developing it
understands it well and is concentrating on
getting it to work at all and usually prefers
not to be distracted by efforts to make it
comprehensible to others. On the other
hand, the task of documentation can easily
take as much effort as the development
itself. However, documentation is crucial to
the value of a piece of software. Un-
documented software is very hard to use and
even harder to modify. We have no good
solutions to either of these problems. The
only thing to do is to repeatedly urge people
to be mindful of the problems and to
broaden their perspectives beyond the gains
of the short term.

Telecommunications and the Community
Information Exchange

Enthusiasts in this field can share soft-
ware right now by banding together into
clubs, but that medium limits sharing to
small groups of people who live near one
another. With telecommunications, people
can share their programs with others living at
long distances from one another. One vital
ingredient to such remote communication is
the ordinary telephone, which works
wonders at spanning long distances between
people. Telephones can have the same bene-
fit for computers, if they are equipped with
modems, which handle the translation be-
tween a computer’s digital signals and the
audio signals the telephone can handle.
Then, one person can call another, and they
can use that same call to connect their
computers; one computer can run a special
program to copy data from a cassette or
memory to the phone line; and the other can
run another special program to copy the
information from the phone line onto its
own cassette. Of course, the data being
copied will likely be some program the two
parties wish to share; and presto, you have
an instance of software sharing at a long
distance.

While that kind of person to person
exchange is quite effective, it leaves room
for improvement in several respects. It re-
quires very close coordination between the






have access to its file storage. Instead,
commands and data could be refayed from
one CIE to another until they finally reach
their destination. Then, many isolated CIEs
would behave like a vast network capable of
transmitting software across the country
overnight.

We are describing a communication net-
work which can be very effective and which
is highly decentralized. In fact, this decen-
tralization is crucial to its effectiveness in
promoting free communication between
individual computer people. For example,
computer manufacturers now organize their
customers into user groups in order to
provide a forum for communication of ideas
and programs among their users. Most com-
munication is channeled through publica-
tions controlled by the manufacturer, how-
ever; and this all too often results in the
encouragement of software and viewpoints
which are consistent with those of the
manufacturer. On the other hand, it is not
necessary to use a centralized forum to
encourage people who need it: most of that
interaction is on a person to person basis in
almost any group.

All well and good, you might say, but just
how does the personal computing user com-
pare with the journeyman programmer?
Well, the computer amateurs live in a world
in which wholesale copying of programs is
nearly inevitable. Actually, that represents a
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healthy trend in two ways: the person using
the copy benefits by its availability; and the
program’s originator benefits by having
helped spread a good example of the pro-
grammer’s art. Of course, such freely ex-
changed software may well be worthless at
best. That does seem a minor penalty,
though, for all the advantages that stand to
be gained by ready availability. That is one
example of the difference between the two
kinds of programmers. That is, a functioning
program is required of the professional,
while it is merely desired by the amateur
user who figures he or she will have to patch
and customize anyway. Someone paid to
write a program has to make it do what the
client wants; a personal computing user has
only personal preferences to satisfy. Some-
body paying for a program has a right to
expect that it will be reasonably efficient in
order to conserve the money spent on
computer time, while your patience is a
much stronger constraint for you than the
cost of your computer’s time. Somebody
paying for a program is quite likely to need
the documentation oriented toward people
unskilled in the technicalities, while fellow
enthusiasts won’t need to have all the details
explained to them. Finally, deadlines are
quite firm in the commercial world but of
considerably less importance among ama-
teurs [except for those who fill magazines
once amonth! ... CHJ.

While the priests who market the old time
software religion can help the personal sys-
tems user, such users should be mindful of
the benefits to be gained from a healthy
measure of independence. If you can get
your hands on the symbolic form of freely
exchanged software, you can revise it to suit
your own needs. That's considerably easier
than trying to convince somebody else who
supplies a high priced package to make your
favorite changes, especially since the other
person may differ from you in values,
priorities and notions of demand. For the
traditionalist software source, a request from
a single person could easily seem to repre-
sent too narrow an interest to motivate a
change or patch. If program source listings
are distributed freely and nearly every user
has the requisite skills to make patches, then
the person wanting something changed will
probably be the person making the change.
Of course, the end result is nearly the best of
all possible worlds: Your home computer
will do what you want it to do, and it will
do it in the way you want it done. It will not
do what somebody else decided it was
reasonable for you to want it to do and in a
way that it was convenient for somebody
else to have it done.m






Classified Ads for Individuals and Clubs

Readers who have equip-
ment, software or other items
to buy, sell or swap should
send in a clearly typed notice
to that effect, To be consider-
ed for publication, an adver-
tisement should be clearly
non-commercial, typed double
spaced on plain white paper,
and include complete name
and address information.
These notices are free of
charge and will be printed one
time only on a space available
basis. Insertions should be lim-
ited to 100 words or less.
Notices can be accepted from
individuals or bona fide com-
puter users clubs only, We can
engage in no correspondence
on these and your confirma-
tion of placement is appear-
ance in an issue of BYTE,. B

HELP! | need schematic & information on 3501A
Asciscope S/N 14 by LEAR-SIEGLER. Will give
almost anything to borrow, reproduce, or even
glimpse. Emile Alline, 1119 Penn, Slidell LA
70458,

FOR SALE: KSR-33s, | have a limited number of
KSR-33s on stands. We have checked them out on
an Altair 8800 and they work like champs. $495
each while they last. Boyd Martin, 5130 Melvin Av,
Tarzana CA 91356 eves and weekends, {213)
345-0903.

FOR SALE: Digital tape cassette transports, MFE
mode!l 250, outdated but new. Andruss Peskin
Corp, POB 268, Natick MA 01760, (617)
653-3919.

FOR SALE: Disk controller, asking $800 or best
offer, worth better than $2,600. IBM 2841 disk
controller model 1 dual channel, controls up to 8
drives, power supplies, 4 K RAM, all cables and
manuals available, maintenance available from
IBM. Call Pete Arnett at (305) 671-5631 after b
PM EST or write 7739 Liverpool, Orlando FL
32807.

FOR SALE: TVT-l (SWTP CT-1024), complete
with SWTP power supply, manual cursor control
board, parallel interface board, all cables and
documentation. Includes wiring changes to make
64 characters per line. All ICs in sockets. Guar-
anteed working cond, $175. Also have MITS
expander card (no sockets or card guides) $15. W
W Crider, 4011 Oak Hill Dr, College Park GA
30337, {404) 767-6402.

SWAP: Have first 8 issues of BYTE. Want ham
radio or electronics magazines. FREE: Schematic
& service data for almost any radio receiver or TV
set. Make and model number a must; approx age, #
of tubes, description helpful. Legal size SASE
appreciated. Donald Erickson, 6059-K Essex St,
Riverside CA 92504, {714) 687-5910.

FOR SALE: FLEXOWRITER Model SFD. Excel-
lent condition. Has 8 level reader and punch, $300
or trade for TVT-l or TVT-Il. Call or write;
William Dawson, 316 21st St, Apt 4, VA Beach
VA 23451, (804) 422-5921,

WANTED TO BUY: Video terminal (such as
Sanders model 720 but any type would do) at a
very reasonable cost. If desired, | would swap for
my Busicom digital desktop calculator with 14
digit readout and memory. This is a very early
digital calculator but is in good operating condi-
tion. Either way, tell me what you have. Rich
Nicewonger, 24 Rosewood Rd, Edison NJ 08817.

FOR SALE: Disk drive, IBM 2311 type, 7.25
million bytes. Almost new, manuals and documen-
tation available. Asking $750. P Arnett, 1730 S
Bumby, Orlando FL 32806.

CLEANING HOUSE—If you want a list of items

for sale, send SASE to Bob Baker, 15 Windsor Dr,
Atco NJ 08004,
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FOR SALE: Three 4 K Altair RAM boards @
$180. Assembiled, tested, excellent cond; memory
ICs in sockets, less 100 pin edge connector,
postpaid. One 1 K static RAM board, also Altair.
As above $100. John Martin, 808 Day St, Fair-
mont MN 56031,

FOR SALE: Paper Tape Splices — prepunched for
any kind of 8 channel tapes, $3.50 per 100,
postpaid. H Corbin, 11704 lbsen Dr, Rockville MD
20852.

WANTED: Automatic card reader for demonstra-
tion project in the New York City Public School
System. Please call: {212} 852-2957 or write: Alex
Aderer, 166 Bergen St, Brooklyn NY 11217,

FOR SALE: Altair 8800 system w/ 8 K memory,
88S10 interface, 8 K BASIC complete and ready to
run. $950. Also SWTP CT-1024 terminal complete
with case $300 and Sanyo Monitor $150. Entire
system with manuals guaranteed $1,400. D Smith,
(714) 993-9939, Fullerton CA.

WANTED: MOS KIM-1 or OSI series 400 system,
also Tl SR-52. Joe Torzewski 51625 Chestnut Rd,
Granger IN 46530.

WANTED: Information or documentation for
SYNER Data total term. If you have same or know
how to repair, please contact: Paul Massod, 338 N
Warren Av, Brockton MA 02401, {617) 587-9035.

FOR SALE: MARK-8 CPU circuit board (as-
sembled). Needs 8008 chip, some memory, address
and |10 latches to get it going. MARK-8 and Intel’s
8008 manuals included, $20. Also Signetics Data
Manual {1976) 1200 pages of TTL, ECL, linear,
interface [Cs, MOS memories, and their latest
microcomps, $8. Frank Canova Jr, 725 Myrtle Av,
Green Cv Spgs FL 32043, Phone (904) 284-3408,.

WANTED: Software for Altair (BASIC) to keep
track of club members, print zip code sorted
mailing labels, and “Membership Directory.” Write
for details. Jack Hardman, 140 Forest Av, Glen
Ridge NJ 07028, (201) 429-8880.

FOR SALE: DUMP THE MEMORY of your 6502
system with software system which generates
BYTE Standard signal for recording onto cassette.
Documented software listing for only $3. Timing
variable to match your clock speed. Ideal for
putting in PROM, with space for other programs.
Dumps one page or many pages in one run. Don
Rindsberg, 5958 S Shenandoah Rd, Mobile AL
36608.









Programming Quickies:

The Thompson Lister

Noel ] Thompson, of the Hawaii Institute
of Geophysics, 2525 Correa Rd, Honolulu
HW 96822, submits the “Thompson Lister”
program for the 6800 using Motorola’s
MIKBUG program. This program, shown
listed at location 0000 in a symbolic assem-
bly language format, is designed to list 6800
programs as an address, an operation code
and an optional one or two byte field
depending upon the length of the instruc-
tion. The sample Teletype output shown at
the bottom of the listing was supplied by
Noel as part of his listing of the entire
program. The program figures out complete-
ly whether the first byte of an instruction
calls for one, two or three bytes. Quoting
from Noel’s letter accompanying the pro-
gram,

“Such a program has two /'mportanf
benefits. First, it provides an adequate

listing for your documentation of pro-
grams you are working on. You can
use it over and over while you are de-
veloping a routine,

Second it detects the most common
mistake that | find myself making in
multi-length-instruction machines —
the mistake of forgetting to put in the
right number of bytes. If this lister
comes up with funny things, probably
you left out a byte.”

The program is easily relocated by changing
constants in the instructions at locations
0000, 0009 and 005D. The data memory
used by THMPLSTR is located in the
MIKBUG programmable memory region
between locations AO00 and AO7F. Also,
the program takes advantage of subroutines
PDATAT, BADDR, OUT4HS, OUT2HS and
OUTS which are found in Motorola’s
MIKBUG program.

