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Editorisl

By Carl Helmers

6

BY TE November 1477

On August 16 1977 | received one of
those refreshing and  intoxicating  articles
(or rather group ol articles) which muakes
the combined intellectudl and emotivnal
joys of creating 4 magazine ance 4 month
rise to new heights. This group of articles
is a busic background tutorial on biological
inputs to the field of robotics and artificial
intelligence, written for the personal com-
puting experimenter by Ernest W Kent, «
professor in the department of psvchology
of the University of linois at Chicago
Circle. It is one ot those articles, like Ralph
Hollis' article on NEWT in the June 1977
BYTE, which gets instant high priority duc
to the subject matter and style ot presenta-
tion. (Readers should see the beginning of
the series in early 1978.)

I call the twin subjects of rubuotics and
artiticial intelligence “"hot" ideas for BYTE
based on reader interest as expressed in the
BOMB poll’s responses 1o Ralph Holliy'
article on NEWT and Mike Wimble's articles
(among others) on various artificial intelli-
gence concepts. Inspired by receipt of Dr
Kent's articles, the theme ot this editorial is
the concept of smart machines and related
robotic mechanisms as a [lertile licld tor
experimentation  with  design and  imple-
mentation. What are  the categories and
classes of experimentation which are rele-
vant to artificial intelligence and  robot
design? Why are we {experimenters all) so
tascinated by the simulation of lile? What
are the topics of study needed to become
“the complete robotics  experimenter?”
What will we se¢ over the course of the next
decade or so, a5 personal computers become
the refined personal software development
systems needed to support private robotics
research?

It often helps to draw inspiration from
fiction, an clement of our culture which has
been present from its beginnings in the
allegorical wales of primitive religions to the
sophisticated and future oriented techno-
logical fiction tales ot contemporary film,
television  and  printed medta.  Fictional

representations of plots, scenarios and tales
are a sort of logical game pracliced by
creators, logical games with very redl emo-
tional and value orientations which stimulate
thought about real problems while providing
an interesting and enjovable diversion for
users of the art. Technological fiction, of
which science fiction is a proper subset, is
the appropridte contemporary place to turn
for mspiration regarding the very comtem-
porary  possibility  of ingenious and useful
dutomatons guided by artiticial intelligence.

A particular science tiction tale which hus
been one of my ereatest emotiondl inputs
regarding the positive values of technology
in human culture is a tale entitled Door
Into Summer, by Robert Heintein, [irst
published in the 19505, this now outdated
Lte of the near future (1970 is the year
when the action commences with flashbacks
1o the fictional 1960s) is perhaps the one
science  diction  story  which maps  most
closely to the current technological milicu
of the smart muachines made possible by
microprocessot technology. Anyone who is
sertously interested in practical use of robo-
tic technology and smart machines should
read this book as a source ot background
information and tdeas about what is or
might be possible. (The actual plot is a well
constructed romantic tale in spite of s use
of that logical trap which is the time travel
deus ex machina.)

The inspiration 1o be drawn trom the
story ol Door Into Summer is thdat of an
exciting time when technology has advanced
to the threshold of intelligent robotic mech-
anisms mass-produced for use in mundane
tashs. 1t is the era of Drafting Dan {auto-
mated intelligent drafting machine), Hired
Girl {automated housekeeping robot), and
numerous similar specialized devices. Some
of these fictional concepts have already
been implemented in practice, especially in
the arca ot automated aids to the production
ol capital goods. The idea of Drafting Dan,
the intelligent drafting device, is actually in
use on a4 small scale today but with a tar
higher degree of refinement and intelligence:
I refer to the various computer aided design
techniques  utilizing  graphic  displays and
computational support in fields as diverse
as airplane design, computer design, and
architecture. Others among the concepts in
Robert Heinlein's story  have vet to be
implemented with any degree of perfection
o widespread use,

The parallels between Door Into Summer
and the current era are many. In the tic-
tional account, technology has developed

Continued on page 138












Bisrcis’s

Bircuit Cellap

Steve Ciarcia
Box 582

Glastonbury CT 06033

I don’t want to get into a fight over
which microprocessor chip is better. They all
have their favorable and unfavorable fea-
tures. But, if you logk a little closer, you
may find that some of these extra features
can be added with very littic expense.

I was speaking with a fellow computer
nut recently, and he was arguing about the
merits of the 6800 versus the 8080. | really
didn't care to continue the conversation nor
to justify why | had an 8080 and Z-80. But,
when he said that one reason was that the
6800 had memory mapped 10 and the 8080
didn't, | knew he didn't know what it was.

This of course made me curious, and |
approached a number of 8080 users to ask
if they knew what memory mapped |O was.
They assured me that they did, and that it
was in fact one of the main features of the
6800. But such a feature is hardly exclusive
to the 6800!

First of all, memory mapped 10 means
simply that a portion of memory address
space has been reserved for interfacing with
external devices. A byte of data is stored
into a memory location, as always, but this
storage unit, rather than being made up of
1024 bit programmable memory chips, is an
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Figure 1: A schematic diagram for a direct addressed output port decoding circuit. The port assignments as diagrammmed are from
octal codes 360 to 377. The bus pin assignments are for the Digital Group bus system, but the Altair (5-100) bus is logically

equivalent.
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Obviously, if the data path went to a
memory location instead of an output part,
a broader range of instructions would be
available. The 8080 {like most computers}
has some very powerful instructions when it
comes to memory operations. For the 8080
these include MOV, MVI, STAX and STA
instructions which, by definition, are added
to the output data manipulation repertoire
with memory mapped 10.

Often the best way to approach a new
subject is to analyze the present method.
Figure 1 illustrates the basic design of an
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Figure 2: A schematic diagram for a memory addressed output port decoding circuit. The port assignments in this case are from
split field octal memory addresses 377/ 360 to 377/377. Here ugain, the bus pin assignments are for the Digital Group bus.
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Genaric Unit Metric
Length 1 meter

Velocity 1 meter per second
Acceleration

Mass 1 kilogram

Force 1 newton

1 meter per second per second

- 3.2808 feet
- 3.2808 feet per second
- 2.2369 miles per hour
3.2808 feet per scond per second
- 2.2046 pounds {mass)
- 0.0685 slugs (mass)
- 0.2248 pounds lforce)

Table 1: This urticle was written using the metric system of units. As the
front runners in an exciting new technical hobby, we should be more ready
than most to accept the coming metric conversion in this country, but if you
haven't been converted yet, the ubove table will be useful.

Heavenly
Body

Moon
Earth
Mercury
Venus
Mars
Jupiter
Saturn
Uranus
Neptune
Pluto

Surface
Gravity
{m/sec?)

1.62
9.80
3.95
8.72
3.84
23.16
8,77
9.46
13.66
4.89

makes it fall more slowly. The exact effect
of each can be calculated with only a few
operations.

Gravity is the simpler of the two. It has
exactly the same cffect on every object.
During ecach second of ¢ lunar landing near
the moon’s surface, the moon’s gravity will
make a4 LEM fall 1.62 meters per second
faster. (Those of you who wish to land on
more exotic heavenly bodies are referred
to table 2.) In most simulations, speed and
position are considered positive if they are
directed upward, in this case away from the
lunar surface. To simulate 1 second of fall
through lunar gravity we must subtract 1.62
meters per second from the present speed.
If the LEM is moving at -100 meters per
second now {100 m/sec downward), 1
second later it will be moving at - 101.62
meters per second.

In many games, the etfect of thrust is
also simulated by a constant change in
speed. Otten it is given in multiples of
gravity called “g"’s. One “'g"" of thrust adds
1.62 meters per second 1o the speed, just
as  gravity subtracts  that amount. Two
“g”s add twice that, and <o on. This
assumption reduces the compleaity of the

Surface
Heavenly Gravity
Body {m/sec}
Asteroids
Ceres 0.8%
Pallas 0.54
Juno a1
Vesta 0.43
Jupiter's moons
Ganymede 343
lo 2.26
Europa 1.98
Callisto 3.20

Note that the gravitational accelerations shown in this table are surface accelerations,
valid during the final stages of a landing when a spacecraft is relatively near the heavenly
body. A more complicated simulation is required if movement far away from the hea-
venly body is contemplated.

Table 2: Players who grow udept at funar landings may wish to try landing
on some other heavenly bodies. The ubove table of accelerations due to
gravity is provided for them.
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simulation, but it fails to demonstrate the
way in which forces actually cause changes
in speed.

Unlike gravity, forces such as thrust do
not have the same effect on every object.
They have a larger effect on light objects
than they have on heavier ones. It s
important to consider this fact in accurate
simufations, because weights can change.
The LEM becomes lighter as it burns fuel
to create thrust. A given wvalue of thrust
will have a larger effect toward the end
of the flight than it will at the beginning.

Weight is not really the correct term to
use when calculating that effect. We should
talk instead of mass. The ditference is
subtle, but important. Mass is a basic pro-
perty of matter. Weight is the result of
gravity pulling on the mass. A man on the
moon weighs only 1/5 as much as he does
on carth, but his mass is the same. This is
true because the moon's gravity pulls only
1/5 as strongly on his mass. The effect of
a force is determined by the mass of an
object, not by its weight. A given thrust
will have the same effect on a LEM whether
the LEM is landing on the moon, on carth,
or is floating “weightless’ in space.

In the metric system, the unit of mass
is the kilogram. The unit of force is the
newton. These units are very convenient
for calculating the eftect of a force on the
motion of an object. The torce {in newtons)
divided by the mass (in kilograms) is exactly
equal to the rate of change in speed
(“acceleration” in meters per second per
second). No additional constants are needed
as they are when units of feet and pounds
are used. For example, let our LEM have a
mass of 1000 kg and let its engine produce a
thrust of 10,000 newtons. To simulate |
second of thrust, a program would add 10
meters per second to the speed {10000/
1000) to account for 1 second’s worth ot
acceleration.

Remember though that during the same
second 1.62 meters per second must be sub-
tracted to simulate the effect of gravitational
acceleration. The actual change in speed will
be 10.-1.62=8.38 meters per second. In two
seconds, the change will be twice that or
16.76 meters per second. In half a second,
the change will be one half as much and so
on. While this may secem obvious, it illus-
trates an important point. The change that
each force makes in the speed in 1 second
may be determined separately. The separate
eftects are added up and then multiplied
by the length of time we are simulating
to tind the actual value the simulation pro-
gram will add to the speed.

Now that we can predict speed, let's
apply the same technique to predict the


http:10.-1.62=8.38




Photo 1: A scene from the 'lunar lander" program which is the Digital
Equipment Corportation's graphics equipment demonstration program.
This simulation is a real time model of a lunar landing in which a light pen
is used to input control information and displays track the landing. The
object of the game is to land near (but not on) the only MacDonalds' ham-
burger stand on the moon. This simulation, like the one discussed in the
article, has two degrees of freedom, superficially it differs from the program
of this article largely in its incorporation of real time graphic display light pen
control inputs and a model of the lunar terrain.
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position. We have shown that if the LEM is
moving downward at 100 meters per second
now, (speed=-100) then in 2 seconds the
speed will be -100.+2.x(THRUST/MASS
-1.62). Similarly, if the LEM is 10000
meters above the moon now, in 2 seconds it
will be 10000.+2 x{speed) meters up. Just as
we multiply the forces by time and add the
product to the speed, we multiply the speed
by time, and add the product to the posi-
tion.