Addr  Hex Code Label Op Operand Commentary

0000 CE 00 67 THMPLSTR LDX #ANATSGN  Print an '@’ sign using

0003 BDEO7E JSR PDATA1 MIKBUG subroutine PDATAT1;

0006 BD EO47 JSR BADDR XHI := {address input) [using MIKBUG] ;
0009 CE 0OC 64 NEXTBYTE LDX #CRLF Print carriage return and line feed

000C BDEOT7E JSR PDATA1 MIKBUG subroutine PDATAT;

000F CE A0O0C LDX #XHI X = XHI [XHI as defined by MIKBUG] ;
0012 BD EO C8 JSR QOUT4HS Print current address as 4 hex characters;
0015 FE A0 OC LDX XHI X := XHI [fetch current address pointer] ;
0018 A600 LDAA 0,X A = @X [fetch current data at X] ;

C01A B7 AOOB STAA TEMP TEMP := A;

001D BD EO CA JSR QUT2HS Print current data then space;

0020 FF AO0OOC STX XHI XHI := X [after OUT2HS has incremented] ;
0023 BDEOCC JSR ouTs Print an extra space;

0026 5F CLRB B :=0;

0027 B6 AO0OB . LDAA TEMP A = TEMP;

002A 818C CMPA #8C is op code CPX ?

002C 2718 BEQ THREE if so then go to 3 byte length case;

002E 81 8E CMPA #8E is op code LDS?

0030 27 14 BEQ THREE if so then go to 3 byte length case;

0032 81 CE CMPA #CE is op code LDX?

0034 27 10 BEQ THREE if so then go to 3 byte length case;

0036 84 FO ANDA  #FO A = A & #F0 [mask off low order nybble] ;
0038 8120 CMPA #20 is op code a branch?

003A 270B BEQ TWO if so then go to 2 byte length case;

003C 8160 CMPA #60 is op code less than #607?

003E 2508 BCS if so then go to 1 byte length case;

0040 84 30 ANDA  #30 A = A & =30 [mask to bits 5 and 4 left];
0042 8130 CMPA #30 are bits 5 and 4 equal to ‘1'?

0044 2601 BNE TWO if not then fength TWO is indicated;
0046 5C THREE INCB B := B + 1 [here for two increments] ;
0047 5C TWO INCB B := B + 1 [here for one increment] ;
0048 F7 AOOA ONE STAB BOX BOX :=B;

004B 27 10 BEQ NEXTINST  if zero in BOX then reiterate;

004D 7A AOOA DEC BOX BOX := BOX - 1;

0050 27 05 BEQ ONLYONE if one in BOX then print only one byte;
0052 BD EO C8 JSR QUTA4HS print two bytes of 3 byte instruction;
0055 2003 BRA SAVEADDR go save address for next round;

0057 BD EOCA ONLYONE JSR QUT2HS print one byte left in 2 byte instruction;
005A FF AQOC SAVEADDR STX XHI XHI := X [save pointer to next address] ;
005D 7E 0009 JMP NEXTBYTE reiterate program forever till interrupt;
Constants required:

Addr Hex Code Label Description

0064 0D 0OA 04 CRLF Carriage return, line feed, stop code in PDATA1 format;

0067 4004 ANATSGN Initialization prompting message in PDATA1 format;
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Sample listing on Teletype:

2018
2014
221D
2a29
0023
na26
2027
@02A

AS
B7
BD
FF
BD
5F
B6
81
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AQQOB
EQCA
AQQC
EQCC

A32B
8C



BOOK REVIEWS

Computer Resource Book — Algebra by
Thomas A Dwyer and Margot Critchfield,
Houghton Mifflin, Boston, 1975;8-1/4 x 11,
178 pages. Paperback $4.20.

This book contains a collection of com-
puter explorations of algebra that were
designed to be carried out in any algebra
course where a computer is available. Since
the computer programs are written in
BASIC, the book begins with a 25 page
“whirlwind tour’ of computer programming
in BASIC. Following this introduction to
BASIC are 10 sections on things to do with a
computer while learning algebra. In evalu-
ating this excellent resource book, one can
conclude that the authors have taught com-
puter programming and high school algebra,
and have taught both subjects well. Dwyer
and Critchfield have written a book which
draws the reader into becoming an interested
and active participant in learning algebra.
They were able to put themselves in the
reader’s place by asking (and answering)
some of the questions about algebra and
computer programming which puzzle stu-
dents. The book was designed to be read by
high school students as well as teachers, and
I suspect that many students will want to
take it home with them after school.

As the authors point out in the introduc-
tion, this resource book is meant to be used
in an algebra course as a supplement to a
regular algebra textbook. Access to a time
sharing system or an on site small computer
is necessary when using the book. Teachers
and students may want to integrate these
computer-related algebra topics in their regu-
lar algebra courses or select programs from
the book to use as course projects. Many of
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the BASIC programming skills needed in
using the book are presented in the prologue
and the remainder are interspersed through-
out the algebra topics.

The “Introduction to BASIC” section
begins by illustrating the differences among
system commands, BASIC statements, com-
puter programs, user input, and computer
output. The authors put the computer-
programming novice at ease by taking a
realistic, relaxed (and at times humorous)
approach to using computers. For example,
the reader is given numerous reminders at
the beginning of the book to press the
carriage return key after typing a line and is
told “don’t be afraid to make mistakes -
you won’t hurt anything.” To avoid mis-
leading the beginner, each BASIC statement
is introduced and explained in the context
of a complete, executable program rather
than as a non-executable program segment.
Sufficient margin notes are used to clarify
lines and sections of program listings and
sample executions are included with most of
the program listings.

The 10 algebra topics included in this
book are the language of algebra, operations
with real numbers, linear equations in one
variable, inequalities, open sentences in two
variables, systems of linear equations, qua-
dratic equations and functions, rational
expressions and polynomial equations,
polynomial functions and complex numbers,
and computer-generated animation. Each
algebra topic begins with a checklist of
necessary computer programming skills and
a short quiz on prerequisite knowledge of
algebra. Next, several coaching and practice
computer programs are listed and explained,
followed by a number of application pro-






grams and simulations. Most of the 125
programs which are listed are interesting
enough to elicit an “I want to try it out”
response on the part of students, and many

of the programs are unavailable in other
computer supplemented sources. Activities
such as modifying the given programs to
make them more efficient, revising programs
to make them do different things, and
creating new programs are suggested at the
end of each algebra topic.

If you want to liven up your algebra
classes with computer activities such as
building an ultramatic root finder, making
and breaking secret codes, writing robot
coaching programs, programming Honest Hal
the simulated used-car salesman, and many
others, this fascinating book is for you and
your students, Even if you only want to see
how computers can be used to enhance
learning mathematics or find some new ideas
for mathematical applications of computers,
the Computer Resource Book — Algebra is
still appropriate.

My only complaint about this book is
that it ends too soon; and where are the
computer resource books for geometry,
trigonometry, probability, and statistics?

Frederick H Bell
Associate Professor
School of Education
University of Pittsburgh
Pittsburgh PA 15260m

The Art of Computer Programming by
Donald E Knuth. Volume I: Fundamental
Algorithms. Addison-Wesley, Reading MA,
1975, $20.95.

There is some doubt in my mind as to
how to classify this series. It is undeniable
that we have here a standard, perhaps even
classic, reference work, which sits handy on
many a programmer’s desk. But it clearly is
also a text, useful for self instruction and
used in several university programming
courses. The exercises, while very instruc-
tive, could also fall in the realm of recre-
ational mathematics (another field the
author has contributed to). It even makes
entertaining reading at times (no mean feat
for a text and reference work). | suppose the
best description, however, would be that this
is a cookbook of computer algorithms.

More specifically, it deals with ‘“non-
numerical analysis.”” Numbers occur only
“coincidentally,” with more stress given to
the decision making capabilities of the com-
puter. The numeric computing which is
involved consists mainly of addition and
subtraction (these qualities are among the
stronger points of inexpensive computers,
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bless 'em). Of course, the techniques pre-
sented are also of considerable use in nu-
merical computing, as there is always a
non-numerical background in programming.

By numerical computing, | refer to the
solving of equations, finding of roots, and
other number oriented calculations (the
“traditional stuff”’). While that aspect of the
field is little covered by this series, that
doesn’t mean there is no mathematics in-
volved. Indeed, Mr Knuth is himself a
professional mathematician. This need not
scare away those who are not, however, as
the author kindly presents theory and
algorithm with the minimum math needed
to understand and use them, keeping more
difficult analysis towards the end of each
section, where only those with more interest
need tread. (Some knowledge of basic math
notation would be helpful, though.) Also
optional are the exercises which conclude
each section (the answers are included, by
the way).

If this series is not just for the mathema-
tician, who then? Everyone? Not quite. It is
aimed at the person with more than a casual
interest in computers, the programmer con-
cerned not only with how to use some one
else’s subroutines, but with how to use the
algorithms behind the subroutines to
improve his own creations. The reader’s
relationship with the computer should be
beyond the stage of introductions. For
example, Knuth suggests that the reader
should have written and debugged at least
four programs on at least one machine. (The
programmer who has written scores of pro-
grams for several machines may get at least
as much value from the series. As | say, it is
a reference, too.) It’s for you if you're
getting the hang of your programming units
(be they hex machine codes or FORTRAN
statements), and you want to start putting
them together to do something.

To connect the units with the application
in mind, you need algorithms. (Roughly, an
algorithm is a step by step procedure for
doing something,) That's what The Art of
Computer Programming is all about. The
algorithms are chiefly presented in two
forms: in a general English-language outline
form and, when appropriate, in the assembly
language for a hypothetical computer of the
author’s own concoction, MIX (the “world’s
first polyunsaturated computer”). Knuth has
several good reasons for getting us involved
with this mongrel machine (read the book),
but for our purposes there is the additional
advantage of easier translation of algorithms,
ie: from his assembly language to our assem-
bly language. While many algorithms trans-
late well to higher level languages like






Interested in Notes about Electronic Music?

Electronotes is the name of an excellent
newsletter which will be of interest to
anyone who is into electronic music
experimentation. Published by Bernie A
Hutchins, it is subtitled “Newsletter of the
Musical Engineering Group.”” The address is
203 Snyder Hill Rd, Ithaca NY
14850 . .. write for information on signing
up for a subscription. The price of a typical
subscription is $16 for one year.

Bernie sent BYTE several copies of the
newsletter, and a reprint book entitled
Musical Engineer’s Huandbook. The news-
letter has been published by him and his
associates for several years, and is circulated
to a select group of electronic music people.
The beginnings of microprocessor automa-
tion in traditional electronic music are found
in the pages of FElectronotes where the
November 1975 issue, EN#59, starts a series
of tutorials on what a microprocessor can do
for the electronic musician, written in terms
familiar to the music person. The author of
the series, which extends through four issues
of Electronotes, is Bill Hemsath. The theme
is continued in the March 1976 issue where
Douglas Kraul discusses some elementary

points about ‘“‘Analog Interfaces for Micro-
processor Systems.”” Electronotes is jammed
fult of information on circuitry and equip-
ment needed to produce electronic music
sounds, and will provide an excellent and
specialized forum for those who want to
find out about progress in this field.

The Musical Engineer’s Handbook is a
publication in the same vein, as one might
expect since it is made up of materials
based upon past issues of Electronotes.
Its dedication reads: “This book is dedicated
to musicians everywhere and of all times,
without whom many of us would have only
electronics to do.” It is a very thick photo
offset publication (354 pages) in a GBC
binding, containing fundamental informa-
tion on the technology of electronics in
music applications. The book has a combina-
tion of background theory with numerous
practical applications circuits. It is an essen-
tial sourcebook for anyone seriously
interested in the art and practices of elec-
tronic music. The book is available from
Electronotes for $18, in return for which
you’ll get thousands of dollars worth of
ideas.m

P.C. cards made simple=with COPYDAT!

similar product,

. Prepare the 1X artwork, using an opaque layout aid such as Chartpak, Bishop Graphics, or other

. Make a negative: Place the artwork face down, cover with the negative material colored film side

up {we recommend Scotchcal products), and expose with the Copydat. Typical exposure time is

1.5 minutes.