What we have just done is to predict the
speed and position at a “step” of 2 seconds
into the future. In the jargon of simulation,
2 seconds is the step size. The step size can
take any value you choose. Returning to the
1000 kg LEM, let the step size be 0.l
seconds. For a present speed of - 100 meters
per second, the speed predicted for 0.1
seconds in the future is - 100.+0.1x{10000./
1000.-1.62)=-99.16 meters per second. If
the position now is 10000 meters, then the
position predicted for 0.1 seconds in the
future is  10000.+0.1x(~99.16)=5990.08
meters above the moon.

Using these values of speed and position
we can find new values for the forces and
mass. We can then step the simulation into
the future once again. The process can con-
tinue indefinitely, but usually one or more
variables is tested for an end condition at
each step. The test might be on position
(Are you still above the moon?), on mass
{Is there fuel remaining?), or on some other
variable. Should any of the tests fail, the
program will branch and end the simulation.

Adding a New Degree of Freedom

You now know the bhasic procedure for
simulating motion in one degree of freedom.
The LEM simulation has been in one degree
because we have only predicted the up and
down movements. These are called vertical
motions. Suppose that we also predict the
way the LEM moves horizontally, in other
words, frorr side Lo side. The pilot must not

only reach the surface of the moon success-
fully, but also land close to his target. While
the pilot's task has become more compli-
cated, our simulation fortunately has not.
Just as we dre able to calculate the effects
of each force separately, we are able to
make calculations for speed and paosition
separately in each degree of freedom.

To make those calculations for the
second degree of freedom, first delermine
what forces are acting. Gravity, by defini-
tion, acts only up and down. It does not
enter into the horizontal calculations. So far,
thrust has also been limited to vertical
action, but we can easily add o second
thrust acting to the side. Positive horizontal
thrust should cause the LEM 1o move left,
while negative thrust maoves it right.

Since there are no other forces o con-
sider, the change in horizontal velocity (in
meters per second) will be exactly equal
to the horizontal thrust (in newtons) divided
by the mass (in Kkilograms). This is, of
course, the same cquation used in the first
or vertical degree of freedom. Similarly, the
same  equations used to calculate vertical
speed and position will be used to calculate
horizontal speed and position.

Return to the example used carlier, but
also consider the horizontal motion. Let the
LEM start 100 meters to the left of its
target moving at 10 mecters per second to
the right. Generally motion to the left will
be considered positive and to the right
negative, so the horizontal speed is - 10
meters per second. We found that during a
step of 0.1 seconds the vertical speed
changed from -100 to 99.16, and 1the
position changed from 10000 to 9990.08.
Quite apart from those calculations, we may
set « horizontal thrust, say 5000 newtons,
and find that during the same step the
horizontal speed  will become  10+0.1x
(5000/1000) or -9.5 meters per second.
The hotizontal  position  will  become
100.+0.1x(--9.5)=99.05 meters.  After
making these calculations, the simulation

Continued on page 216


http:x{-9.5)=99.05
http:10000.+0.lx(-99.16
http:1000.-1.62)=-99.16
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they're

here!

the new HEATHKIT low-cost
personal computing systems

BY TL November 1977

The new VALUE-STANDARD in personal
computing systems! Heathkit computers
give you the power and performance to
go wherever your imagination and pro-
gramming prowess take you. They're de-
signed to get you up and running fast,
interface with I/0O devices easily and
quickly, accept additional memory and
1/0 devices, store and retrieve data with
speed and accuracy, respond to your re-
quests with lightning speed. They offer
complete mass storage capabilities, power
and reliability for any programming appli-
cation, and they're priced low enough to
give you real VALUE for your computer
dollar! We've told you they're the ones
you've been waiting for — here's why!

These Heathkit computer products are
“total system' designs with powerful sys-
tem software already included in the pur-
chase price. They're the ones you need
to get up and running fast. And they're
backed by superior documentation in-
cluding easy-to-follow step-by-step as-
sembly and operations manuals, and
service support from the Heath Com-
pany, the world's largest and most experi-
enced manufacturer of electronic kits.

NEW H8 8-Bit Digital Computer. This 8-
bit computer based on the famous 8080A
microprocessor features a Heathkit ex-
clusive “intelligent” front panel with octal
data entry and control, 9-digit readout, a
built-in bootstrap for one-button program
loading, and a heavy-duty power supply
with power enough for plenty of memory
and interface expansion capability. It's
easier and faster to use than other per-
sonal computers and it's priced low
encough for any budget.

NEW H11 16-bit Digital Computer. The
most sophisticated and versatile personal

computer available today — brought to
you by Heath Company and Digital Equip-
ment Corporation, the world leader in
minicomputer systems. Powerful features
include DEC's 16-bit LSI-11 CPU, 4096 x
16 read/write MOS memory expandable
to 20K (32K potential), priority interrupt,
DMA operation and more. PDP-11 systems
software for fast and efficient operation
is included!

NEW H9 Video Terminal. A full ASCII ter-
minal featuring a bright 12” CRT, long and
short-form display, full 80-character lines,
all standard serial interfacing, plus a fully
wired and tested control board. Has au-
toscrolling, full-page or line-erase modes,
a transmit page function and a plot mode
for simple curves and graphs.

NEW H10 Paper Tape Reader/Punch.
Complete mass storage peripheral uses
low-cost paper tape. Features solid-state
reader with stepper motor drive, totally
independent punch and reader and a copy
mode for fast, easy tape duplication.
Reads up to 50 characters per second,
punches up to 10 characters per second.

Other Heathkit computer products in-
clude a cassette recorder/player and tape
for mass storage, LA36 DEC Writer Il key-
board printer terminal, serial and paraliel
interfaces, software, memory expansion
and |I/0O cards, and a complete library of
the latest computer books. The Heath
User's Group (HUG) provides a newslet-
ter, software library and lots more to help
you get the greatest potential from your
Heathkit computer products. We've got
everything you need to make Heath your
personal computing headquarters, send
for your FREE catalog today!
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SPACE WAR DEFINITIONS

| have seen repeated mention, both in
BYTE and in other sources, of the origi-
nal computer game of Space War de-
veloped at MIT. What | have failed to see
is any type of description or explanation
pertaining to this classic king of com-
puter games. What exactly does the origi-
nal Space War entail in the way of dis-
play and participation? | am deeply
interested in computer games, and |
wonder just what was offered by this
*‘oldie-goldie’”’ to have rated such con-
tinued interest.

Again, in reference to MIT's Space
War, are there currently any manu-
facturers’ software or hardware products
which are comparable? With thrillers
like MiniTerm’s Deluxe Space War and
ECD’'s Animated Spacewar, | wonder if
the current state of the art in computer
games doesn’t exceed that of the original
MIT game.

Rick Craig
2609 E Woodlyn Way
Greensboro NC 27407

See the article by Dave Kruglinski on
page 86 of the October 1977 BYTE for
the answer to your question about what
a classic Space War game does, illus-
trated by a practical example, which will
probably not be the last such example
seen in BYTE.

SAMPLING BIAS?

After reading your editorial in May
1977 BYTE | still find it hard to believe
that onty 1% of your readers are female.
Did you by any chance look at marital
status in the questionnaire? | would
guess that in many cases both husband
and wife are computer hobbyists. In
most cases | would guess that married
women interested in computers would
share that interest with their husbands.
The reverse however would not be as
common. If my husband and | received
yaur questionnaire he would most likely
fill it out, thus skewing the results
toward the 99% male figure. |'ll bet what
your survey really shows is the very
small pumber of single women interested
in computers and marricd women who
are mare interested than their husbands.

Next survey how about asking how
many other people — other than the
subscriber — read the magazine, and
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their age, relationship, level of interest,
education, etc.

Looking at that 1% figure makes me
feel very lonely. I'm suve there must be
more women like myself who are inter-
ested in computers. | would enjoy
hearing from other women hobbyists.
Write and let me know who you are and
what your interests are. |'ll pass the
information back to BYTE. [t won'l be
an official survey, but P'll bet I'll get
swamped with letters and postcards.
Come on girls, let's show them that we
exist!

Leah R O’°Connor
6315 W Raven St
Chicago IL 60646

AN INVITATION TO ALL 1802
USERS: THE 1802 EXCHANGE

Very little software for the RCA
CDP1802 is currently in the public
domain. To remedy this situation | am
going to publish a 10 page booklet listing
available software. If you desire to sell or
even give away your software please send
me a listing for my review. My booklet
will provide a comptete description and
cost information with a reference num-
ber corresponding to a2 number on an
ordering coupon.

I plan to charge $1 for the booklet.
This amount will also cover the costs
associated with processing the coupons.
The use of the coupon will reduce the
costs to the person ordering from more
than one source.

The publication date is set for early
December 1977. Advance orders may be
made at $1 per copy. Send all orders,
software listings, and other correspon-
dence to:

Ross Wirth
1636 S 108 East Av
Tulsa OK 74128

SELF-PROPAGATION MONSTERS

| discovered a real "'bug" in the Z-80.
If the regisiers are set up correctly, and
the user has 64 K of programmable
memory, a “living" creature can be
created, similar to the interrupt driven
monsters thai pop up unexpectediy. Its
only purpose in “life” is to procreate
and eat food, namely time. If you object
to my use of the term 'life,"” go back
and reread the definition. The *crea-
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Order your Applell now.

from any one of the following authorized dealers:

ALABAMA

Computerland

3020 University Br. N.W.
Huntsvile  539-1200
The Computer Center
303 B. Poplar Place
Birmingham  942-8567

ALASKA

Team Electronics
Country Village Shopping Center
700 E. Bensaon Bivd.
Anchorage  276-2923
Team.Electronics

404 E. Fireweed Lane
Anchorage 272-4823
Team Electionics

1698 Airport Way
Faitbanks  456-4157

ARIZONA

Byte Shop
813 N. Scottsdale Road
Tempe 894-1193

CALIFORNIA

Computer Components
5848 Sepulveda Blvd.
Van Nuys 786-7411
Computerland

11074 San Pablo Ave.
El Cerrito  233-5010
Computeriand

22634 Foothill Bivd.
Hayward 538-8080

Computerland
6840 La C|ene7qa Blvd
Inglewood  776-8080

Computerland
24001 Via Fahiricante

Mission Vieio  770-0131

Computerland

4233 Convoy Street
San Diego  560-9912
Computeiland
117 Fremont St.
San Francisco
Computerland
104 W. First Stieet

Tustin  544-0542

Byte Shop

6041 Greenback Lane
Citrus Heights  961-2983

546-1592

Byte Shop

2233 E| Camino Real
Palo Alto  327-8080
Byte Shop

496 §. Lake Ave.
Pasadena

Byte Shop

2626 Union Avenue
San Jose  377-46B5
Byte Shop

1200 W. Hlllsdale Btvd
San Mateo  341-4

Byte Shop

3400 El Camino Real
Santa Clara  249-4221
Byte Shop

2989 N. Maln Street
Walnut Creek  933-5252
A-VI00 Electronics

2210 Belifiower Road
Long Beach 598B-0444
Computer Country

2232 Salt Air Diive
Santa Ana  832-9681

Computes Playground
6789 Westminster Avenue
Westminster  898-8330
Computer Store

1093 Mission St.

San Francisco  431-0640
Electric Brain

3038 N. Cedar Ave.
Fresno  227-8479
Rainbow Computing, Inc.
10723 White Oak
Granada Hills  360-2171
Strawbenry Electronics

71 Glenn Way %9
Belmont  595.0231

COLORADO
Byte Shop

3464 5. Acuma St
Englewood 761-6232
Team Efectranics

3275 28th Street
Boulder 447-2368

Team Electronics

The Citadel

Colorado Springs  596-5566
Team Eiectronics

107 S. College

Fort Collins ~ 484-7500
Team Electronics

Teller Arms Shuumng Center
2401 North Avenue

Grand Junction  245-4455
Team Electronics

2045 Greeley Malt

Greeley 356-3800

COLORADO {continued)

Team Electronics
1450 Main Street
Lengmaont  772-7800

Team Electronics

1022 Constitution Road
Belmont Plaza

Pueblo  545-0703

FLORIDA

Bgte Shop

1044 E. Oakland Park Blvd.
Ft. Lauderdale 561-2963
Byte Shop

7826 Bird Road

Miami  264-2983

GEORGIA

Oata Mart, Inc.
3001 N. Fufton Drive
Atlanta  233-0532

HAwAII

Real Share
190 §. King Street #8390
Honolulu  '536-1041

ILLINOIS

Team Electronics
Meadowdale Drive, Space |A
Carpentersville  428-6474
Team Electyonics

Northgate Mall Shopping Center
Decatur  877-2774

Team Electronics

Sandburg Mall

1150 W. Carl Sandburg Orive
Galesbwrg  344-1300

Team Electionics

Southpark Shopping Center
4200 16th Street

Moline  797-8261

Team Eiectronics

4700 Block— N. University Ave.

Peotia  692-2720

Team Electronics
1714 Fifth Avenue
Rock Island  78B-9595

Team Electronics

321 N. Alpine_Road
Rockford  399-2577
Team Electronics
Woodtield Mall F-119
Schaumburg  882-5864

Team Electronics
2716 S. MacArthur Blvd.
Springfield 525-8637
Computerland

0 E. Rand Road
Arlington Heights
Computerland
9511 N. Milwaukee Ave.
Nites 967-1714

Itty Bitty Machine Company
1316 Chicano Avenue
Evanston  328-6800

INDIANA

The Data Domain

2805 E. State Blvd.
Fort Wayne 484-7611
The Data Domain

7027 Michigan Road
Indianapolis  251-3139

IOWA

Team Electronics
202 Main Street
Ames 232-7705

Team Electronics
Duck Creek Plaza
Bettendorf  355-7013
Team Electionics
4444 First Avenue N.E.

Lindale Pla
Cedar Ramds 393-8956

Team Electronics

320 Kimberly Road
Northpatk Shopping Center
Oavenport  386-2588
Team Electronics

2300 Kennedy Road
Dubugue 583-9195
Team Electronics

Room 120 — Space 18
The Mall

fowa City  338-3681
Team Electronics

2015 E, Fourth Stieet
Sioux City  252-4507
Team Electronics.

K-D Stockyards Station
2001 Leech Avenue
Sioux City 277-2018
Team Electronics

2750 leversu AVEnue
Waterloo

KANSAS

Team Electronics.

215 W. Kansas Avenue
Garden City  276-2811
Team Electronics

14 S. Main Street
Hutchinson  662-0632

255-6468

KANSAS (continued)

Team Electronics
2319 Louisiana Street
Lawrence 841-3775

Team Eiectronics,

1132 Westloop Shopping Center
Manhattan ~ $39-4636

Team Electronics

Space 81-A Mid-State Mail
Salina 827.8361

Team Electronics

907 W. 27th Street Terrace
Topeka 267-2200

Team Etectronics
Towne East Suuale
7700 E. Kel ngg
Wichita  685-8826
Team Electionics

791 N. West Street
Wichita 942-1415
Team Electranics
"“The Mall" on Harry Street
Wichita 682-755%
Bamey & Associates
425 N. Broadway
Pittsburg  231-1370

KENTUCKY
Computerland
813 B Lynden Lane
Louisville  425-8308
The Dala Domain
506 Euclid Avenue
Lexington  233-3346
The Data Domain
3028 Hunsinger Lane
Louisville 456-5242

MARYLAND

Computerland
16065 Frederick Road
Rackville  948-7676

MASSACHUSETTS
The Computer Store, Inc
120 Cambridge Street
Burlingten  272-8770

MICHIGAN

Team Electronics

Delta Plaza Shopping Center
Escanaba  786-3871

Team Electionics
M&M Plaza
Menominee 864-2213

MINNESOTA

Team Electronics
Ridgedale Mall

12503 Wavaata Bivd.
Minnetonka  544-7412
Team Electronics

204 Southdale Center
Edina  920-46817

Team Eleclionics
1248-50 Eden Prairie Center
Eden Prairie  941-8901
Team Electionics
207 Third Street
Bemidii  751-7880
Team Electronics
Kandi Mall South Hwy 71
Willmar  235-2120
Team Electronics
Crossoads Shunpmg Center
St Cloud
Team Electronics
Cedar Mall
Owatonna  461-7248

Team Elecnonlcs

Mesahi
Huhbmg 253 8200

Team Electronics
Thunderbird Mail
Virginia 741-5913
Team Electronics
Apache Plaza

Silver Lake Road

St. Anthany  789-4368

Team Electronics

733 S. Robert Street
West St. Paul  451-1765
Team Electronics

2640 Hennepin Avenue S.
Minneapolis  377-9840

MINNE SOTA {continued}
Team Electronics

455 Rice Street

St. Paul  227-7223

Team Electronics

110 Sixth Avenue S.

St. Cloud  251-1335

Team Electronics

6413 Lyndale Avenue S.
Minneapolis 869-3288
Team Electronics

1311 Fourth St. S.E.
Minneapolis  378-1185

Team Electronics
Maplewood FPlaza

3000 White Bear Avenue
Maplewood  777-3737
Team Electionics
Madison East

Mankato  387-7937

Team Electronics

310 Grant Avenue
Eveleth  749-8140
Team Electronics

Har Mar Mall

2100 N. Snelling Avenue
St. Paul  636-5147

Computer Depat
3515 W. 70th Street
Minneapolis  927-5601

MISSOURI

Team Electronics
Biscayne Mall

301 Stadium Blvd.
Columbia 445-4436

Electronic Components Inti.
1306-B South Hw5 63
Columbia  443-5225

MONTANA

Team Electionics

613 Central Avenue
Great Falls  852-3281

Team Electmnics

1208 W. Kent
Mlssuula 549-41 19

Computers Made Easy
5 Morrow
Bozeman 586-3065

NEBRASKA

Team Electronics

148 Conestoga Mall
Highway 281 & 13th Street
Grand Island  381-0558
Team Electronics

2 * Street

Lincoln  435-2959

Team Electronics

304 S. 72nd Street
Cedarnole Shaugmsg Center
Omaha

Team Electronics

Bel Air Plaza

12100 W. Center Road
Omaha 333-3100

Team Electronics

Sunset Plaza Shopping Center
Norfotk ~ 379-1161

Team Electronics

! Mall

000 S. Dewey

North Platte  534-4645
NEW HAMPSHIRE
Computermart

170 Main Street
Nashua 863-2386

NEW JERSEY

Computerland
2 De Hart Street
Morsistown  §38-4077

Computermart
501 Route 27
Iselin 283-0600

NEW YORK
Computerland

1612 Niagara Falls Blvd.
Bullalo "836-6511
Computeriand

225 Elmira Road

Ithaca 277-4888
Co-op Electronics

9148 Main Street
Clarence  634-2193

NORTH CAROLINA

Byte Shop
‘213 Hlllsbnmuqh St.
Raleigh  833-0210

NORTH DAKOTA
Team Electronics

2304 E. Broadway
Bismarck  223-4546
Team Electrenics

West Acres Shopping Center
Fargo  282-4562

Team Electionics

1503 11th Avenue N.
Grand Forks  746-4474
Team Electronics

209 11th Avenue S.W.
Minot  852-3281

Team Electronics
109 Main Street
Williston  572-7631

OHIO

The Data Domain
1932 Brown Street
Dayton  223-2348

OKLAHOMA

Team Electronics

1105 Eim Street

Stuhbeman Village

Norman  329-3456

Team Electronics

Crassroads Mall

7000 Crossoads Space 2010
Oklahoma City  634-3357
Team Electronics

Penn Snuale Shopping Center
Penn Sgual

Dklahoma CI[V 848-5573

Team Electronics

1134 Hall of Fame Avenue
Stillwater  377-2050
Team Electronics

5305 E. 41st

Southroads Mall

Tulsa  633-4575

Team Electronics
Woodland Hills Mall

7021 Memorial

Tulsa  252-5751

Team Elecuomcs

Surrey H

Yokan 373 1994

Bits, Bytes & Micros
1186 N. MacArthur Blvd.
Oklahoma City 947-5648
High Technology

1020 W. Wilshire Blvd.
Okiahoma City 842-2021

OREGON

Team Eleclmmcs
N.E. Third Stveet
Bend 389-8525

Team Electronics
1023 S.W. 1st
Canby 266-2538
Team Electronics

2230 Fairqround_Road N.E.
Satem 364-3278

SOUTH DAKOTA
Team Electronics

402 W. Sioux Avenue
Piene  224-1881

Team Electronics

1101 Omaha Street
Rapid City  343-8363
Team Electronics

613 W. 41st Street
Sioux Falts  336-3730

Team Electionics
41st Sneet & Western Avenue

Wester
Sioux Falls 333 un

Team Electyonics

Sioux Empire Mall
4001 Wes1 415t Street
Sioux Falis  339-2237

Team Electronics
223 Ninth Avenue S.E.
Watertown 886-4725

TEXAS

Byte Shop

3211 Fandren
Houston  977-0664
Comguterland

6439 Westheimer
Houston  987-0909

Computer Shogs Inc
3933 North Central
Dallas 234-3412
The Computer Shop
6812 San Pedro
San Antonio  828-0553

Computer Tesminal

2101 Myrtle St.

El Paso  532-1777
The KA Computer Store
1200 Maiesty Orive
Dallas

VIRGINIA

Home Computer Center
2927 Virginia Beach Bivd.
Virginia Beach 486-1700

Timbervilie Electronics
P.0. Box 202
Timberville 886-8926
WASHINGTON
Team Electronics

W. Yakima
Yakima 453-0313

WISCONSIN
Team Electronics
3209 Rudolph Road
Eau Claire  834.0328

Team Electronics

3365 E. Clairmont Parkway

Eau Claire  834-1286

Team Efectronics

3365 E. Washinf]tnn Avenue

WMadison  244-1339

Team Electronics

7512 W. Appleton Avenue

Milwaukee  461-7800

Team Electronics

3701 Durand Avenue

Elmwood Plaza Shouulng Center

Racine  554-850!

Team Electronics

3347 Kohler Avenue
Memarial Mall, Space H-4
Sheboygan 458-8791

Team Electionics

5300S. 76th

Southridge Center
Greendale 421-4300

Team Electronics

Sunrise Paza

Highway 8 Eas

Rhinelander 369-3900

Team Eiectronics

1506 Losey Blvd. 5.

Village Shopging Center
LaCrosse  788-2250

Team Electronics

2207 Grand Avenue

Wausau  642-3364

Team Electronics

:53301"35003§ 27th Sclleel
outhgate Shopping Center

Milwaukee ;)2 9

Team Electronics

2619 Miiton Avenue

Janesville  756-3150

Team Electronics

1801 Marshall Street
Manitowoc  684-3393

Team Electronics

7700 W. Biowndeer Road

Northridge Center
Milwaukee 354-48BD

Team Electronics

396 Park Avenue
Oshkosh  233-7050

WYOMING

Team Electronics

HI||lng Shopping Center
Montana

Casper 235-6691

CANADA

Future Byte
2274 Rockland

Montreal, Que. 731-4638

If you would like to be an Apple dealer, call Gene Carter,

Director of Dealer Marketing, 408-996-1010.

applec computer Inc.