. Develop the negative in developer provided with negative material.
. Attach negative to pre-sensitized face of copper board. Place board and negative face down on

Copydat. Expose. Typical exposure time: 30 seconds.

Etch the board.

As a finishing touch, tin the board to avoid oxidation of the copper and to improve solderability.

. Save the negative for reuse, and develop the board in the developer provided.
6.
7.

Result: acustom, high quality, single-sided P.C. board.
With careful alignment, you can make doublesided boards too!

Alternatively, buy high-quality hardware assemblers from us — and these are predrilled as well (and

feature plated-through holes):

P.S. The Copydat does a lot more than make high-quality P.C. boards. It makes superior blueline,
blackline, sepia, and other diazo process copies, and you can make pressure-sensitive labels with it
and even instrument front panels from pre-sensitized metal plates ! !

——

=

from $149.95 (B size prints)
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CELDAT Design Assoc.
P.O. Box 752
Amherst, N.H. 03031






























attachments such as Teletypes, power sup-
plies, or memory expansions to provide basic
programming capability and computer
operation. Many expansion options are avail-
able, including communications, real-time
and DMA interfaces, memory expansions,
and various add-on CPUs,

A 40 key keyboard for control and data
entry is mounted on the front of the
ETC-1000. This keyboard includes a full set
of hexadecimal keys for data and address
entry, system function keys such as load,
reset, examine memory, etc. Eight special
function keys which may be sensed under
program control by the user are available for
assignment to user-specified functions.

An 8 digit LED panel display is also
contained in the ETC-1000 control unit to
display memory contents, system status and
user programmed information.

The ETC-1000 contains a direct input
output system consisting of eight latched
output lines and eight latching input lines
which may be used under program control
to operate external devices. A hardware
interrupt system with two levels is standard;
eight additional levels are available. The
company says one or two independent full
duplex communications streams at speeds
between 110 and 1200 bits per second are

supported by the ETC-1000 basic system
when appropriate  PROMs are included.
Selection of speed is accomplished auto-
matically by the hardware. 20 mA DC cur-
rent loop interfaces are provided as standard,
with EIA RS-232C capability optional.

The ETC-1000 CPU consists of a MOS
Technology 6502 8 bit CPU, plus clocks,
control logic, interface buffers, 1024 bytes
of high speed RAM, and 256 bytes of ROM
containing system control functions.

Software currently available includes a
resident assembler, 10 handlers, diagnostics
and other support tools. The manufacturer
says that BASIC and PLM support are
expected to be available during the third
quarter of 1976.

Availability of standard configurations is
30-60 days.m

Attention Analog Interfacers . ...

National Semiconductor Corporation has
just announced a new building block for
analog input interfaces. This is the MM5356
8 bit analog to digital converter. The func-
tion provided by this chip is converting an
input voltage of typically 0 to 10 V or =5 to
+5 V into an 8 bit binary word. In order to
operate properly, the circuit requires a con-

Stamp Out Cybercrud

COMPUTER

Bv'[ PETERBOROUGH, NH 03458

Have you every been victimized by
one of a myriad computer based inter-
personal putdowns? In Ted Nelson's
book, Computer Lib/Dream Machines,
you'll find an excellent essay on the
nature of this “cybercrud.”

Have you ever wondered where to go
for a basic starting point in your guest
for information about computer applica-
tions and uses? Ted Nelson's book,
Computer Lib/Dream Machines, is the
place for you to begin.

Computer Lib/Dream Machines is for
the layman — the person who is intelli-
gent and inguisitive about computers. It
is written and self published by a
philosopher who is also a self confessed
computer fan and an excellent teacher of
basic concepts. (For those who have not
yet heard, ivory towers are constructed
out of real and substantial white bricks.)
The most important aspect of this book

r ;
Please add 50 cents for postage and handling.

is its inspirational data content. The
machines we're all busy working on are
deep personal expressions, and not the
cold and inhuman monsters of the tradi-
tional stereotype. The book defines
many of the terms and explains many of
the techniques which can be used in the
personal computer systems we're all
busy constructing and programming. It
performs this service in a way which
adds color and excitement to this newest
of art forms, the computer application.

Computer Lib/Dream Machines is
must reading for the beginner, and is also
a refreshing self examination for the oid
hand at programming and systems work.

You can order your copy of Com-
puter Lib/Dream Machines from BYTE's
Books for $7. Send your order today to
BYTE’s Books, 70 Main St, Peter-
borough NH 03458. Help stamp out
cybercrud.

Please allow six weeks for delivery.

| Send copies of Computer Lib/Dream Machines to:
|

| Name

I Address

|

| City State Zip
| ) Check enclosed

} 1 Bill MC # Exp. Date
| 1 Bill BA # Exp. Date
| Signature

|
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Excerpts from Future History

John W Burgeson
101 Skyline Rd
Georgetown TX 78626

The following series of passages was compiled by reader fohn W Burgeson
in a term paper he wrote for his “history of technology’’ course in the spring
term of '25. Note how the attitudes remain the same, but the objects of the

attitudes evolve with time.

Who Wants an Automobile?

Toward the end of the last century,
nobody “wanted” an automobile. Whether
the invention of the horseless buggy was due
to accident, play, tinkering or rational
thinking on the part of people endowed with
mechanical abilities is immaterial for our
purposes. Surely the invention did not
originate with the consumer and was not
made with an eye to prevailing consumer
wants. Even when the first cars appeared on
the road and for many years thereafter, their
use for mass transportation was envisaged
neither by producers nor by consumers. But
today, even small children in America feel
the need for a car to take them and their
parents shopping, visiting, and later to
school. Between the early days of the
automobile and the present situation there
was a long period of social learning. The
learning process was, of course, not spon-
taneous; first of all, it could not have taken
place without the original invention; second,
it was a function of numerous stimuli —
personal experience, education, and reading,
as well as propaganda and advertising. Thus
it may be said that wants for automobiles
were induced, or to use Galbraith’s term,
“contrived.” But are not most of our wants
contrived in this sense? And are not most of
our contrived wants, in a certain sense,
original with the buyer? It can hardly be said
that such want-creation is artificial.

George Katona, The Mass Consumption
Society, New York, McGraw Hill, 1964, page
55.

Who Wants a Percom?

Toward the middle of the 1970s, nobody
“wanted” a percom. Whether the invention
of the personal computer was due to acci-
dent, play, tinkering or rational thinking on
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the part of people endowed with electronic
abilities is immaterial for our purposes.
Surely the invention did not originate with
the consumer and was not made with an eye
to prevailing consumer wants. Even when
the first computers appeared in the offices
of large companies and for many vyears
thereafter, their use for mass personal use
was enyisaged neither by producers nor by
consumers. But today, even small children in
America feel the need for a percom to help
them and their parents manage their affairs,
help them with schoolwork, entertain them
with electronic games and the like. Between
the early days of the percom and the present
situation there was a long period of social
learning. The learning process was, of course,
not spontaneous; first of all, it could not
have taken place without the original inven-
tion; second, it was a function of numerous
stimuli — personal experience, education,
and reading, as well as propaganda and
advertising. Thus it may be said that wants
for percoms were induced, or to use Gal-
braith’s term, “contrived.” But are not most
of our wants contrived in this sense? And are
not most of our contrived wants, in a certain
sense, original with the buyer? It can hardly
be said that such want-creation is artificial.

George Katona fr, The Mass Consumption
Society (Second edition), New York,
McGraw Hill, 1996, page 55.

Who Wants a Homer?

Toward the end of the last century,
nobody “wanted” a homer. Whether the
invention of the home robot-computer was
due to accident, play, tinkering or rational
thinking on the part of people endowed with
cybernetic abilities is immaterial for our
purposes. Surely the invention did not
originate with the consumer and was not






The formal organizations used for clubs and societies can range from the
totally informal (one person arranging a regular meeting place) to the setting
up of all sorts of corporate nonprofit organizational structures, etc. The
informal versions usually work best for small groups; formal organization
tends to increase with the size of the group. Whatever the case, the less time
spent on long drawn out nitpicking at business meetings, the more time there
is to devote to more interesting matters. . ..

Meeting Activities
for Computer Clubs

Dr Charles F Douds
381 Poplar St
Winnetka IL 60093

A bunch of you got together and started
a computer group? Congratulations! That is
a good thing for this wonderful and fast
growing hobby. You are meeting once every
month? Fine, that will help to spread the
word about the latest products, glitches, and
cures. New people keep showing up at your
meetings wondering what it is all about?
That's the way it went in Chicago, too. And
lots of other places, I'm sure. But now
you've gotten to know each other, you're
beginning to wonder what you should do at
your meetings.

That is an important point. The activities
at meetings can make or break such an
organization. People don't have to come,
and they won’t if they don’t get something
out of them. They want many different
kinds of things. They want to learn some-
thing. They want to share their ideas. They
want to ask questions. They want to social-
ize. They want to see things. They want
help. Of course, not everyone wants all of
these at the same time and most people
don’t want the same thing all the time.
Variety and choice are important. If you
look around you at other successful special
interest organizations you will find many
ideas for the kinds of things you might do.
Here are some that | found.
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Lectures

This is often the first thing you will think
of, and quite easy to organize. The lecture
may be by one of your own members or
somebody invited in from outside. It could
be an engineer or analyst from a local firm; a
college professor; a sales engineer from one
of the big electronics firms or other com-
pany utilizing electronics products. The
bigger firms might even send somebody in.

Arrangements should be made well in
advance. Usually you will do this in person
or by phone and follow it up with a letter.
Be sure to include detailed instructions on
how to get to the meeting location. Of
course, you have to get it set up in time to
publicize the speaker and his topic. Perhaps
he can join you for a meal before or after.
Don’t forget to send a letter of thanks
afterwards. Better yet if you can send it to
his boss when that is appropriate.

There are two main problems with
lectures. One is finding out how good the
speaker is beforenhand. A major problem here
is that he or she may be good for one kind
of audience, but not for yours. It is very
likely that your group will be a very mixed
bag of hardware types, software types, and
enthusiastic types that don’t know much



Activities at meetings of computer organizations can

make or break the group.

about hardware or software. That poses a
real problem to a speaker in front of a large
group.

The other problem with lectures is having
too many of them. They are about the
easiest kind of program to arrange, but
people get tired of being talked at. Dis-
cussion with large groups doesn’t work too
well. A couple of poor speakers in a row can
easily turn off a whole group. Program
variety and member choice are important
ingredients to a successful group.

Clinics

Clinics are less formal and often involve
smaller groups than a lecture. More than one
clinic can go on at the same time. People
have a choice and different types of topics
can be handled. A clinic is usually limited,
for example, to one hour. It may also be a
lecture, but it can take many different
forms. The topics covered can be just about
anything. They might include: design of an
10 circuit, printed circuit artwork tech-
niques, debugging procedures, an overview
of high level languages, etc. The presentation
may be in the lecture mode, or the author
might simply talk, work on a blackboard,
use flip charts, work at his computer key-
board, or use slides or transparencies.

Clinics are greatly enhanced if a handout
is provided. It may be just a list of key
points or provide details about what is being
discussed. Sometimes a marketing minded
manufacturer may be willing to provide
material to a local member presenting a
clinic about the manufacturer’s equipment.
For reference purposes handouts should
include the author’s name and address.

If hardware is used or demonstrated, you
nced to make sure that the group is small so
that everyone can see. If you are meeting in
a high school or a college and have a crowd,
you might be able to use a closed circuit TV
so that the people in the back of the room
don’t go away saying it was lousy, while the
ones in the front say it was great. For the
same reason, consider the use of PA systems
if you are likely to have a large audiencc.