20863 Stevens Creek Boulevard, B3-C
Cupertino, California 95014
(408) 996-1010

Circle 4 on inquiry card.



YTE’s Bugs

Some Comments on ‘““An APL Interpreter for Microcomputers, Part 1"

The following letter from Fred | Dickey contains corrections to “An APL Interpreter
for Microcomputers, Part 1"’ by Mike Wimble, which appeared on page 50 of the August

1977 BYTE. We thank Fred for his efforts.

I received my August 1977 BYTE
yesterday, and was quite impressed by
Mr Wimble’s APL implementation article
and the fact that he is giving a hardware
independent description of a significant
software system. This article is of value
regardless of what type of micropro-
cessor one uses. Furthermore, one would
expect the article to be of value as long
as there is interest in APL, which will
probably be long after the current
crop of microprocessors become histori-
cal curiosities.

Despite my enthusiam, | regret to
inform you that | found the following
errors by doing a hand simulation of the
program on page 55.

1. Some arrays are dimensioned
starting at O, others at 1. In particu-
lar TVAL starts at 0, and all others

seem to start at 1. This is not
explained anywhere.
2. FUNC, NOMBRE, OTHERS,

NILAD, MONAD, DYAD, EOL,
CARRET are called subroutines,
but they are in fact extensions of
the main routine given on page 56.

3. The labels IP, IPGET, IP-GET, and
IPINIT are nowhere defined.
Apparently IP = IPGET = IP_GET
and the flowchart on page 56
should appear as shown in figure 1.

4. Why is DA initialized to 3? Also,
the scanner initialization box on
page 56 should appear as in figure
1.

5. “No” and ‘“‘yes” on page 56 should
also appear as in figure 1.

6. The call to IDEN on page 56 should
say CALL IDEN (Q, B). Otherwise
Q and B are undefined.

7. The flowchart on page 62 should
appear as in figure 2.

8. On page 64, it should be made clear
that F and Q are local parameters
of subroutine FN.VAR_ADD. F and
Q have different meanings external
to this routine.

9. On page 64, “routine” carret refer-
ences STMT. STMT must be in
ROM. What is its value?

10. The flowcharts do a good job of
trapping errors. How do you re-
cover?

11. Let “_" mean blank. On the
example of page 55, you state that

you are going to scan 37 25, but
apparently 3_7 2_5 is scanned
instead.

12. On page 55, SP(19). C = 6. | don’t
see how this can be. Also, SP(9).
C=4not6,and SP(2).P=0.

13. Make the following change on page
64:

SP(1}.Ce9
SP{l).P=-0
T

| Ie1+
FTAB(F ).F7=-VAL
LENG=—VAL
VFUNC (LENG)=0

~VAL=—VAL +|

Fred ] Dickey
3420 Granville Rd
Westerville OH 43081

Mike Wimble replies:

Mr Dickey is correct on most points;
however, | would like to clarify the
following:

Point 3: IPINIT is of course the
beginning of the statement inter-
preter as defined in part 2 of the
article published in September.
Point 4: / inadvertently included
DA in this portion of the article.
It is used in a later version of the
interpreter to handle threaded
lists.

Point 9: STMT, again, is part of
the later version of my inter-
preter, and should be ignored.
Point 10: This version of the
interpreter has no provisions for
error recovery.

Point 12: SP(19).C was incor-
rectly set equal to 6; it should
equal 8. SP(2).P is correct as it
stands. Although 1 did not state it
explicitly, the case for SP(1).C=1
is used in the later version of my
interpreter. It indicates that P is
not to be used at that time (This

Continued on page 164

Figure 1.

PROGRAM
START

FLAG=-FALSE
-

SP(1).C+9
SP{1).P=0
VAR, VAL,
Fa0
DAw-3

GET AN
INPUT
STATE-
MENT
Jomi

SKIPSP

IGNORE
LEADING
BLANKS

5{J)e
CAR.RET,
?

NO

FLAG»=FALSE
Ja—Jel

L

2,5

GET IDENTIFIER

U3

f————

LOOKUP

(Q,vTaB. v, 2)

VAR=—VAR+1

VTAB{VAR).VI+Q
VTAB(VAR}).V2<-0
VTAB (VAR).V3ie-0

L

Figure 2.

]

LOOKUP

(S(4), SPECTAB,K)

(e =t

QeSS {a+1}

LOOKUP

(G,REDTAB,N)

SP{1).Ce5
SP{l1).PeN
Te—L+1
deg

la—1
J-—y

SP{I) .
SP{L).

Ce—4g
Pe-Z
+1
+1

-
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BOMB Lands on APL

Readers of the August 1977 BYTE voted
for APL all the way. The BOMB first prize
of $100 goes to Mike Wimble for his article,
An APL Interpreter for Microcomputers,
Part 1, on page 50. The $50 second prize
goes to Dr Kenneth Iverson for Under-
standing APL, page 36. The distribution of
points for August’s articles was relatively
even in the voting (The standard deviation

was only 10% of the mean of all article
votes.), indicating a diversity of interests on
the part of BYTE readers. Mike Wimble’s
article was 1.7 standard deviations above
the mean, and Dr lverson’s article was 1.3
standard deviations above the mean. Readers
are encouraged to express their opinions
about this month’s articles by filling out
and sending in the BOMB card between
page 256 and the inside back cover.®

Readings for Your Next Squantum

! By Manuel D Juan

“"How do you multiply MDCX1! and L VI on this thing?"

00l

ol

By Duane Bibby

“Maybe |'m biased, but he seemns a little saturated to me.”’

38
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Microcomputers:

Just Ask IMSAL

If you wonder who leads the was in
technologs . look into IMSATS histor
industry firsts  TMSAT R4S first complete
control computer on a board, TMSAT63K
R AN Bauard. first to ofler four umes the
memory capacity previoush aviilable on
one board. INSAL printers first wath high-
speed direct memory aecess,

It vou wonder why IMSAL products
have gained the reputation for the standard
of exceflence I microcomputer systems,
check with any one of the more than 10.0040
IMS AL owners.

I vou wonder who offers the broadest
line of hardware. sottware. and peripherals,
visttany one of the more than 275 IMS AL
dealers around the world

It vou wonder how picrocomputing
can Hvour specific needs. ask IMS AL
Because when it comes to microcomputers.
we have the answers,

An IMSAI Product to Answer Every
Microcomputing Need:

Let's start with our product hne. In
all. INS AT offers more than 120 high
quality. completels mtegrated systems,
components, peripherals and seftware
Here's justa sampling:

Single Board Central Processors:

o MPU-A (K080 based)  Industry standard

o MPU-B (SO8S basedy 307 faster 8080,

» X048 Programmable control computer

Interfaces:

o Video 14O 2080 CRT Fdit & data entry

« Seral 170 2 port 17O, adlstd protocols

s Paralleb 170 d& 6 part TT1 level 170,

« Muluple 10 2 cassette. 2 paraliel.
I serial & 1 eontrol 1O

« DMA For Hoppies & hine printers,

Peripherals:

= Printers 40804132 col. 30 ¢ps-300 [pm

« Video displass Large assortment

o Tape Drive 9 track ROO bpr 23 4ps.

= Flopps Disks - Single - double densiny

Memory Expansion Boards:

* 4K RAM  Programmable memon
protect

= 16732765K RAM- 16K paging option for
virtual memory addressang.

= Intelhigent Memorny Mngr. Handlesup
to I megibyie.

Self-Contained Systems:

« VDP-RO Computer ‘terminal/mass
storage unit Assembled & tested

* PCS-80  Integrated component systen.

Software:

* DOS Enhunced CPM.

» BASIC Interactive or compiler with
scientific and/or commercial features.

Circte 67 on inquury card.

«FORTRAN IV Level 2 ANSI compiler
= Self-contained Systems:
SCS 1 & 2/TCOS Assembler/line
editor/debugger.
4 & 8K BASIC Opuonal cassette
support.

Compare IMSAL You'll reahze that
ours iy the most complete product hne
available. Whatever sour needs, vou cuan
get them from one source. IMSAL

A wide selection of components is only
the beginning. IMSAL offers much more.
Justank,

Answers For Businessmen:

Announcing IMSALDs VDP-RO. This
totally self-contined unitincludes a mega-
byte of disk memory via Hoppy disk, 32K
computer memaorny (expandable to 256K).
12 CRT and 62 pad main keyboard with
10 pad numenickeyboard Several
printer options available.

If vou want speed und accuracy in
high volume work such as word processing.
or business data cotlecuon and analysis. the
VDP-80 is your cost eflective answer.

Answers For The Personal User &
Educators:

Introducing IMSATS new PCS-R0
System. the fully mtegrated microcomputer
component system. configurable o your
exatet needs. The basie svstem consists of
our Intethigent Kevboard and the PCS-80
whnch houses an 8085 based CPUL 16K of
RAM. intelligent ROM momtor. serial 170
port. 2880 CR [ wiath an extra 7slots o the
chasss for expansion.

System component options include
single or dual mini and standard floppy
dishs. The chowee s vours, configure the
system as vou hike,

IMSAT has answers for the educator.
too. Take the basic PCS-80. add 8K of
PROM. 4K ol RAM and our seff-contained
RK BASIC software. and you have a
complete operating svstem your entire
department can use to ach anvthing from
elementary programming to advanced
compuier science.

Require a bit less sophistication? Use
our Intelligent Breadbourd svstem for
learning. designing und building micro-
computer assemblies.

Rather do it from scratch? Start with
our single board MPLU-B central processor.
the heart of the PCS-RO Svaem. [thas a |K
ROM monitor. 256 bytes of RAM and
serial and parallel 1/0.

Since the MPU-B is 80RS based. vou
can run all programs previously developed
for the 8080, 50% fasier. Without requiring
faster memory,

Answers For Industry:

IMSAI products provide the
expandability and flexibility manu-
tacturers demand for microcomputing
applications.

We offer rack mountable components
for the standard 19” RETMA racks.
powerful MPU boards. 170 and memory
boards tor casy system expansion and
configuration. and a broad line of
peripherals and subsystems fully integrated
and ready to go to work.

IMSAT has what you need to make
tomorrow’s design today’s reality.

Answers For Current IMSAI Users:

There are over 10.000 of you. And.
we haven't forgotten. You might say that
we thought of vou before you even thought
of us.

That's why every new product s
designed to accommodate expansion.
rather than outdate equipment.

Far example. our new PCS-80 retro-
fit kitcomes complete with MPU-B.
replacement front panel photomask and
additional hurdware bracketing. So sou
can enjoy a single cabinet PCS-R0
computer. with vour choice of integrated
component configurations.,

The Answer For Evervone:

Dial (4153 483-2093, Ext. ACT.

That's IMSAT'S action hotline. Designed to
answer the thousands of questions we
didn’t have a chance to answer in the space
of this ad

Call us. We'll assist vou in putting
together a svstem. direct vou to vour nearest
IMSAL dealer. and send you our new
catalog with all the details,

In short.if vou have any questions at
all regarding microcomputers. put us to
the test.

Justask IMSAL

NMIS/AT

The Standard of Excellence in
Microcomputer Systems.

IMSAI Manutacturing Corporation
14860 Wicks Bivd Dept B-9

San Leandro CA 94577

(415) 483-2093 TWX 910-366-7287

 eatures and speabications subgect to chanee without
nuotice
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CLOCK
SOURCE
1-99 Hz

Figure 1: The hardware configuration required for a real time clock imple-
mented with an interrupt line. For the 6800 processor, the negative gqoing
pulse of the monostable (oneshot) should be at least two processor cycles
in length. The switch S1, or its logic circuitry equivalent, is essential in order
to disable the interrupts if user programmable volatile memory contains the
interrupt routines. If this switch or its equivalent is not present, receiving
interrupts from NM/ in absence of an interrupt routine (following power on)

M F Smith

Research Assistant
Department of Oceanography
Univarsity College

Galway IRELAND

Using Interrupts for Real Time Clocks

We have developed several software time-
keeping routines for oceanographic data sys-
tems which may be of more general interest.
These routines are based upon the Motorola
M6800 and have been tested on SwTPC
6800, MITS 680b and Motorola MEK-
6800D1 evaluation kit systems. The routines
require little memory or hardware and do
not slow program execution appreciably.
Features of the routines are:

® packed BCD storage of time values:
days, hours, minutes and seconds.

® [ittle interference with user routines
through use of interrupts.

® usable with a wide range of clock
frequencies.

® minimal hardware complexity.

® possibility of event scheduling.

5V

£ pULL UP RESISTOR
i (MAY ALREADY EXIST
(N YOUR SYSTEM]

ONESHOT |_
5 (MONOSTABLE) |@ I\ - D 10
3 2 uSEC I,/ M&BOO
PULSE WIDTH NI
OPEN COLLECTOR
TYPICAL INTEGRATED CIRCUITS BUFFER

74121, 74123, 9601

TYPICAL CIRCUITS
7401, 1406

leads to quite unpredictable results in the behavior of the system.
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Hardware

The routines are driven by direct non-
maskable interrupts of the processor by a
clock pulse source as shown by figure 1. Use
of the NMI in this fashion precludes use for
other functions but minimizes hardware.
Also, such use of interrupts can cause prob-
lems when timing loop software is inter-
rupted: constants which are valid without
interrupts can be incorrect when interrupts
are in operation. With these caveats in mind,
however, use of interrupts proves quite con-
venient.

The clock source may be in the range 1 to
99 Hz (10 Hz is used here) and drives a
monostable (74121, 9601, etc). The Moto-
rola literature describing the 6800’s non-
maskable interrupt function is just a trifle
confusing. Using the information in the
M6800 Microprocessor Applications Manual,
one could conclude that the NMI line re-
quires a low feve/ input to initiate an inter-
rupt. This conclusion results from the terse
description of NMI and reference to the fact
that NMI! is supposed to work similar to
IRQ. However, the hardware specification
sheets for the processor explicitly state that
NMI is sensitive to the negative going edge of
the digital signal on its input. This detail is
easily confirmed by experiment. [/t is also
the only sensible way to handle this inter-
rupt, in view of the fact that it cannot be
masked in the processor to inhibit further
interrupt while the interrupt routine is in
operation . . .CH/ The oneshot in figure |
should be interpreted as a way of trans-
forming an arbitrary signal into a well-
defined TTL pulse of a minimum 2 micro-
seconds in length, or slightly greater, which
provides the required negative edge.

Unless the time routine is stored in ROM
with “"hard” NMI vectors, means of disab-
ling NMI pulses must also be provided until
the interrupt routine and vector are estab-









lished in programmable memory. We use a
mechanical switch (S1), but more elegant
methods are possible with increased hard-
ware complexity.

Software

A minimal timekeeping routine called
RAMTIME is shown as listing 1. This routine
performs the function of a real time clock
when it responds to the interrupts from
NMI. It has two counters. A counter 1 byte
long called WATCH continually cycles with
a binary integer count. A second 5 byte
count field provides the usual day, hour,
minutes and seconds counts using the
“overflow" constants 99, 99, 24, 60, 60 and
the number of interrupts per second to
determine when a carry has occurred. All the
counting in this field is done in BCD. If at
any time it is desired to output the BCD
numbers in the various count fields, the
MIKBUG  subroutines OUT2HS  and
OUTA4HS can be used to convert to external
ASCII decimal values on a terminal.

The program includes a binary ‘‘stop-
watch' function. The location WATCH is
incremented with every NMI pulse, thus
providing a convenient means of timing
short events. This function can be elimin-
ated with a small saving of memory, if
desired.

Clock rates different from the 10 Hz rate
are accommodated by changing the RATE
variable (RAMTIME) to the packed BCD
value of the clock rate, eg: the present rate
of hexadecimal 10 (BCD for 10 Hz) is
changed to hexadecimal 60 for a 60 Hz
clock source.

Scheduling

The nature of the NMl-driven clocks
make them ideal for the inclusion of task
scheduling routines. Scheduling, using these
routines as vehicles, is transparent to the
user program, ie: scheduling is performed
without ‘““knowledge’’ of the program that
scheduling is going on. Timetables are
accurate because the schedule is checked
every NMI. A very simple scheduler is
suggested in the flowchart of figure 2.
This algorithm implements a timing diagram
(like that in the figure) which switches
between two tasks arbitrarily called “fore-
ground” and ‘“background.” This is the

PACE 001 RAMTINE
0gool NAN RAHTIME
00002 AO4&A ORC SADGA
00003 AO&A OO FCB o hUMMY LOCATION
00004 AD4R QO DAY FC8 Q TIME IN PACKED BCD FORHAT
00005 AG4C 00 HOUR FCca ]
00006 AD4D DO MIN FCB [}
00007 AD&E DO SEC Fca ]
DOO0O8 ADAF 00 SECI FCHn [}
00009 AO50 00 FCH Q DUMMY LOCATION
DODIO ADSY1 00 WATCN  FCH 0 BINARY "STOPWATCH’® LOCATION
00011 .
00012 ADSZ 99 FCn 599,599,524,560,560
ADS3 99
AUS4 24
AUSS &0
ADS56 &0
o001 *
00014 AQS7 )0 RATE FCo s10 *CLOCK RATE
0001 *
aoole SFOR DIFFERENT CLOCK RATES, CHANCFE RATE
0001!7? *E.C., FOR 60 HZ CLOCKX CHANGE TO 560
00018 *1-99 HZ ALLOWARLE CLOCK RATES
00019 .
00020 AOS8 CE A0St TIME Lnx FUATCH TINF PROGRAM BRFGINS HEPRE
00025 AO5SR 6C 00 IRC 0,Xx ITNCREMENT THE STOPWATCH
00022 ADSD 09 DEX NECREMENT TIME ADDRESSES
00023 AOSE &F 00 DINC CLR 0,X CLEAR O% CARRY
00024 ADSD 09 DEX NEXT ADDRESS
00025 AQ61 86 01 LDA A #1 DECIMAL INCREMENTATUON/CARRY
00026 AD&Y AB DO ADD A O,X
00027 AQ&Y 19 DAA ALY CARRY
00028 AOK6 AZ 00 STA A DX COMPLETE DECIMAL IRC
00029 AO6E Al 07 CHP A 7.,X% CARRY?
00030 AQBA 27 F2 BEQ DINC YES, CARRY
aog3l -
00022 BEASCHEDULER(S) THSERTED HERFEAee
00033 -
00034 AOBC IR RTI RETURN TO PROCRAM
G002% -
40016 END

TOTAL ERRORS 00000

Listing 1: RAMTIME. This routine is a minimum ‘‘clock’ and ‘“‘stopwatch”
function to be used at interrupt service of an NMI (nominally 10 Hz rate).
The “‘stopwatch’ maintained at hexadecimal location A0S51 is incremented
as a binary number every interrupt for short term timing by counts. After
incrementing stopwatch, the routine treats the bytes at locations AO4A to
AO4F as a 12 digit BCD field with subfields for days (2 bytes), hours (1
byte), minutes {1 byte) and seconds (1 byte) and parts of a second (1 byte).
The overflow values for each field are coded as BCD numbers stored at loca-
tions A052 to A057.

simplest form of ‘‘timesharing” or “multi-
programming.”’

Operation

Startup of the routines is not auto-
matic if routines and vectors are held in
programmable memory. The source of NMI
pulses must be disabled until the routine and
vector are loaded. Once they have been
installed, enable the NMI source and the
routine begins working. Time can be set
using memory alter functions or with
special setting routines. Once the time-
keeper is running, normal operation may
proceed as usual, subject again to the caveat
of checking the effects of interrupts on any
timing loops in other programs.m
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Figure 1: Typical shape of
a voltage transient wave-
form. The voltage tran-
sient is superimposed on
the normal voltage in a
circuit, and is charac-
terized by an exponen-
tially damped envelope
around an oscillatory
waveform.
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Spikes: Pesky Voltage Transients and

How to Minimize Their Effects

You're sitting at your computer playing a
game of Super Universe War, about to defeat
King Computer, when suddenly, instead of
his spaceship disappearing from the display,
you see smoke rings drifting from the top of
your mainframe. While you curse the expert
technician that built the system (you), you
dissect the power supply and find a shorted
rectifier diode or a bad regulator integrated
circuit. Although the uninformed would
blame the component manufacturer, you
know that it was Spike that did you in;
possibly the voltage spike your brother made
when he started the washing machine. The
roughest environment you can put that
fragile MOS circuit in is probably the one
you find most comfortable, your house. The
way voltage transients run around the power
wiring in your home, you'd think they made
the mortgage payment. Let's look at just
what these beasts are, where they come
from, what they do, and how to protect
your microcomputer from them,

The beast I'm talking about is the voltage
impulse that enters your computer through
the wall plug and tries to eat power supply

<—EXPONENTIAL ENVELOPE

1200V -
5 TO 10mS
s

VOLTAGE

TIME

components and fragile chips. These spikes
originate everywhere, You can't turn on the
television or turn off the coffee pot without
making one. Many are small enough to pass
by unnoticed, but often they dump their
energy where you least want it. Voltage
spikes of 1700 V have been recorded on the
120 V wiring in common houses. Multiple .
spikes of over 1200 V can be expected in 2
to 4% of all houses. These are usually due to
changes in an electrical circuit, ie: opening
or closing a switch. Remember, the wiring in
your house obeys the same laws of nature
that govern other circuits with resistance,
inductance and capacitance. If you try to
rapidly change the current through an in-
ductor, for example, opening or closing a
switch, the voltage across it rises rapidly.
Guess what? Most power wiring just happens
to be predominately inductive. Researchers
have shown that residential areas often
exhibit more transients, and more severe
transients, than commercial and even some
industrial areas. What does the spike look
like on an oscilloscope? It is usually a
damped sine wave such as the one in figure
1. 1t has extremely sharp rise characteristics
(steep leading edge) and it normally dies out
after 5 or 10 cycles. It may be only 5 us
long, but may last for 50 us or longer. A
typical wave shape is shown in figure 1.
Another source of surges that | will quickly
mention is lightning. Although we can't
prevent it, we can divert it. | have a lightning
arrester at the power entrance to my house.
If you don't, | strongly suggest that you
look into getting one. It's a good insurance
policy for about $10. I've never seen an
electric utility that didn’t install lightning
arresters like they were going out of style,
and those people know what they are doing.