It is very important that the host check
up well beforehand to find out what the
author will need and what he or she is going
to bring. Assume that the speaker will forget
things like extension cords, chalk, and
erasers. It is particularly important to check
on projectors, screens, and electrical outlets.
Make sure that they actually have power in
them. Find out where the lighting switches
are {especially in motels and hotels!) and
where the background music can be turned
off. Again, don’t forget the thank you
letters.

When you get to the point that on
occasion several clubs get together for a
“meet” that might last a weekend, or you
decide to put on areal bash in just your own
group, you will probably have several clinics.

This is great because people can then get
to the topics that particularly interest them,
and still not be trapped in a room for
something they care little about. But many
people will want to get to all the clinics. This
can sometimes be worked out by careful
scheduling and persuading the authors to
present their clinics twice. This isn’t quite as
bad for the author as it sounds. An hour
clinic is really only 50 minutes and usually
at least another 10 minutes should be
allowed for questions. Besides, the practice
is good for him or her. (I expect 1o see a lot
more women actively involved in this hobby
than in other comparable ones such as ham
radio or model railroading.)

Demonstration (“Hall’”’} Clinics

If you don’t have a lot of rooms for all
the clinics you would like to provide, or if
you just have one big room where several
speakers would interferc with cach other,
“hall” clinics might solve your problem.
They can literally be set up in the halls; but
more usually a number of them will be held
in a large room — the kind that used to be
called a hall.

In the demonstration clinics one person
does his thing for an extended period of
time. Perhaps he is assembling a kit, laying
out the artwork for a printed circuit board,
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A lecture, with a good
speaker on a topic of inter-
est to the group, is one of
the easiest types of activ-
ity to organize.

NOTE:

A brief version of this
article originally appeared in
the Micro-8 Newsletter, vol 2,
no 2.



A panel discussion, with or
without audience partici-
pation, can be a good
round robin affair which
helps clarify and present
concepts on a given theme.

demonstrating his operating system, or what-
ever. The topics may be similar to the
regular clinics, but the format is different.
The author does not lecture. He simply talks
about what he is doing. He explains and
answers guestions as he goes along. This
gives people the chance to see all the details
and exactly how things are done. People are
free to move from one demonstration to the
next spending as long as they like at each.

It is often important that tables or
railings be set up to keep people a few feet
back. This makes it possible for a half dozen
or so people to see, while still being close
enough to observe the details. It is best
arranged so that the demonstrator can hand
things to the viewers if he wishes to.

Participation Clinics

These clinics would be called “labs™ in a
school curriculum. The audicnce gets their
heads and hands into the topic and learns by
doing. These are good for such things as
lessons on programming or introductory
circuit design. These clinics require very
careful preparation by the author. He or she
should fully test out the lesson beforehand.
Of course, not a whole lot can be accom-
plished in an hour or two, but the most
important thing is that it gets people started.
The author can only do a little bit of
teaching, followed by a lot of individual
helping. Often these kinds of clinics are best
run by two people working together.

If equipment is going to be used — pin
boards, voltmeters, etc — it may be neces-
sary to have people sign up beforchand.
Sometimes it may be possible to have people
work in pairs. As long as the room doesn’t
get too crowded, it may be possible to let
others in as spectators. The host should be
prepared to shoo out excess people. The
author will appreciate not having to do this
for he or she may be busy with the
instruction.

Make sure that there will be enough
materials available for a reasonable number
of people to participate. Don’t call it a
“participation” clinic if only two or three
can do so.

Do It Yourself Clinics

In these kinds of clinic the audicnce
builds something and takes home a working
device. They are immensely popular if
adequately publicized, but they often
require a lot of work to prepare. The item is
announced beforehand. It might be a logic
probe or a simple power supply. Participants
send in their checks for the cost of parts.
The announcement includes the list of tools
needed, specified very exactly. (You would
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be amazed at the variety of soldering irons
and pliers model railroaders will bring to
build a printed circuit item!)

At the clinic the author then shows the
participants how to build the device step by
step. It is very important that there be
adequate facilities for checking the devices,
too. You are trying to provide people with
their first success in a new (for them)
endeavor. There is nothing like the feeling of
going home with a gadget you know for sure
works.

Obviously, it is important that the project
be small enough so that it can be built and
tested by the neophyte in the available time.
It is important that this be checked out
beforehand. If there are more than six or
eight participants, the author should have
one or two helpers — people who know a
capacitor from a resistor, can read the color
code, and who can recognize a cold-soldered
joint.

It might be possible to have “advanced
level” clinics of this sort. The problem is
that people who are not adequately ad-
vanced will still sign up anyway. Not only
are they likely to go away dissatisfied, but
the author may get trapped into having to
rebuild a half dozen units for these people.
Keep the projects simple and short. With the
complex chips available today, one still
might be able to come up with relatively
sophisticated projects.

Of course, other variations are possible. If
it were clearly advertised as such in advance,
it might be possible to start construction at
one meeting and complete it at a second
meeting. The more advanced builders would
probably complete the project and be able
to test it themselves, so the second session
would involve a smaller group.

The host should make sure that there are
suitable tables and adequate power outlets
to accommodate all participants.

Show and Tell Sessions

Here we take a page out of the stamp
collector’s and photographer’s book. It is a
lot of fun to simply see each other’s equip-
ment. So much the better if it is up and
working, but projects under construction
can be very interesting, too.

| suppose you could even have prizes for
the best shaped letters on a TV set — with a
separate class for monitors. How about one
for the hardest to read Teletype? Or the
prettiest set up? Or the worst {or would it be
“best’’?) job of haywiring that actually
works! The possibilities are endless. Why not
announce that there will be prizes, but not
announce the categories. | would expect that
altogether too soon we will be having too






Swap shops and auctions, formal or informal, can be
a good addition to a meeting which helps to solve
nagging problems of what to do with surplus junk or
where to find that critical part or subsystem (which
is, of course, someone else’s surplus junk).
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many committees working on too many
prizes, although | must admit that contests
do seem to stir up intercst and provide real
progress among enthusiasts.

| think that the most important aspect of
individual displays, apart from the conversa-
tions that develop, are the many ideas that
one can acquire in such a short time. These
may be little details that make life easier or
they may be whole new vistas that weren’t
really meaningful until seen “in the flesh.”

Workshops

Workshops can take many forms, cover
many subjects, and be conducted in many
ways. An expert might work on debugging
equipment that participants bring in. Or two
or three people might design a special
interface. The area is set up in such a way
that the audience can watch and listen, but
they do not participate. It is important, of
course, that the experts do their thinking
out loud. Again, a PA system or closed
circuit TV may be helpful.

A second type of workshop is essentially
a ‘“closed door” session, at least once it
starts. Discussion among all the participants
is expected. The output of such a workshop
is often something that is going to benefit
the whole club or others. For instance, the
workshop might be devoted to developing a
chart comparing the characteristics of cer-
tain types of kits, developing the rules and
standards for a local computer conferencing
network, or other such things. The output of
the workshop might become a regular clinic
at another meeting. Such workshops require
minimal facilities on the part of the host,
but the participants certainly have to come
adequately prepared and a competent dis-
cussion leader is needed.

Panel Discussions

A good panel discussion can fit into many
types of programs. The topic area should be
definite, but not too narrow, ordinarily, for
a hobby group. Sometimes the usual kind of
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panel discussion, where the discussants speak
their pieces then argue back and forth, is
appropriate; but it is probably better for a
computer group meeting to have a question
and answer panel. The audience asks
questions, and one or more panel members
tell how they handle the problem. Some-
times members of the audience turn out to
have good suggestions, too.

The moderator is the key person in
setting up a panel. He or she must not hog
the stage, must be able to summarize long or
confused questions, and have a facility for
steering the discussion among the panel
members. The biggest difficulty is in getting
the audience participating. !t is often wise to
have several questions planted with a few
friends in the audience. It is entirely natural
for people to hesitate to speak up in a crowd
until they hear one or two questions that
they recognize as being as simple, or simpler,
than theirs. A dozen people may have the
question in mind, but no one wants to be
first. The other important point is to stop
the session while the questions are still
coming. Stop at a high point, not in a valley
— and everyone will go away thinking how
great it was.

Tape Slide Programs

Many of the activities above can be
worked up into a prepackaged recorded
program with accompanying slides. The
visuals probably should be 35 mm slides
because projection equipment is always
available. [t might be possible to use cassette
tapes, but standard reels are probably better.
The problem is that it may be awkward to
get adequate sound volume for an ordinary
size audience from a cassette machine, while
there is seldom a problem with an ordinary
home tape recorder.

Tape slide programs can be made success-
fully by amateurs, but they do not work out
by simply recording a live clinic even if it
uses a lot of slides. A script has to be
prepared and worked over. The final taping
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should not be done by reading from the
script unless the person is a professional
actor or announcer. A clear, distinct cue
signal, described at the very beginning of the
tape, must also be provided. It takes a lot of
work to put together a good tape slide
program, but the results can be well worth
it. They provide direct access to top notch
information, especially for those groups in
remote locations.

This is one way that the manufacturers
might be able to make a name for them-
selves. Even if a program were purely pro-
motional, it still would be interesting to
meet the people at the plant, see their
facilities, and to watch their products in
action. Of course, it would be even better if
they would go into the unique features and
application possibilities.

As an example of such materials in a
specialized field, the National Model Rail-
road Association has over 30 such programs
available to its members for a deposit and
return postage (educational material rate).
The waiting list is months long.

Tours

With a little imagination, some pleading
and cajoling, and a bit of persistence, you
may be able to come up with some fas-
cinating tours. Many of your group may
never have seen a big computer installation.
If they have, then they probably haven’t
seen a manufacturing operation. Or how
about an automated security system? It does
not matter if there are no electronics manu-
facturers around; there undoubtedly will be
many applications nearby. Then there are
the potential applications . . . quarries,
turkey farms, mushroom growers, etc.

But don’t forget your own members.
Maybe some of them would be willing to
show how they have things set up at home.
Devise a way to get reasonably small groups
around to several homes, making sure that
only those who are wanted stay on until the
wee hours of the night.

Swap Shops and Auctions

Auctions are a lot of fun. If you are
having a two-day affair, schedule one for
around 10 in the evening. [t may last until 2
AM, but everyone has a lot of fun — except,
perhaps, for the auctioneer. It usually takes
a crew of people to put on a reasonable size
auction. They need to be adequately pre-
pared with a good set of forms, display
tables, and enough space.

The usual type of swap session, along the
lines of an amateur radio “hamfest” is well
known, where everyone selling gets some
table space and makes his own deals. While
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auctions can easily collect a percentage of
the sale price (often 10%), swap sessions are
more easily handled by the host organiza-
tions collecting a fixed entrance fee from
sellers, buyers, and lookers.

As a service to its members, there could
be a swap session bulletin board at every
meeting. Just bring a cork board, a bunch of
3 X 5 cards, and some thumb tacks. Even if
the program scheduled flops, you might still
pick up a bargain.

Mixer Sessions

If your club is small, everyone will soon
get to know what each other’s interests are;
but once it gets over 30 or so people, this
will no longer be true. There will be the
devoted core who are doing most of the
work organizing these programs and doing
all the other things that need to be done. iIf
you are one of them and think you know
everyone’s interests, you will probably dis-
cover that there are a lot of people showing
up who don’t know. At this point it is time
for a mixer session.

Try putting signs up on the walls with
words indicating topics for discussion. These
might be the names of manufacturers, types
of equipment, programming projects, etc. At
this point a bit of the summer camp
counselor is needed to get the people to
assemble in these areas and to discuss the
topic. Of course, it would be wise to have a
few people designated to cover each one and
to handle the initial introductions.

Once when | attended a regional model
railroad convention, | wanted to find all the
people 1 could who were interested in
applying electronics to that hobby. | hung a
piece of cardboard on my back with a few
key words in large letters, met several
interesting people, and was given the names
of several others not at the convention.
When a speaker has to cancel out at the last
minute, you might try that idea. Hang a sign
on everyone's back as they come in the
door. | bet it will be one of your top-rated
meetings.