Now, let’s look at what a well-placed
spike can do. It might find a low impedance
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Figure 2: The combined isolation and shunting method is the best way to protect your system
from voltage transients. The varistor shunts large transients in the AC source of power. Small
high frequency ‘“‘despiking” capacitors provide a low impedance path for any components of
the external spike which make it through the transformer and rectifier. (The inductance of the
regular filter capacitor tends to limit its usefulness at high frequencies.)

path to ground and pass by unnoticed. But
more than likely it will enter some dandy
appliance, or your computer, and do all the
damage it can. Remember that 1 that mys-
teriously appeared in memory shortly after
you wrote a 0? Have you ever wondered
how that bad data got into your system? It
could have been put there by your next door
neighbor turning on a vacuum cleaner. You
have seen rectifier diodes fail when they
were carrying only a tenth of their rated
current, voltage regulator integrated circuits
die when they weren’t even running warm,
and transistors stop working when the her-
metic seal broke, letting out the smoke.
(I've always wondered how they work with
all that smoke in there.) If you have mysteri-
ous errors in your system, transient and ran-
dom, chances are a spike might have been
involved.

Now let’s get to the good part: how to
get rid of the little monsters. There are two
basic techniques available. First, you can
attempt to isolate the equipment from the
source of the spikes by running it on
batteries or an uninterruptible power supply.
Isolation transformers show up at the sur-
plus dealers occasionally, but are usually
expensive. The second method is usually
cheaper, but is somewhat less effective. Use
the voltage divider principle and shunt the
spike to ground through a low impedance at
the power supply. A common example of
this principle is the 0.01 uF capacitor placed
between the power buses and ground of a
digital circuit, to suppress the low level
switching transients of digital integrated
circuits. Since we are talking about tran-
sients that come in over AC lines, we need to
put the low impedance on either the AC line
or the power supply bus. On the DC side,
hefty filter capacitors do this for the spikes
with low frequency characteristics, but they
often exhibit stray inductance which looks
like a high impedance to a fast pulse. Putting

a 0.01 uF capacitor in parallel with the filter
capacitor willl take care of many of these.
Nonlinear devices such as spark gaps and
varistors may be placed on the AC line. The
last part of the shunt method is the most
important. Put a good ground on the ma-
chine! If your house doesn't have three wire
outlets, tie the case ground to a water pipe;
if you have to, drive a ground rod. Be aware
of the grounding system in all your elec-
tronic equipment. Poor grounding practice
can cause shocks, ground loops, and erratic
operation. [When | took my system away
from its usual solid grounding arrangements
for a demonstration at the ACGN] meeting
May 20 of this year, the lack of a good
ground became painfully obvious: programs
which have never before committed suicide
became quite distressed and  recal-
citrant ... CHJ

We can expect to adequately protect the
hardware without much trouble (or cash).
The best procedure is to use a combination
of the above methods as shown in figure 2.

I’ve tried to explain a little about voltage
transients without getting into the physics of
semiconductor failure or transient genera-
tion analysis. If you want to become better
versed in this field, read several of the
references. They all offer good background
material and references 2 and 3 give detailed
information. Hopefully, you are among the
many who haven’t had any problem with
spikes. The best time to prepare for them is
before they give you trouble.m

REFERENCES

1. Westinghouse Electric Corporation, Electrical
Transmission and Distribution Book, East Pitts-
burgh PA.

2. G J Hahn and F D Martzloff, July 1970, ""Surge
Voltages in Residental Power Circuits,’”” /EEE
Transactions on Power Apparatus and Systems,
89 (6) 1049-1056.

3. General Electric Company, Transient Voltage
Suppression Manual, Syracuse NY.












Programming Ouickies

Here is a program | wrote using Tom 230 PR "X
Pittman's Tiny BASIC. 1t originally appeared 235 GOTO 260
in KiM-1 User’s Notes. This program allows 240 PR " “X
my two children to play with the computer 260 IF Y<=10 GOTO 280
and also learn math. The output of the 270 GOTO 290
program looks like this: 280 PR X ";Y
285 GOTO 300
TH;E; IS A MATH TEST 290 PR “X ":Y
300 PR“___ ",
X 6 310 LET Q=X*Y
? 320 INPUT D
If the correct answer is input, the com- 330 GOTO 120
puter replies with YOU'RE RIGHT and a 350 LET X=(RND (50)+1)
new problem is set up, For a wrong answer 355 LET Y=(RND (50)+1)
the reply is ??WRONG??, TRY AGAIN and 360 IF X<=10 GOTO 380
the same problem is repeated. If you answer 370 GOTO 390
incorrectly three times THE RIGHT AN- 380 PR X
SWER IS 72 appears and a new example is 385 GOTO 410
set up. 390 PR ;X
The actual problems are randomiy chosen. 410 IF Y<=10 GO TO 430
The number limits for multiplication are set 420 GOTO 440
Robert G Lloyd at line 200 for the multiplicand and 205 430 PR" + " Y
7554 Southgate Rd for the multiplier. Lines 305 and 355 define 435 GOTO 450
Fayetteville NC 28304 the two addends for addition.m 440 PR “+ " Y
450 PR “_ ",
10 PR “THIS IS A MATH TEST" 460 LET Q=X+Y
15 PR 470 INPUT D
20 LET V=0 480 GOTO 120
30 LET I=0 500 PR “YOU'RE RIGHT"
35 LET Z=0 505 PR
40 PR “TYPE 1 FOR MULTIPLICATION" 508 LET Z=Z+1
50 PR 509 IF Z<3 GOTO 512
60 PR "“TYPE 2 FOR ADDITION" 510 GOTO 10
70 PR 512 IF I=1 GOTO 200
80 INPUT I 514 IF I=2 GOTO 350
90 PR 600 PR “ WRONG , TRY AGAIN"
100 IF I=1 GOTO 200 610 PR
110 IF I=2 GOTO 350 620 LET V=V+1
120 IF D=Q GOTO 500 630 IF V=3 GOTO 650
130 GOTO 600 640 IF 1=1 GOTO 210
190 END 645 IF I=2 GOTO 360
200 LET X=(RND (12)+1} 650 PR “THE RIGHT ANSWER IS ",
205 LET Y=(RND (12)+1) 655 PR Q
210 IF X <=10 GO TO 230 660 PR
220 GOTO 240 670 GOTO 10
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See Sol here...

ALABAMA

{CP, Computeriand
1550 Montgomery Hwy.
Birmingham, AL 35226
{205) 979-0707

ARIZONA

Byte Shop Tempe
813 N Scottsdale Rd.
Tempe. AZ 85281
(602) 894-1129

Byte Shop Phoenix
12654 N. 28th Dr.
Phoenix, AZ 85029
(602) 942-7300

Byte Shop Tucson
2612 E. Broadway
Tucson. AZ 85716
{602) 327-4579

CALIFORNIA

The Byte Shop

1514 Universiy Ave.
Berkeley, CA 94703
(415) 845-6366

Computer Center
1913 Harbor Blvd.
Costa Mesa. CA 92627
(714} 646-0221

DCI Computer Systems
4670 N. El Capitan
Fresno. CA 83711

{209) 266-9566

Bits 'N Bytes

679 S. State College Bivd.
Fullerton. CA 92631

{714) 879-8386

The Byte Shop

16508 Hawthorne Bivd.
Lawndale. CA 90260
{213) 371-2421

Opamp/Computer
1033 N Sycamore Ave.
Los Angeles CA 90038
{213) 934-3566

The Computer Mart
624 West Katella 710
Orange. CA 92667
(714) 633-1222

Byte Shop

496 South Lake Ave.
Pasadena, CA 91101
(213) 684-3311

Micro-Computer
Application Systems
2322 Capitol Avenue
Sacramento, CA 95816
(916) 443-4944

The Computer Store

of San Francisco

10393 Mission Street

San Francisco. CA 94103
{415) 431-0640

Byte Shop

321 Pacific Ave.

San Francisco, CA 94111
{415) 421-8686

Circle 117 on inquiry card,

The Byte Shop
2626 Union Avenue
San Jose, CA 95124
(408) 377-4685

The Computer Room
124H Blossom Hill Rd
San Jose, CA 95123
{408) 226-8383

The Byte Shop

509 Francisco Bivd.
San Rafael, CA 94901
(415) 457-9311

The Byte Shop

3400 EI Camino Real
Santa Clara, CA 95051
(408) 249-4221

Recreational Computer
Centers

1324 South Mary Ave.
Sunnyvale. CA 94087
(408) 735-7480

Computer Components
5848 Sepulveda Blvd.
Van Nuys, CA 91411
(213) 786-7411

The Byte Shop

2989 North Main St.
Walnut Creek, CA 94596
{415) 933-6252

Byte Shop

14300 Beach Bivd.
Westminster, CA 92683
(714) 894-9131

COLORADO

Byte Shop

2040 30th St.
Boulder. CO 80301
(303} 449-6233

Byte Shop

3464 S. Acoma St.
Englewood. CO 80110
(303) 761-6232

FLORIDA

Byte Shop of Miami
7825 Bird Road
Miami, FL 33155
(305) 264-2983

Microcomputer

Systems Inc.

144 So Daie Mabry Hwy.
Tampa. FL 33609

{813) 879-4301

GEORGIA

Attanta Computer Mart
5091-B Buford Hwy,
Atlanta, GA 30340
(404) 455-0647

ILLINOIS

Champaign Computer
Company

318 N. Neil Street
Champaign, IL 61820
(217) 359-5883

itty bitty machine co.
1316 Chicago Ave.
Evanston, IL 60201
{312) 328-6800

itty bitty machine co.
42 West Roosevell
Lombard, IL 60148
{312) 620-5808

INDIANA

The Data Comain
406 So. College Ave,
Bloomington, IN 47401
(812) 334-3607

The Byte Shop

5947 East 82nd St.
Indianapotlis, IN 46250
(317) 842-2983

Computers Unlimited
7724 East 89th Street
Indianapolis, IN 46256
(317) 849-6505

The Data Domain
7027 N. Michigan Rd,
Indianapolis, IN 46268
{317) 251-3139

IOWA

The Computer Store
of Davenport

616 West 35th Street
Davenport, 1A 52806
(319) 386-3334

KENTUCKY

The Data Oomain
3028 Hunsinger Lane
Louisville, KY 40220
(502) 456-5242

MICHIGAN

The Gompuler Store
ot Ann Arbor

310 East Washington
Ann Arbar, M| 48104
(313) 995-7616

Computer Mart

of Royal Qak

1800 W. 14 Mile Rd.
Royal Oak, M! 48073
(313) 576-0900

General Computer Store
2011 Livernois
Troy, Ml 48084
(313) 362-0022

MINNESOTA

Computer Depot, Inc.
3515 W. 70th St.
Minneapolis, MN 55435
(612) 927-5601

NEW JERSEY

Hoboken Computer Works
No. 20 Hudson Place
Hoboken, NJ 07030

{201) 420-1644

The Computer Man
of New Jersey

501 Route 27
Iselin, NJ 08830
{201) 283-0600

NEW YORK

The Computer Mart

of Long Island

2072 Front Street

East Meadow, L.1.NY 11554
(516) 794-0510

The Computer Shoppe
444 Middle Country Rd.
Middle island, NY 11953
(516) 732-4446

The Computer Mart
of New York

118 Madison Ave.
New York, NY 10001
(212) 686-7923

The Computer Corner
200 Hamilton Ave.
While Plains, NY 10601
{914) 949-3282

OHIO

Computer Mart of Dayton
2665 S. Dixie Ave.
Dayton, OH 45409

(513) 296-1248

OREGON

Byte Shop Computer Store
3482 SW Cedar Hills Bivd.
Beaverton, OR 97005

{503) 644-2686

The Real Oregon
Computer Co.