Contests

Contests in many special interest and
hobby groups often seem to wind up taking
on a life of their own, leaving most of the
membership out. Most contests can be won
by the liberal application of not just skill
and time, but also money. They certainly
can provide an incentive to improve designs
and techniques. A major problem is to
determine what the goals of the contest are
to be. It seems to me that for a bunch of
enthusiasts, they should be to encourage
participation and to have fun. They



shouldn’t get out of hand in terms of skill or
money demands. When this happens, they
just become spectator events. [n my opinion,
the major goal of contests should be to
encourage active participation. We have
enough TV watchers now; let's apply our
imaginations and have more keyboard
button punchers and TVT watchers!

Business Meetings

We hate them, but we can’t seem to get
along without them. Every organization has
to have business meetings. Unfortunately,
the kind of people who enjoy business
meetings tend to be the ones who run them.
Certainly there is little reason why a com-
puter hobbyists group has to have a business
meeting involving everyone as a part of every
meeting. The amount of time spent on
business meetings should be minimal!

The work of the organization should be
done outside the whole group sessions by a
steering committee. Undoubtedly, you will
wind up electing officers (although the
Chicago Area Computer Hobbyists Exchange
operated for more than a year without
any). The really important thing is for all to
know who is making what kind of decisions
or taking what type of actions. You can have
officers and still be very confused about this.
The titles don’t make the difference. Some-
times they just seem to attract people who
like titles for the sake of having the titles.

However, it is vital that procedures be
maintained so that actions by the few can be
overruled by the whole body, or a clique
thrown out, when necessary. You are never
close minded, secretive, or not doing things
in the best interests of the organization, of
course. But you can only prove this by
making it easy for others to do things
differently than what you think is best.
Make it easy, and they will probably go
along with you.

Do not overorganize! There is very little
that needs to be “business like” about a
hobby organization. It is not a business.
People come voluntarily. They come to
learn, for relaxation, for fun. The avocation
is computers. It is not setting up committees
for everything, or writing rules, regulations,
and procedures inappropriate for an organi-
zation of volunteers.

Do set up committees, but only as needed
to ensure that things get done, or to keep
the organizational types out of everyone
else’s hair.

Keep the business meetings short and to
the point. Provide a variety of types of
programs. Don’t be afraid to experiment.
Provide choice and change. You'll have a
great club.m

BRINGING You TRE BEST 1N INNOVATIVE COMPUTER
BOOKS , MAGAZINES, ART PRINTS,
AND OTRER. 40OD STUFF !

Creative Computing Magazin

A bi-monthly 88-page magazine for students, hobbyists, and anyone curious
about computers. Fiction, articles, humor about computers, cybernetics,
careers, building nfo., etc. Emphasis on games, puzzles, and projects.
Contemporary, non-technical approach. Subscription: £5.00 (UK), $8.00 (USA),
$10.00 {Other).

Games & Puzzles Issue of
Creative Computing
88 pages of games and puzzles for pocket calculators, computers, and humans.
“Beating the Game,” “Computer Chess,” “Hunting a Wumpus in a Cave,”
building your own computer, reviews of 24 games, books, and much more! £1.00
(UK), $1.50 (USA), $2.00 {Other).
Futures Issue of Creative Computing

Artificial Intelligence {Bertram Raphael, Herbert Dryfus, etc.), Extraterrestrial
Inteligence {Isaac Asimov, Martin Harwit, etc.), microprocessors, videodiscs as
an ultimate computer mput device, 4 new games, and more. 88 big pages! £1.00
(UK), $1.50 (USA). $2.00 (Other).

Artist and Computer

A high-quality. 4-color book edited by Ruth Leavitt which displays the work of 35
internationally-known computer artists. Each artist describes his or her work in
non-technical terms. 16 illustrations. £3.35 (UK), $5.70 (USA), $6.70 (Other).

101 BASIC Computer Games

A collection of 101 games in BASIC, each one with a complete listing, sample run,
and write-up. Over 30,000 copies sold. 248 pages. £4.75 (UK), $8.25 (USA),
$9.25 (Other).

The Best of Creative Computing

A 328-page book featuring stories by Isaac Asimov and others; articles on
cybernetics, robots, computer crime, privacy, computer games such as Star
Trek, Rabbit Chase, Magic Square, Madlib, and 14 more; super computer
graphics: cartoons; reviews: poetry: and more! £5.50 (UK), $9.70 {USA),
$10.70 (Other).

Creative Computing T-Shirt

Albert Einstein portrait produced by Blocpix™ process. Scarlet trim, black
?Oetsrl‘gn). Available in adult sizes: S, M, L, XL. £2.50 (UK), $4.00 (USA), $5.00
er).

Star Trek People Computer Images

Six 8'.x11 computer images on heavy stock of Kirk, Spock, McCoy, Scott,
Chekov, and T'Pring. £1.00 (UK), $1.50 (USA)}, $2.00 (Other).

Mr. Spock Computer Image

Big 17x22" computer scanner image. Heavy stock. Comes in strong mailing
tube. £1.00 (UK), $1.50 (USA}, $2.00 {Other).

Onder~ m the UK
Creative Computing
60 Porchester Road
Southampton S02 74D, England

Order 1 the USA and elsewhere

Creative Computing
P.0.Box 789-M
Morristown, N.J.07960, U.S.A.
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Clubs

and Newsletters

LICA of NY

In issue number 5 of STACK, the news-
letter of the Long Island Computer Associ-
ation, is a department heading “LICA,
Where Goest Thou?”, written by Albert L
deGraffenried. [t describes the double-bar-
reled reward of exchange of information,
and comradery, which is also found in other
types of clubs, as well as hidden assets, such
as the easy crossing of age and credentials
boundaries. There are group benefits too,
both given and received, and Al cites what
radio hams have contributed to the com-
munity in times of disaster. This leads to
what a computer club has: “group power” —
the unique ability to solve numerically large
problems which may have substantial social
impact and perhaps dollar returns for the
club.

Al may have hit upon a really good idea.
Maybe your particular community has a
need that your club or group could fill. This
could be an area to explore. We'll be looking
forward to seeing what progress LICA makes
in this direction, in future issues.

Morris Balamut is editor of STACK, POB
864, Jamaica NY 11431.
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AMRAD Computerfest

The Amateur Radio Research and Devel-
opment Corp is sponsoring a Computerfest
to be held on October 24 1976 at the
Vienna Community Center, 120 Cherry St,
Vienna VA, near Exit 11S of the Washington
DC Beltway. The exposition will be almost
entirely devoted to small computers of the
type suitable for home use. There will be
displays of microcomputer systems by
various manufacturers’ reps, as well as tables
for used or surplus equipment, circuit boards
and parts. Admission will be $4 at the door,
$3.50 advance registration by mail. Make
checks payable to AMRAD. Write: COM-
PUTERFEST, POB 682, McLean VA 22101.

AMRAD is a nonprofit club. The mem-
bers for the most part have amateur radio
licenses, although two thirds of their ac-
tivities are now focused on microcomputer
subjects.

Denver Amateur Computer
Society — DACS

DACS has informed us of the appoint-
ment of Jim Clark as the new editor of the
DACS newsletter. They would like to set up
an exchange of newsletters with other clubs.
Send your newsletters to Jim Clark, 538 So
Swadley St, Denver CO 80228.

Tektronix 4051 Users Group

Vic Kley, POB 2117, Berkeley CA 94702,
is an enthusiastic user of the Tektronix 4051
scientific computer. This is a machine which
has a desk top package including keyboard
and storage tube vector graphics display, as
well as built-in mass storage and BASIC
interpreter. Its internal architecture is that
of a Motorola 6800, and it interfaces for
scientific use to the IEEE 488 parallel bus
standard (the Hewlett Packard instrumenta-
tion bus).

To date, there has been no organized
user’s group for this machine. Vic Kley
would like to remedy that situation. Any
persons interested in the concept of an
independent 4051 users group should con-
tact him at the above address.

CENOACA

Lee Lilly of the Central Oklahoma
Amateur Computing Association issues a
newsletter called NEWSBITS and offers to
establish a regular exchange of newsletters
with other clubs. Write: CENOACA, Box
2213, Norman OK 13069. Anyone in-
terested in joining the club? They meet on
the second Saturday of each month at
10 AM in the Oklahoma City Warr Acres



S.D.SALES CO.

P.0.BOX 28810-B
DALLAS, TEXAS 75228

4K LOW POWER RAM BOARD KIT

Imsai and Altair 8080 plug in compatible.

Uses low power static
21L02—1 500 ns. RAM’s, which are included.
drastically reduced power consumption, on board regulated, all
sockets and parts included. Premium quality plated thru PC Board.

THE WHOLE WORKS

$89.95

Fully buffered,

8 Digit LED
"“"METRIC MASTER"

$19.95

“RAPID MAN — 12"

$29.95

complete functions.

$1,000,000 CALCULATOR PURCHASE!
We bought the entire stock of a major manufacturer. New, guaranteed units.

Five functions PLUS complete Metric Conversion functions.
chargeable batteries.

12 Digit — Desk Top Style. Sturdy design. With memory and four

Re-

Small, hand held size. With AC charger.

Big, bright display.

ALARM CLOCK KIT SIX DIGIT LED 60 HZ CRYSTAL TIME BASE —
Thousands of hobbyists have bought and built our original clock FOR DIGITAL CLOCKS s 5 95
kit and were completely satisfied. But we have received many S. D. SALES EXCILUSIVE! L]
requests for an alarm clock kit with the same value and quality KIT FEATURES:
that you have come to expect from S.D. So, here it is! A. 60 hz output with accuracy comparable to a digital watch
THE KIT INCLUDES: 8. Directiy interfaces with all MOS Clock chips
1 Mostek 50252 Alarm Clock Chip C. Super low power consumption (1.5 Ma typ.)
6 Hewlett Packard .30 in. common cathode readouts D. Uses latest MOS 17 stage divider IC
15 NPN Driver Transistors E. Eliminates forever the problem of AC line glitches
2 Switches for time set F. Perfect for cars, boats, campers, or even for portable clocks
2 Siide Switches for alarm set and enable at ham field days. BUY TWO FOR $10.00!
1 Filter Cap $9 9 5 G. Small size, can be used in existing enclosures.
4 [IN4002 Rectifiers a KIT INCLUDES CRYSTAL, DIVIDER IC, PC BOARD PLUS ALL
1 IN914 Diode OTHER NECESSARY PARTS AND SPECS.
%5 .é)l .Dtisc Cap
esistors
1 Speaker for alarm PCB — $3.00 TTL |NTEGRATED C|RCU|TS
1 LED lamp for PM indicator XFMR —$1.50 | 7400 — 19¢ 7430 —19c 76 — 35 74153 — 75c
' 7402 — 19c 7432 — 34c 7480 — 49c 74154 — 1.00
74L04 — 29c 7437 — 39c¢ 7483 — 95¢ 74157 — 75c¢
MOTOROLA RTL IC'S 74504 — 44c 7438 — 39c¢ 7485 — 95¢c 74161 — 95c
Brand new, factory prime. Hard to find, but still used in a variety 7404 — 19c¢ 7440 — 19c¢ 7586 — 45¢c¢c 74164 — 1.10
of projects. (See the RTL Cookbook by Howard W. Sams.) 7406 — 29c 7447 — 85c¢ 7490 — 65¢ 74165 — 1.10
MC724P — 59c¢ MC780P — 89C MC791P — 69c 7408 — 19c 7448 — 85¢ 7492 — 75c¢ 74174 — 95c
MC725P — 59c MC785P — 49¢ MC792P — 59c¢ 7410 — 19c 7451 — 19¢ 7495 — 75¢c 74181 — 2.50
MC764P — 49c¢ MC787P — 89c MC799P — 59c¢ 7411 — 29c¢ 7453 — 19c¢ 7496 — 89c¢ 74191 — 1.25
MC767P — 69c MC788P — 49c MC970P — 89c 7413 — 50c 7473 — 39c¢ 74121 — 38¢ 74192 — 1.25
MC771P — 49c MC789P — 59¢ MC9709P — 69c 7420 — 19c¢ 7474 — 35¢ 74123 — 65¢c 74193 — 1.00
MC775P — B9c¢ MC790P — 89c MC9760P — 69c¢ 7575 — 35¢ 74141 — 75¢c¢ 74195 — 69c

“CUBO”

out their entire
boxed.

vomp

D
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—DIGITAL ALARM CLOCK CUBE

A PERFECT GIFT — NOT A KIT!
The CUBQ Alarm Ciock mfg. by Corvus, division of
MOSTEK CORP, Originally sold for $49.95. We bought
inventory.
Mini size (212"

4 Digit H.P. Bright Display

;ie}gond ;iland" ll_ézl'r_']) Activi’fy!vlndifcator ¢ EACH
our Alarm; our real time forma

10 Minute Snooze (Add 75c P.&H.)

Auto Display Dimming — Adjusts to Ambient Light

AM/PM |ndicator

Power Failure Indicator

ses Famous Mostek MK50250 MOS LSI IC

All new, individually gjft
cube) with maxi performance.

1000 MFD FILTER CAPS
Rated 35 WVDC. Upright style
with P, C. leads. Most popular

FEATURES: $1495

MOTOROLA POWER DARLINGTON
Back in Stock!
Like MJ3001. NPN 80V. 10A. HFE
6000 TYP. TO-—3 case. We include a free
723 C volt reg. with schematic for power
supply. SPECIAL — $1.99

WESTERN DIGITAL UART
No. TR1602B. 40 pin DIP.
This is a very powerful and popular part.
NEW — $6.95 with data
LIMITED QUANTITY

FAIRCHILD BIG LED READOUTS
A big .50 inch easy to read character. Now
available in either common anode or com-
mon cathode. Take your pick. Super low
current drain, only 5 MA per segment typ-
ical. YOUR CHOICE: 6 for $7.50
FND — 510 Common Anode $1.50 ea.

FND — 503 Common Cathode $1.50 ea.

INTEL 1702A 2K -ERASEABLE PROM’S
$6.95

We tell it like it is. We could have said these
were factory new, but here is the straight
scoop. We bought a load of new computer
gear that contained a ‘quantity of 1702A’s
in sockets. We carefully removed the parts
verified their quality, and are offering them
on one heck of a deal. First come, first
served. Satisfaction guaranteed.

BACK IN STOCK!

Back in stock.

UP YOUR COMPUTER!

21L02-1 1K LOW POWER 500 NS STATIC RAM
ME IS OF THE ESSENC

And so is power.
are now very low power
and super fast RAM's,
the same time keep the wait light off.

Not only are our RAM’s faster than a speeding bullet but they
We are pleased to .offer prime new 21L0
Allows you to STRETCH your power supply farther and at

2 — 1 low power

8 FOR $17.50

value for hobbyists. Compare
SLIDE SWITCH ASSORTMENT
Our best seller. Includes mini-
ture and standard sizes, single and =
order more. SPECIAL — 12/$1.
RESISTOR ASSORTMENT
1/4 W 5% and 10%. PC leads. e
A good mix of values. 200/$2.
745200
256 Bit High Speed RAM
825129, 256X4, Bipolar, 50 NS,
FAST. WITH SPECS.
$3.95
CALL YOUR BANK AMERICARD OR
MASTER CHARGE ORDER IN ON OUR
CONTINENTAL UNITED STATES TOLL

at up to $1.19 each from fran-
multi-position units. All new,
Same as 82516
8T97B
FREE WATTS:
1-800-527-3460

SALE ON CUT LEAD SEMICONDUCTORS
Still very
Some House no.

Leads were cut for PCB insertion.
useable. AIl new, unused.
IN914/1n4148 . . . . .. .. L. ...
IN40021 Amp 100PIV. . . .. .. ..
1N4745A 16V 1W Zener. . . . . . . ..
EN2222 NPN Transistor
EN2907 PNP Transistor . . . .. .. ..
2N 3904 NPN Driver Xstr . . .

2M 3392 GE Pre-amp Xstr . . .

C103Y SCR. 800MA 60V

C&K MINI TOGGLE SWITCH
No. 7103 SUB MINI SPDT Center OFF.

SPECIAL — 99c

chise type electronic parts stores.
first quality, name brand
Hex Tri-State Buffer.
Texas Residents Call Collect

S.D. SPECIAL 4 for $1.
Try one package and you'll re-
1K PROM BACK IN STOCK!
$1.25
214/271-0022

TERMS:
Money Back Guarantee. No COD. Texas
Residents add 5% tax. Add 5% of order for
postage and handling. Orders under $10.
add 75¢. Foreign orders: US Funds ONLY!

S. D. SALES
P. O. Box 28810- B
Dallas, Texas 75228

ORDERS OVER $15. CHOOSE $1. FREE MERCHANDISE




Branch Library at NW 63rd and MacArthur,
Oklahoma City.

Atlanta Bootstrap Volume

Jim Stratigos of the Atlanta Area Micro-
computer Hobbyist Club (AAMHC) has sent
us the first issue of their newsletter. In an
editorial they say that they will try to print
items of interest such as software and
hardware articles, tutorial or instruction
columns, meeting notices and minutes, club
activities, and hope to include a swap/buy/
sell column in the near future. Anyone
wishing more information concerning the
club should write: Jim Stratigos, Editor, Box
33140, Atlanta GA 30332.

VCCS — Change of Address

The Ventura County Computer Society
has a new address: The VCCS, POB 525,
Port Hueneme CA 93041. The society meets
at the Camarillo Library, Ponderosa Dr,
Camarillo, the last Saturday of the month.
Two exceptions are: in November, on the
20th, and in December on the 18th.

The Shift Register

Eric Rehnke, (216) 888-7531, of the
Cleveland Digital Group sent along a copy of
the June newsletter, volume 1:7. It included
a biorhythm program, impressions of the
MOS Technology KIM-1, and a number of
language conversions. The CDG hopes to put
out a small booklet on the differences
between systems so users will not have
problems converting from one basic to the
next.

CACHE Register

In volume 1:5 of this Chicago area based
club’s newsletter, CACHE reports that they
have 145 members. In attendance at the May
meeting were Dr Suding of the Digital
Group, as was the president, Dick Bemis.
Besides showing Digital products, Dr Suding
engaged CACHE members in a discussion of
the hobbyist field, and of the new Z-80 from
Zilog. Bill Precht continued his popular
clinic on programming basics. They say that
the response to this discussion was so good,
the steering committee is planning a series of
talks on the relative merit and drawbacks to
the major chips. The club’s mailing address
is: POB 36, Vernon Hills'IL 60061.

Personal Systems of San Diego

In the June issue of the San Diego
Computer Society newsletter, a feedback
sheet was included. These sheets were to be
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mailed back, or turned in at the next
meeting. It is linked to a column called
“Interaction” by Ron Eade. The column
surveys the results of the previous forms, or
sheets. These sheets are numbered from
0-60. 1-9 are ways you may assist the club as
a whole, ie:

“l will type articles for the newsletter,”

“I will volunteer. .. .,"”

“lI will help....,”

“I will write., . .."”

10-45 deals with SIG (special interest
groups). This is divided into four subgroups,
hardware, chips and systems; hardware,
systems support; software, and applications.
The last section deals with regional organiza-
tions meetings, ie: Coast, East County,
South County. By circling the appropriate
numbers, you are informing the steering
committee of your willingness to participate
in club activities, and you will be informed
as to when and where your SIG will meet.
This is probably an excellent way to ex-
change information in large clubs. The club’s
mailing address is: POB 9988, San Diego CA
92109.

Homebrew Class

The Homebrew Computer Club’s news-
letter has a new face. According to Robert
Reiling and Joel Miller, Laurel Publications
will be donating typesetting services on their
computerized typesetting/text editing sys-
tem as well as providing graphics, layout and
editorial services. This certainly increases the
appeal and readability; looks good. Bob will
continue as chief editor, and Tom Pittman is
the man to write to regarding the mailing
list. POB 626, Mountain View CA 94042.

Triangle of North Carolina

The Triangle Amateur Computer Club
meets every fourth Sunday at 2 PM at the
Dreyfus Auditorium, Research Triangle
Institute, Research Triangle Park, NC. They
are currently exploring a club interchange
standard, have a monthly newsletter, and are
starting software and hardware club projects.
For more information on this Raleigh, Dur-
ham, Chapel Hill area club, contact: Russell
Lyday Jr at (919) 787-4137 or write Tri-
angle Amateur Computer Club, POB 17523,
Raleigh NC 27609.

A Bit of Ham from Louisiana

Emil Alline (WA5WU]J) passed a note
along informing us of the formation of the
“Crescent City Computer Club.” The ad-
dress is now Box 1097, University of New
Orleans, New Orleans LA 70122, They meet
at 8 PM on the second Friday of every






month in Room 2120 of the science building
of the University. He also notes that the
FCC and ARRL are taking steps toward
making it easier than ever before to become
a ham and with more privileges than ever.

Chicago Area F-8 Users

If you live in the Chicago area, Louis
Burgyan is interested in meeting other F-8
users. He may be reached at (312) 327-0472,
evenings.

The Computer Network of Kansas City

The KC Thru-Put is the organ of this
Kansas City group. President Earl Day writes
a column called “Day Dreams,” and Bart
Schwartz is editor. The group first met in
May with 12 members and as of the July
issue, number 2, has increased to 37. At the
June meeting the possibility of making an
educational program for the local PBS
(Public Broadcasting Station) channel was
discussed, but was deferred until the club is
more established. Anyone wishing to contact
this organization may write: KC Thru-Put,
968 Kansas Av, Kansas City KS 66105.

Microcomputer Society of Florida

In the Marsh Data Systems Newsletter
number 5, Don Marsh writes that the Micro-
computer Society of Florida has chapters in
Vero Beach, Ft Myers, Sarasota, Jackson-
ville, Gainesville, as well as Tampa. The
society will soon be publishing a newsletter
of its own. They suggest that their chapters
consider getting a free write-up in the local
papers. Computer groups are newsworthy. In
Tampa they have had a write-up in each of
the major papers, and have been on tele-
vision twice.

For more information contact: Marsh
Data Systems, 5405B Southern Comfort
Blvd, Tampa FL 33614.

New York Amateur Computer Club

Elections of club officers have been held,
but as of the June newsletter, the results
were not yet complete. Club member David
Ripps is scheduled to speak on the topic of
“Systems Monitors and Their Features.”
The newsletter also included a report from
the technical committee, an article by Alan
Yorinks, “A Short Course in Digital Logic
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Troubleshooting,” and a humorous essay on
the living room workshop by MCS |1l.

The address is: NYACC, c¢/o R Schwartz,
1E, 375 Riverside Dr, New York NY 10025,

ACGN]J News

In June at the general meeting, Marty
Nichols, Tom Kirk, and Roger Amidon gave
a presentation on the “String Language
Processor.” The high level language was
running on 8080 based systems at the
meeting. The demonstration was given with
video monitors which were set up around
the meeting room.

The bylaws were also printed, in this, the
July volume 2:7 issue. A “Life for the
M6800” reprint, and an article, “Interfacing
the Original TV Typewriter to a Computer”
by Monty Shulte, were included.

The address is: ACGN]J, UCTI, 1776
Raritan Rd, Scotch Plains NJ 07076.