205 West 10th Ave.
Eugene, OR 97401
(503) 484-1040

Byte Shop Computer Store
2033 SW 4th Ave.
Portland. OR 97201

(503) 223-3496

PENNSYLVANIA

Byte Shop of
Delaware Valley

1045 Lancaster Pike
Bryn Mawr, PA 19010
(215) 525-7712

RHODE ISLAND

Computer Power, Inc,
M24 Airport Mall
1800 Post Rd.
Warwick, R] 02886
(401) 738-4477

TEXAS

Computer World
926 N. Collins
Arlington, TX 76011
(817) 469-1502

Byte Shop

3211 Fondren
Houston, TX 77063
{713) 877-0664

Computeriex

2300 Richmond Ave.
Houston, TX 77006
{713) 526-3456

Interactive Computers
7646'2 Dashwood Rd.
Houston, TX 77036
(713) 772-5257

Neighborhood Computer
Store

=20 Terrace Shopping Center
4902 - 34th Street

Lubbock, TX 79410

(806) 743-2787

The Micro Store

634 So. Central
Expressway
Richardson. TX 75080
(214) 231-1096

VIRGINIA

The Computer Systems
Store

1984 Chain Bridge Rd.
McLean, VA 22101
(703) 821-8333

Media Reactions [nc.
11303 South Shore Dr.
Reston. VA 22090
(703) 471-9330

The Home Computer Center
2927 Virginia Beach Blvd.
Virginia Beach, VA 23452
(804) 340-1977

WASHINGTON

Byte Shop Computer Store
14701 N.E. 20th Ave.
Bellevue, WA 98007

{206) 746-0651

The Retail Computer Store
410 N.E. 72nd

Seattle, WA 98115

(206) 524-4101

WISCONSIN

Madison Computer Store
1910 Monroe St.
Madison, Wi 53711

{608) 255-5552

The Milwaukee
Computer Store
6916 W. North Ave.
Milwaukee, WI 53213
(414) 259-9140

CANADA

Trintronics

160 Elgin St.

Place Bell Canada
Ottawa. Ontario K2P 2C4
(613) 236-7767

First Canadian

Computer Store Ltd.

44 Eglinton Ave. West
Toronto, Ontario M4R 1A1
(416) 482-8080

The Computer Place

186 Queen St. West
Toronto, Ontario M5V 1Z1
(416) 598-0262

Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V5R 2J4
{604) 438-3282
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Robert Grappel
148 Wood St
Lexington MA 02173

One of the earliest products ol LSI tech-
nology  that tiltered down Lo 1he hobbyist
was the “clock chip.” This little “heauty”
divided the 60 Hy line signal down to
seconds, minutes and houys. . .and displayed
the results on 7 segment LLD or other dis-
plays. Todav these “clocks” come in a
great varicty of types, sizes and tunctions.
Thev come tiny for watches. Some have
extra timers and alarm capabilities. They are
inexpensive, and require little in the way
of external circuitry. For tong term timing
applicdations, they torm an ideal solution for
computer experimenters.

For manv persondl computer applica-
tions, it would be useful for the computer
to have a4 knowledge ot the time. The com-
puler can certainly count interrupts from
a crystal time standard, but why not use
external hardware optimized for the time-
keeping function, ie: a “clock chip?” This
article describes an approach to such a
linking of computer and clock. The clock
I used had a Nationdl Semiconductor
MM3314, but other clock chips using multi-
plexed 7 segment displays will also work.
The circuit dttaches to the display lines,
does not disable the clock functions or the
display, and is easily added inside the clock’s
case. It simply lets the computer read the
clock digits (with the appropriate software)
at the same time that the ordinary electronic
display is produced.

The hardware  interface is shown in
figure 1. It consists of three integrated
circuits at a total cost ot less than 35, Two
CD4010 bufters are used to convert the
MOS voltage levels of the cdock to TTL
tevels. These buffers are CMOS, so they
form almost no load on the clock circuits,
The pins labelled Vpp dare tied to the
clock supply. The pins labelled Ve are
tied to the computer TTL power supply
of 5 V. The common ground line for clock
and interface and compuler is Vigg. The only
criteria assumed here are that Vgg GND-
VCCiW‘S V <z VDD.

The clock uses a multiplexed 7 segment

display tormat. This means that cach digit is
formed from seven data bits, and the digits
are sequenced one at g time. The lower
butier works on the scgment signals. Al-
though seven bits are used for the display,
onfv tive are needed  to uniquely decode
digits, This circuit sends the a, b, e, fand ¢
signals to the computer, These five bits are
used in g software table fookup to convert to
the digit code. The butier 1C2 handles the
digit signals. The six digits are scanned right
to feit, trom scconds digit to tens of houars
digit. These sin signals are converted to a
3 bit binary number by o 74117 priority
encoder. Since both the clock and the
74147 utilize inverted  logic,  the  con-
nections  have been manipulated to pro-
vide a normal logic output. (Seconds
digit is 1, tens ol seconds is 2, etc). Thus
each digit is converted to eight data bits:
three which describe its place in the display
and five when uniquely map to its value.

The subroutine of listing 1 illustrates how
to read the clock interface. 1t is written for
a Motorola 6800, but should be readily
convertible to other processors. The location
CLKIO is the interface input (which is
assumed to be previously initialized it itisa
PIA data location). The subroutine reads
the digits trom right to left and stores the
ASCII code for each digit in a 6 byte stor-
age area. This area is pointed to by the X
register contents when  the subroutine s
called.

The code between WAITD and CLK2
continuously samples the interface waiting
for the low order 3 bit digit code pointed
to by the B register. When data for that
digit s presented, its segment data s
separated from the mput value and those
tive bits (shifted right three positions) are
used in a table lookup in SEGTAB. This
returns the ASCHI digit. If no digit carres-
ponds 1o the bit pattern (hardware error),
the letter £ is returned. This ASCIL char-
acler s stored in the storage areda. The
routine loops through all 6 digit locations
and then returns,

Figure 1: Schemutic of the clock interface, and a partial schematic of the clock chip and display circuitry. The interface circuitry
is intended to convert the signals from an existing electronic clock using MOS integrated circuits and LI2D displays (left) into
TTL compatible levels usable by the microprocessor port at right. Some analysis of the particulur clock used is required to attach
the interface wires to the appropriate digit and segment output lines. Since the CMOS DC-#010 level shiftting buffers employed
have high impedance inputs, the loading of the clock chip'’s output fines will not affect operation of the clock itself when the

computer is attached.
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Figure 1: A simple circuit which processes a 6.3 VAC reference signal derived from the power companies’ 60 Hz grid to produce
a digital logic fevel square wave at 15 Hz which can drive an interrupt fine of a typical processor. The disable switch is optionu!
and can be left out if the interrupt handlers are permanently loaded in ROM; otherwise, interrupts must he manually disabled
while the systems software is bootstrapped into volatile memory.
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Whenever a computer is interacting with
the real world, ecither through sensors or
actuatars, a real time clock can bhe valuable.
Using a real time clock, the computer can
run programs at specified times or intervals,
or the computer may record the times at
which events are sensed.

There are two basic types of real time
clocks wused in computing systems: the
external (hardware) clock and the inter-
nal (software) clock. An external clock uses
hardware to keep track of time, and periodi-
cally or on command transmits the time to
the computer. [Robert Grappel's article on
page 68 of this issue shows one approach
to such aclock .. .CH} An internal saftware
clock has hardware which interrupts the
computer at regular intervals, and software
which keeps track of time by incrementing
a register whenever the compuler receives a
timing interrupt.

The hardware clock imposes a small soft-
ware burden on the computer, and being
separate from the computer, it need not be
reset whenever the computer is shut oll. The
software clock imposes a larger software
burden on the computer, and the clock must

be initialized if the computer has been com-
pletely halted or had its power shut off. In
applications where the computer operates
continuously, the advantages of the software
clock due to hardware simplicity outweigh
its disadvantages due to increased software
burden, and the software clack is the logical
choice for a real time clock.

There are two Key considerations invol-
ved in selecting the interrupt rate for the
software clock. First, where the interrupt
clock is derived by dividing a higher fre-
quency clock, such as o 1 MH/ compuier
clock, hardware simplicity favors as high an
interrupt rate as possible, but the computa-
tional overhead of interrupt response in-
creases with increasing interrupt rate.
Second, a low interrupt rate produces a4 low
computational burden but decreases time-
keeping 1esolution and programming flexi-
bility. Since my system requires no routines
to be performed more often than 15 times
per second, | decided that a 15 Hz interrupt
derived by dividing the 60 Hz power line
frequency by 4 would be an adequate inter-
rupt rate. This gives 4 minimum event to
event resolution of 67 ms.



Listing 1: Interrupt handler. This routine contains the overhead needed to field an NMi inter-
rpt on uw 6502 processor, save the state of the processor, call an interrupt processing sub-
routine, restore the state of the processor, and return from the interrupt event. If the jump at
location 206 is replaced by NOP operations, this program will spin its wheels 15 times a second,
doing nothing in response to the 15 Hz signal produced by the circuit of figure 1. With the
exception of the [SR at location 206, this routine is independent of the focation in memory of
the software discussed in this article.

Hexadecimal Hexadecimal

Address Code Op Commantary

0200 48 PHA Push accumulator onto stack

0201 8A TXA Transfer X register to accumulator
0202 48 PHA Push X register onto stack

0203 a8 TYA Transfer ¥ register to accumulator
0204 48 PHA Push ¥ register onto stack

0206 20 00 QO JSR Calil CLLOCK

0209 68 PLA Pull ¥ register from stack

D20A A8 TAY Transfer accumulator to Y register
020B 68 PLA Pull X register from stack

020C AA TAX Transfer accumulator to X register
0200 68 PLA Pull accumutator from stack

O20E 40 RTI Return from interrupt

FFFA 00 02 Interrupt address vector

The circuit in figure | produces the
15 Hy interrupts. The 60 Hr signal is taken
from the secondary of 4 6.3 V tilament type
transformer, (The term is a hangover from
vacuum tube days when many tubes had
6.3 V tilaments somewhat like incandescent
light bulbs). The input 10 ICIA, a CMOS
bufter, is clamped between 5V oand ground
by diodes DI and D2, which can be any
silicon small signal diodes at hand. Resistor
R2 provides positive feedback to produce
about a hall a volt ol hysteresis in the
switching of the butfer. This hysteresis
reduces false interrupts due to line voltage
fluctuations and transients. The two D type
flip flops in 1C2 are used as cascaded divide-
by-lwo circuits. The 15 Hz output trom 1C2
is buffered to drive TTL loads by ICIB. To
preventl runaway power consumption and
the resulting chip destruction, the unused
inputs of the CMOS integrated circuits are
grounded.,

The nonmaskable interrupt of the 6502
is edge triggered; that is, the processor re-
ceives an interrupt whenever the voltage on
the nonmaskable interrupt line goes from
high (2.4 V) 1o low (2.4 V). The non-
maskable interrupt line can then stay low
without  generating  another  interrupt.
When the processor receives a nonmaskable
interrupt it jumps to the memory address
stored at FEFA and | FFB, and pushes the
address {from which it was interrupted and

the processor status onto the stack so that
it can return to the preinterrupl computa-
tion as soon as it has processed the interrupt.
A switch is shown between the 15 Hr inter-
rupl and the NMI line so that interrupts
can be disabled after power is applied until
the interrerupt handler for NMI has been
loaded in volatile memory. If the interrupt
handler is in read only memory, this switch
can be omitled.

The contents of the accumulator and the
X and Y registers should be saved by soft-
ware when the interrupt is reccived and con-
trol switches to the interrupt handler pro-
gram. This is done by pushing them onto
the stack using appropriate instructions.
Once the preinterrupt state has been sately
preserved, the processing done as a result of
the interrupt is performed. After the inter-
rupt  program has been completed, the
preinterrupt contents of the Y and X re-
gisters and the accumulator are restored by
pulling them off the stack. The processor
then pulls the preinterrupt processor status
and program address from the stack and
returns 1o the previous computation. Listing
1 is a sample interrupt handler.