Computer Hobbyist Group — North Texas

In volume 2:6 of the newsletter, they
state that at the May meeting they were
honored with the first look at three new
products by the Southwest Technical Pro-
ducts Corp (SWTPC). Displayed at the
meeting were a dual cassette controller/inter-
face, a graphics controller for input to CRT,
and a small but quick printer. TCHG-NT’s
address is: 2377 Dalworth 157, Grand
Prairie TX 75050.

A Roving Computer Show
for the Experimenter?

Well, not quite; but a firm called Mar-
keting Ventures Inc, 5012 Herzel PI, Belts-
ville MD 20705, is organizing a show called
TECHNIHOBBY USA which will be travel-
ling to four cities in the US this fall. The
boundaries defined for the show’s content
are not limited to computers alone, but
encompass amateur radio, radio control
models, do it yourself electronics, as well.
The firm is looking for participation by local
clubs in its exhibitions to be held:

Boston November 4, 5 and 6
Washington DC  November 12,13 and 14
Atlanta November 19,20 and 21
Los Angeles December 5, 6 and 7

For further information contact Robert E
Harar, at (301) 937-7177.m






Continued from page 22

theless, amateurs and experimenters may
find that a perusal of the patent literature
is quite fruitful.

Howard L Grams
2616 N Salisbury St
W Lafayette IN 47906

APPLICATIONS DIGEST,
MATERIALS NEEDED

| am compiling a ‘‘Microcomputer Appli-
cation Digest” to be published by Howard W
Sams & Co. The text is arranged by subject
(Biorhythms, Electronic Music, Speech Anal-
ysis, RTTY, Terminals, Business Systems,
Security, Video Art, Video Games, etc).
Each section will cover several real systems,
a brief tutorial on the subject, block dia-
grams, list of components, and names of
contributing parties. Sources of additional
information will also be provided.

At this point, | am seeking inputs from all
interested persons who wish to share their
experience to increase the exchange of in-
formation in their application area.

Back Issues
of BYTE

$1.50

issues desired

rFirst Come First Served

We have very few of some of them and a large supply of others,
but no more than 2,000 of any one issue. Orders will be filled on
a first come, first served basis until the supply is exhausted. DO
NOT SEND MONEY, we will enclose a bill with your order for
the number of issues we are able to supply plus a 25 cents EACH
postage and handling charge.

The back issues listed below are available from BYTE. Circle

Dec 75 Jan 76 Feb 76 Mar 76 June 76 July 76

OBsill me OBill MC BACNo. Exp. Date
Name

Address

City State 2ip

—

BYTE 70 Main Street Peterborough, NH 03458
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To keep it simple, | would like those who
want to be in the book to drop me a
postcard with your name, address, phone
number, and a brief explanation of your
application. | will then send you a form to
fill out which will put the information into a
standard easy to read format. This will then
be collated into the book.

Not all applications need to be up and
running to qualify for the text. Ideas, well
thought out, are as valuable as finished
systems.

If you wish our field to expand, | urge
you to take time to drop me a postcard and
to expound on your efforts with microcom-
puters—it’s by spreading ideas that new ideas
grow.

Mitchell Waite

H S Dakin Co

3101 Washington St

San Francisco CA 94115

NEXT OF KIM. ...

Congratulations on an excellent maga-
zine! | look forward to its arrival every
month as each issue contains at least onc
article (and usually 3 or 4) that | can usc
immediately.

I would also like to publicly thank one of
your advertisers for their fast delivery times,
their prompt no-questions-asked warranty
service, and their excellent newsletters. This
company is MOS Technology. After months
of fighting with two other computer manu-
facturers, | ordered a KIM-1. The KIM-1 is,
in itself, a fantastic product, but with MOS
Technology backing it, it is, in my opinion,
the best buy on the market today!

There are presently three KIM-1 owners
who work here at Eastern Washington State
College. Also, the chemistry department has
an Altair 8080 and the psychology depart-
ment has a DEC PDP-8/F. We would like 1o
invite anyone in the greater Spokane area (or
anywhere else) who is interested in building
a system or learning more about micropro-
cessors andfor programming techniques to
contact either myself of Dr R Keefer. | am a
technician for the psychology department
and Dr Keefer is a professor for thc mathe-
matics department. Perhaps we may have
enough interested people to start a computer
club or a KIM-1 users group.

Keep up the good work.

Tony Kjeldsen K7VNT
5315 N Allen PI
Spokane WA 99208

PS I'm afraid | must agree with B L Donelan
(June 1976 BYTE) concerning the De-
cember issue cover.



W Prompt service

® /n-depth inventories

Electrolytic Capacitors

last at this price.

o - ' 4
BRI A RELECTRONICS for INDUSTRY TUBULAR, HIGH RELIABILlM’.
. AN
G LOW, LOW PRICES! s . -
s
eLeCtronicCs geg= - -
) ) , 607 723 3111
U"tn&W.lrlhuu!.mAllu Streat, Binghamton, New York 13904 » Tel.: 607-723-3111 QUAN. MFD vDe EACH QUAN. MFD. vDC EACH
SAVE SAVE 600 100 3 .30 | 1055 30 350 s$1.00
375 250 3 .35 | 246 40 350  1.14
298 500 6 $1.00 | 967 4 450 .98
: H 299 1000 6 1.00 | 400 10 450  1.07
MINIAT“RE I_AMPS mn“ er urd ] anﬂcl o 571 1200 6 1.02 | 529 15 450 1.07
| ﬁ 375 1500 6 1.10 | 453 20 450 1.14
= 313 2000 6 1.11
INCANDESCENT LAMPS o MAU.O n i 597 100 12 60 | METALLIZED PAPER FILM
o 4000 50 15 30
2
CHICAGO MINIATURE LAMPS #387 CG (STANDARD) 85°C Supplied with PVC Insulating Slaeve | 20¢000 200 15 -30 | QUAN  MFD  VDC  EACH
SAME AS #327 EXCEPT LONGER LIFE P Mfd. vde si Zach 416 1500 15 1.10 | 899 .1 100 $ .35
L uan. . c size Eac 350 2000 15 1.10 | 437 .33 100 .40
23 yolts. o4 amps. Dulb Style Trio/d 10000 1100 35  1-25/64 x 2-11/64 $.75 2500 10 25 .25 | 400 1.0 100 .45
id-Flange Base. BRAND NEW BOXED, 100 25000 100 350 1-25/64 x 2-11/64 .50 1161 2000 25  1.40 | 1360 .22 150 .40
per box. 40,000 pes in stock. 10000 80 400 1-25/64 x 2-11/64 .60 2600 10 50 .40 | 820 .022 200 .35
PRICE SCHEDULE 1000 500 50 .80 | 4200 .033 200 .35
1 - 99 .. 40¢ each 100 - up .. 35¢ ea. SUB-MINIATURE 825 100 50 .95 | 400 .1 200 .40
POTTER 1099 150 50 20 | 771 1.0 200 .40
NIGN INGICATING GLOW LAMPS s B 6549 250 50 .98 | 417 1.5 200 .40
4 = RUMFIELD gengrac- 1942 300 50  1.07 |1loo  .001 400 .35
HE-2 neon lamps, with dropping resistor PURPOSE 10,500 60 150 .70 | 1100 0022 400 .40
to operate directly from 115 VAC. RE LAi S 520 80 150 <90 [ 1600 .022 400 45
Nominal Watts - 1/17. T-2 Clear Bulb, ” 290 300 150 1.00 f 565 -047 400 .50
wire terminals. TYPE KH 5505 (Identical to KHUL7DL1) 476 40 200 1.00 | 4000 .022 600 .25
25,0 : COIL: 24vdc, 650 ohms. 409 100 250 1.39 | 389 .05 600 .30
» 00 ﬁcs in Sigg’g- Mfd by G.E. Co. CONTACTS: 4PDT, 3amps at 30vdc or 120 vac 284 200 250 1.50 | 500 .1 600 .30
each up to pCs. . 255 5 350 .90 600 .2 600 .30
Small rugged DC relay with clear poly-
1000 pcs & up 7¢ each. carbonate dust cover. Contacts are gold 281 10 350 -90 717 -25 600 .30
Flashed silver. 20,000 4 250 35 | 30,000 .01 100 .15
Mounts by solder terminals or 3-48 stud 339 .70 1000 -047 100 .20
INDIC TOR LIGHTS 5/16" long. Also mounts as plug-in. 400 .60 291 .22 400 .30
6500 pc in stock, BRAND NEW, while they T—

$1.25 each

SRITE OLO INCANDISCENY LAMPS
LAMINATED PHENOLIC

PLASTIC PANELS

BRITE-GLO Incandescent Lamps N

Ultraminiaturized Series, 100,000 hr.life

BRAND NEW PHENOLIC SHEETS

Versatile, low cost indicator lamp. Ideal

for Stero Amplifiers, Mobile Equipment, Grade LE- Natural

Instrumentation, Computer and Display Type - FBE, Mil Spec: 15035, .062" thick
Panels, Etc. Needed by all experimenters, amateurs and

High temperature,
Base -~ Wire Terminals.

T 1-3/4 lamps - Metal
Metal base in-

radio men for insulating parts - terminal
strips - building sets or for research

HIGH POWER DUMMY LOAD

Mfg. Eastern Microwave. #10-1254...RF Coaxial Load Re-
sistor utilizing water flow to cool and provide a load
resistance of 50 ohms for inputs from DC to 4000 MHz.
Maximum power input is 1000 watts. Requires a flow of
.218 GPM min. per 100 watts of input power; 100 psi
pressure. Compression fittings on water line inlet and)|
outlet for copper tubing supply lines. Has a Flange
type coaxial fitting, friction type, 13/16" I.D. with
2-1/4" flange. Completely shielded unit of machined
aluminum. Size: 1-5/8" diameter by 5~3/8" long.
Shipping weight, 2 lbs

5,000 pcs in stock, NEW BOXED........

creases light output and protects lamp & development, etc.
from damage. Stock # 560 - 6" x 6" x .062"  42¢ each
41, 685 pcs - 6.3 volts, 75 ma, 8" wire # 561 - 6" x 12" x .062 82¢ each
leads. [ 563 - 12" x 12" x .062 §1.58 ea
" _ " )
40,263 pes - 6.3 volts, 200 ma, 13" wire gliﬁgo Jull sheets 38" x 47" x .062"
leads. ‘ "
DISCOUNT SCHEDULE BRAND NEW QUALITY SHEETS
1 - 99 25¢ ea. .
100-499  20¢ ea. -
ShLE lo0-499 20¢ ea. gy High-Speed Reset Counter
1000-UP  12¢ ea. Veeder-Root

4 FIGURE COUNTER W

113VDC 115VAC
VEEDER ROOT 177604
LISVAC  (Rechifier

counter is 113VDC

BARGAINS PRIECISION —==—
—e=— RIESISTORS
L e B v

reset, Dim.:
X 2-1/2" deep.

ot

evions and wher o eI st

They are of tha comention

¥ voe- i Pt mouring Lo Yh-v ace
s

ANUAL RESF |

supplied).  Basic
. 6 watts 4 Dgure,
black on white background. Push bulton
1.7/8" width 1-1/8" high

51295

Cherry Electrical Products g

These switches are postage
stamp sized precision swit-
ches which feature long op-
erating life & high electrical capacity for their size
5 amp, l1/4 HP, 125-250 vac, SPDT, quick dis-connect

terminals. 2,000 pcs in stock without lever..75¢ each
2,400 pes in stock with extended roller lever. 95¢ ea

<

Smotetety prodected g ilcions esled Suroaties M

BRAND NEW — FINEST QUALITY

LIGHTED

QUAN MFR TOL. OHMS  WATTS PRICE
(%) Each
10,686 T.I. 1 191 1/8 $.04
3,000 Electra 1 191 1/8 .04
29,900 I R C 1 243 1/8 .04
75,000 T.I. 1 2,43k 1/8 .04
35,000 r.1. 1 909 1/4 .06
7000 T.I. 1 10 1/2 .07
3000 Electra 1 15.4 1/2 .07
5700 Electra 1 28 1/2 .07
7900 IRC 1 53.6 1/2 .07
7200 IRC 1 9.9 1/8 .04 .
6600 IR C 1 1650 1/8 .04 [Mfr: Grayhill
1800 IRC 1 6190 1/8 .04 - |Switch Co.
1000 IRC 1 267G 1/8 .04

$2.95 Fach

PUSHBUTTON SWITCHES

Unit can be used on 6 v
or in series for 12 volt

% spsT, mom, PC board gold
Zplated pins for wiring or
€ easy installation.

10,000 pcs in stock

Widely used on computers, machine tools,
office machines, guidance control and a
2" x 1%" x 1%" wide variety of applications.

Computer Grade Capacilors

Instant off-the-shelf

¢
A3

PHONE ORDERS “ “

607 723 3111 delivery, T
QUAN. MFB. VOLTS SIZE PRICE EA | QUAN. MFD. VOLTS SIZE PRICE EA
350 30000 5 1-3/8 x 4-3/16 $1.50 252 11500 18 2" x 4-1/2" $1.25
494 60000 5 3" x 4-1/2" 1.50 628 11000 19 2" x 4-172" 1.25
1016 25000 [ 2-1/18" x 4-9/16" 1.50 1014 8200 25 1-3/8" x 3=-1/8" 1.70
527 40000 7 2" x 5" 1.50 10706 1100 35 1-25/64" x 2-11/64" 1.00
353 15000 10 2" x 4-1/8" 1.25 4200 750 60 1" x 3-1/2" .75
869 15500 10 2" x 4~-7/16" 1.25 792 1500 80 2" x 4-1/2" 1.30
277 40000 10 3" x 4-1/2" 1.70 478 450 100 1-7/16" x 2-9/16" 1.00
316 74000 10 3" x 4-3/4" 2.00 337 400 100 1-7/16" x 2-1/2" 1.00
375 15000 12 2" x 4-1/2" 1.25 200 500 150 2-1/16" x 2-3/8" 1.00
267 14000 13 2" x 4-3/8" 1.25 500 750 200 1-1/2" x 4" 1.00
600 10000 15 2-1/16" x 4-172" 1.25 234_’"6 1co 350 1-25/64" x 2-11/64" 75
529 12500 16 2" x 4-1/0" 1.25 11800 80 400 1-25/64" x 2-11/64" 75

. 4574 pos, 10uf

TANTALUM CAPACITORS

SPRAGUE
TYPE 109D

TUBULAR SINTERED-ANODE TANTALEX CAPACITCR

#109D147X9060T2
1620 pes - 140 uf $10% - 60vde

GENERAL & ELECTRIC

NY.

$2.00 ea.

PLAIN FOIL nnuuuu +123° €
"

All Orders F.O.B.
Binghamton,

Minimum Order $5.00
NY State Residents
please add sales tax

65¢ each
85¢ each

3,000 pcs CL31BE1BOMPE, 18uf - 15vdc

300 pes CL31BESSOMPE, 55uf - 15vde
non-polarized CL32/33
900 pcs CL33BLO20MNE, 2.0uf - 75vdc

s e O
MALIORY [ sy

10,550 pcs MIP685MO20PID, 6.8uf - 20vde 55¢ each
2,100 pcs MIPLO6MO30P1A, 10uf - 30vdc  75¢ each
1,028 pcs MIP336MOLOPLA, 33uf - lOvdc  65¢ each

by TAS SOLID ELICTROLYYE TANTALUM CAPACITORS
' MALLORY

4996 pcs, 4.7uf- +10%, 6vdc, TAS475K006P1A 35¢ ea
394 pcs, .47uf t 10%, 6vdc, TASA74K006PlA  38¢ ea
1430 pcs, 47uf t 10%, 6wdc, TAS476K006PIC  40¢ ea
326 pcs, 220uf + 20%, 6vdc, TAS227MO06PIG $1.20
285 pes, 5.6uf * 10%, lOvdc, TASS65K010P1C  40¢
$10%, 10vdc, TASLO6KC1OP1C  40¢
900 pcs, 15uf $20%, 1l0vde, TAS156MOLOPLC 40¢
887 pcs, .068uf !10%, 20vac, TAS633K020P1A 51¢
152 pecs, 2.2uf & 20%, 20vdc, Sprague 40¢
1457 pcs, .47uf £10%, 35yde, TAS474K035P1A 51¢

GENEHAL@ELEGTMB PLAIN FOIL TANTALUMS +123° €
365 pes G.E.  40Quf,:20%, S0vdc, 1259C
Type: 2KL05AA6M. $1.75 each

1168 pcs SPRAGUE, 40Quf, *20%, 50wic, 125°C
Type: 220D005A3M. $1.75 eacH

$1.00 each

e

Address

If you want to be placed on our active mail

BRIGAR ELECTRONICS publishes a monthly flyer
list,send us your Name










“The PDP-8 is an old war-
horse which should be put
out to pasture.”

sophistication is where you find it. The 8080
is far more sophisticated than the PDP-8 so
if one needs a capable computer, regardless
of the imputed applications intent of the
designers, the 8080 is better than the PDP-8
hands down.

The PDP-8 was truly a marvel for its time
and for this DEC deserves great praise.
However, the PDP-8 is an old warhorse
which should be put out to pasture. A group
within DEC’s environs realized the PDP-8
was over the hill so they broke away from
Data General and made the NOVA which
was a vast improvement, conceptually, over
the PDP-8. But now the original NOVA and
its replacement the SUPERNOVA are both
also over the hill, eclipsed if you please, by
later innovations. The DEC people felt the
hot winds of change blowing on their col-
lective necks so they developed the PDP-11
(no doubt partly in reaction to the success
of the NOVA which is a mighty fine little
computer except for the possibility it is
somewhat wasteful in its utilization of
memory address space). But it is not my
purpose to discuss the PDP-11.

It is fantastic that Mr Nelson claims the
PDP-8 is easy to understand from a software
standpoint. It is not all that difficult to
understand, but he must have meant that the
PDP-8 is easy to understand when compared
with other computers. The PDP-8 is not a
“clean” machine — it has some complica-
tions that are needlessly tedious when com-
pared with a classic von Neuman computer
such as the IBM 7090 (the 7090 was
somewhat larger than the PDP-8). The so-
called microinstructions are enough to drive
a beginner right up the wall. The 8080 has
its little complications; but, if desired, one
could select a subset of the 8080 instruc-
tions [Such as Charles Howerton used in his
July 1976 BYTE article on page 22] which
if used for comparison with the PDP-8
would be both simpler and more powerful
than the PDP-8. Many complications in
programming have to do with addressing.
Compared to the pain of addressing on a
PDP-8, addressing in the 8080 could not be
easier. Addressing only 4 K on the PDP-8
requires 24 bits: 12 bits for the instruction
and another 12 bits for an indirect address
vector. The poor little 8080 “industrial
controller’” directly addresses 64 K in the
same 24 bits.

Mr Nelson says the PDP-8 has a ‘“‘con-
venient parallel word length of 12 bits.”
Convenient for what? The only thing | can
think of is a 12 bit A to D converter or
reading all 12 levels of a punched data card.
One hardly needs 12 bits for an operation
code (8 bits allows 256 possible operations)
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and 12 bits is a short and limited address
field. In the “olden” days, before ASCII, the
12 bit word could hold two characters at 6
bits each, but that is ancient history.

The autoindexing locations in octal 0010
to 0017 are kind of cute. The Data General
NOVA extended this concept to also allow
auto decrement locations, but neither the
auto increment or auto decrement locations
are used very much these days because no
program is really quite sure they are not
used by some other program which leads to
the consequence that they are not used by
anyone. In a sense, the NOVA was an
extension of the PDP-8 in concept, but the
NOVA people should have looked elsewhere
for inspiration.

Now for some fundamental theory. Mr
Nelson points out that instructions can be
manipulated and data words can be exe-
cuted, concerning which he says, ‘‘Software
people will recognize this convenience.”
Convenience my foot — this is a bucket of
worms, Before the invention of index reg-
isters and indirect addressing, this was the
only method available for instruction modi-
fication. Very few modern programmers
play such games with instructions because it
unduly complicates on line debugging and
prevents a program being written as “‘pure
procedure.” A program consists of pure
procedure when it never changes any loca-
tion that is peculiar to (is assigned to) the
procedure block itself. Such a program has
the virtue that it can be placed into read
only memory (ROM, PROM or EROM) or
protected programmable memory. A con-
ventional PDP-8 program cannot be written
as pure procedure because the return vector
from a subroutine is always stored into the
first location of the subroutine. This is the
classic subroutine linkage and is how it was
done on most computers for many years.
Thus, it follows that the PDP-8 and read
only memory do not get along together.

The interrupt structure of the PDP-8 (and
the NOVA) is quite crude when compared
with most modern computers (maxi, mini,
and micro). The PDP-11 has a particularly
nice vectored interrupt structure.

I think that the article by Mr Nelson is an
excellent example of the smoke screen that
is thrown up when discussing a machine that
is quite deficient in terms of registers. He
mentions the multiplexer (DX) register and
the temporary register (TEMP) that are
absolutely unavailable to you in any sense;
but, when thrown in with the “real” regis-
ters, it seems to up the count. He also
includes features common to all CPUs such
as the PC, MAR, IR and the ALU which is
not a register anyway.
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7400 14
7402 14
7404 16
7410 14
7420 14
7427 25
7438 25
7440 14
7445 45
7447 65
7450 14
7451 14
7473 22
7474 23
7493 50
7495 49
74107 29
74116 100
74123 50
74150 60
SCHOTTKY
74502 25
74537 40
74585 200
745139 150
745140 50
745153 250
HIGH SPEED
74HO0 20
74HO1 20
74HO4 20
74H10 20
74H11 20
74H40 20

74151
74157
74160
74161
74163
74165
74173
74174
74175
74177
74180
74181
74191
74192
74193
74198
9602

9300

9312

745172
745175
745181
745197
748257

74H51
74H52
74H74
74H103
74H106

60
.60
75
75
75
.80
1.25
75
75
70
.80
1.50
1.00
70
70
100
50
75
70

350
150
350
150
150

20
20
40
50
50

74LS00
74L502
74LS10
74LS73
74LS75
74LS151
74LS153
74L5157
74LS163
CMOS
4001
4002
4006
4007
4008
4011
4012
4013
4015
4016
4019
4020
4021
4023
4024
4025
LINEARS
NES555V
NES556A
741V
1458V
566V
567V
540L

25
25
25
40
50
85
95
1.50
1.50

16
16
.90
16
.70
16
16
35
80
35
70
90
95
16
75
20

43
90
30
52
125
135
200

LOW POWER SCHOTTKY

74L.S164 1.50
74L.S174 1.50
74LS175 1.50
74LS193 1.50
74LS251 1.50
74L5253 1.50
74LS257 1.50
7415258 1.50
4027 40
4028 .60
4030 35
4040 .95
4042 .60
4043 .75
4044 .70
4049 .38
4050 38
4066 65
4068 35
4069 16
4071 16
4073 16
4075 16
4516 85
4585 85
RAMS

2102 1.50
PROMS

82523 S123 195

Order Minimum $§10.00 Add $1.00 stupping and handhng charge per order Cahforma residents add 6%
sales tax All orders shipped promptly

Order the famous lasis 6 volume Programmed Learning Course *Microcomputer Design
is a Snap " for $99.50 and receive a special $10.00 credit on any group of IC's.

Satisfaction 1009 guaranteed.

ELTRON

(C.0.D. Orders: Phone (day or night) 408/364-1448

PO Box 2542 B
Sunnyvale, CA 94087
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