Listing 2 is a 24 hour clock generated in
software by accumulating 15 Hez interrupts.
This rogram contains only relative jumps
and so is easily refocatable, either in volatile
memory, EROM or PROM.

The operation of the program real time
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Listing 2: Time of day clock. If the jump at line 206 in the interrupt handler of listing I refer-
ences the CLOQCK routine, locations C4 to C7 in memory uddress space are continously upduted
with hours, minutes, seconds and 1715 seconds respectively as the 15 Hz interrupts invoke its
action. The 6502 code of this routine has been constructed to use relative branches only, so
that it can be relocated anywhere in memory address space at the convenience of its user
without modification of the obfect code.

CLOCK {(Real Time Clock)

Hexadecimal Hexadecimal

Address Code Label
0000 F8 CLOCK
0001 18

0002 A5 C7

0004 69 01

0006 85 C7

0008 38

0009 E9 15

0008 00 2C

000D 85 C7

000F A5 C6

0011 18

0012 68 O

0014 85 CB

0016 38

0017 E9 60

0019 DO 1E

0018 85 C6

001D A5 C5

001F 18

0020 69 01

0022 86 (5

0024 38

0025 E9 60

0027 0D 1¢

0029 85 Cb

0028 AL C4

002D 18

002E 69 01

0030 85 C4

0032 38

0033 E9 24

0035 DO 02

0037 85 C4

0039 o8 END
003A 60

00oc4a HOURS
00C5 MIN
00C6 SEC
00C7 FSEC

CLOCK is straightforward. Time is stored in
BCD in the first page of memory: hours in
00C+, minutes in 00CS, seconds in 00C6,
and /15 seconds in 00C7. When an inter-
rupt is received and the preinterrupt state
saved, the interrupt handier will call the real
time CLOCK at 0000 {location 0206 in
listing 1). The sccond’s lraction is incre-
mented and compared to 15, 1fitis less than
15 the processor will jump to the end of the
clock program for return, but if it equals 15
the sccond’s fraction is reset 1o zero and the
seconds are incremented. Seconds, minutes
and hours are handled similarly, counting
modulo 60, 60 and 24 respectively. At the
end of the program the processor returns Lo
the interrupt handler. The clock can be set
simply by loading the desired time intu the
time memory lucations.

Op Operand Commentary

SED Set decimal mode
cLC Clear carry

LDA FSEC Load seconds fraction
ADC 1 Incr secands fraction
STA FSEC Store seconds [raction
SEC Set carry

58C 15 Subtract 15

BNE END 1f not 15, 9o to end
STA FSEC Reset seconds fraction
LOA SEC Load seconds

CcLC Clear carry

ADC 1 Incr seconds

STA SEC Store secands

SEC Set carry

SBC 60 Subtract 60

BNE END If not 60, go to end
STA SEC Reset seconds

LDA MIN Load minutes

CLC Clear carry

ADC 1 Incr minutes

STA MIN Store minutes

SEC Set carry

SBC 60 Subtract 60

BNE END If not 80, go to end
5TA MIN Reset minutes

LDA HOURS Load hours

CLC Clear carry

ADC 1 Increment hours
STA HOURS Store hours

SEC Set carry

58C 24 Subtract 24

BENE END It not 24, go to end
STA HOURS Reset hours

CLD Clear decirnal mode
RTS Return

Storage for hours
Storage for minutes
Storage for seconds
Storage for seconds/15

By comparing desired program times with
the time of the real time CLOCK program,
the processor may perform programs at any
desired interval, up to one day, which is
expressable as 4 multiple ot 1/15 second.
As an example, a program to be performed
once per second would be excecuted only
at those times when CLOCK has counted
the second's fraction equdl to zero.

It is important that the real time CLOCK
should not impose an unreasonable compu-
tational burden on the computer. Using 4
15 Hez interrupt and the program shown
here, this criterion is satisfied. When run in
a computer using a 6502 processor with a
I MH/ clock, the interrupt service requires
about 1100 us per second. This 0.1% cannot
be called an excessive burden on the
computer.m






Floating Point Arithmetic

SGN 7 BI° 4B - man a4
BiT  EXPONENT

Figure |: The American Nutional Stundurds tnstitite (ANSEH floating point
format for FORTRAN. 1t consists of a 3+ hit mwettissg, a7 Bt exponent and
a sign bit.

Many computer hobbyisls are hirding
& it inteper arthmetic inadeguste for g
variety of mahematical applicatons, 16 and
event 32 bit dised point calculations are being
used with incredsing freguency beddause ol
ther  erealer aceuracy. However,  these
technigques dare still inhierently indeguate
tor calculations perlarmed oot a0 wide
range of numbers,

Using o 16 bit integer Tormat, osly num-
bers trom 1 10 65,535 can be epresented,
Larper of smaller numuoers can be reprosented
vy moving the implich radis point, hat the
range of discrete values stillremains constant.
The tractionsl part of the gquotient in o
division of one Large numiber by anothen
could be lost

It one could dynamically shide ghe radi
point, the number range would be drama-
tealhy  increased. Usme the same tormat,
very smuall tractions and svery Larae integers
can be repoesented as thaating point numbers,
This is made passible by Keeping track ot the
radix pomt's postton separatoiv with an
eaponent.

Floating Point Formats

There dre many wiass toorepiesent Hoat
e pomt nwmbers, but there e only
three baste Tormats, the athiers wre varations,
F'wo ot these {the duntinant ones in the
traditional computer industey ) use different
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hipvany representations. The third tormat, the
one with the most sariations, uses a binary
coded decimal (BCDY reprosentation, and is
wodely used in the electronic caleulator and
home computer industiy,

The tist tormat, shown in figure 1, is
used mo American National Standards Insti-
tute (ANSH FORTRAN. 1t consists of a
24 bt mantissg, « 7 bt exponent and da sign
b

The mantissa represents 2 fraction with
the radix poimt assumed to be to the Teft of
the most signiticant digit, The exponent is in
excess-feb notation, which s a7 bt two's
complement notation with  the sign bit
verted, ogr ¢ sero exponent (16U} s
100 D000, the minimum exponent (16 6}
s OO 0000, and the maximum exponent
(16 6300 111 1111, The algebraic sien bit
ot the value s associaied with the mantissa,
and the exponent’s sign is inherent in il
tormals o one stgn bit indicates the numhber
v oneeative, and o zero sign bit mdicates o
pasitive number.

This is the data storage tormat of floating
point numbers. AW such data s assumed to
be normalized (e the most significant digit
i the mantissd is pongzero undess the number
itselt s zero, i which case all 32 bits aie
sero). Before o calculation, the numbers ae
assumed normalized; atter o valealation they
are nommalized nthe flodting point accumu-
Lator belore bemg stored.

Ihe rctual calculations take place in the
Hoating pomnt accamulator and other tloating
point registers. These registers can be o the
ardwaoe or in memory (software), Hard-
ware Hoating pomt reeisterns {expensive, but
much taster than softward) are used by
dArge caomputess and many minicomputers,
whereas most senall computers implement
Hodting point i sottware o heep costs

down.



With the ANSI format a4 “guard byte” is
used in the tloating point registers to main-
tain accuracy in performing the calculations.
The guard byte {sec figure 2) is an 8 bil ¢x-
tension 1o the least signiticant end of the
24 bit mantissa, tempotarily creating a 32
bit mantissa during calculations. By keeping
tack of 32 bits of accuracy throughout the
aperation, significance will not be lost when
storing numbers because the 32 bits can be
rounded off to 24 bits, It 4 guard byte is
nol wsed, no rounding oft s possible, and
the ctival would be the same as truncation
{which can result in loss of accuracy very
quickly, as will be shown later). )

Numbas  bom 1.000 X 16 65 1o
LETEFL X 16%62 can be represented by
this format, resulting in an approximate
range of trom 10 79 1o 10476 with an
accuracy of six or seven decimal digits.
Fable 1 lists several decimal numbers along
with their hexadecimal ANS!T FORTRAN
Tormat equivalents,

lhe next tormat, shown in figure 3, is
also a binary format and is implemented by
Digital Cquipment Corpordtion (DEC) and
Hewlett-Packard in their BASIC interpreters.,
1 consists of & 23 bit mantissa plus a "hidden
bil,” an 8 bit exponent and 4 sign bit.

[his format assumes that the number s
Adways normalized. Therefore, the most
significant bit (MSB) of the mantissa is
always one unless the entire number is zero.
Il the number is sero, (indicated by the
specidl case of 4 O exponent) then the
hidden bit is alsa sero. The sign bit is sero
lor 4 positive number and one for negative.
Because Al nonzero numbers have an MSB
ot nne, it need not be explicitly represented
- the lormat; hence only 23 bits in the
Mntissd,

The exponent represents d4 power of two
in excess-128 notation, which is similar to
exeess-6: notation. The largest exponent,
24127 4 represented by the largest number,
LEET DT, and  the smallest exponent,
2 137, by the smallest nonzero number,
DUV 00T, An exponent of zero (20) s
represented by 1000 000, while the number
sero is 1eserved toindicate a zero mantissa.,

Asin the case of the first binary tormat,
&oguard byte muoust be used during calcula-
Uons so o that round off s possible before
returming from the tloating point accumuld-
tor for storage in memory. In this format it
is abyo necessary to explicitly represent the
hidden bhit during calculations, This s ac-
complished by expanding the 4 bvie tormat

R —

SIGN 7 BIT
BIT EXPONEMNT

24 BIT MANT $5A

GUARD 8BYTE

Figure 2: The ANSI FORTRAN floating point format showing the focation

»

of the “guard byvie,

The guard byte is an extra field which holds portions

of intermediute calculations so that the final calculated value can be rounded

off rather thun truncaled prior to further use.

.
S GN 8 BIT 25 BIT MANTIS5A

=R EXPONENT

Figure 3: A binary Hoating point format used by Digital Equipment Corpora-
tion und Hewleti-Puckard in their BASIC interpreters. 1t consists of a 23 bit
mantissa with u “hidden” bit, un 8 bit exponent and a sign bit. The format
assumes that the number to be represented is ulways normalized: the most
signiffcant it of the number is always understood to be | unless the entire
numiber is equal to 0. This assumed 17 bit is the so-called “hidden' bit.

Hexadecimal Floating Point
Number {Hexadecimal Digits)

Decimal Number

1.00 41 100000
6.00 41 800000
—-1.00 c1 100000
050 40 800000
—0.50 CO 800000
100 42 40000
276 (= 65 536) 45 100000
2-16 3D 100000
—2-32 B9 100000
0 00 000000
1665 00 100000
16162 7F 100000

Binary Floating Point Number

Decimat Numbaer {Hexadecimal Digits)

1.00 40 800000
6.00 41 C00000
~1.00 CO 800000
0.50 40 000000
~0.50 CO 000000
100 43 C80000
216-65,536 48 800000
2 16 38 800000
-2-32 BO 800000
0 00 000000
2-128 00 800000
2+126 7F 800000

Table 1. Several decimal
numbers along with their
ANSI FORTRAN floating
point hexadecimal format
equivalents (see figures |
and 2).

Table 2: Examples of
decimal numbers and their
equivalents as encoded in
the binury floating point
tormat  used in several
BASIC interpreters  (see
tiqure 3).
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Table 3: Several decimal
numbers dlong with their
equivalent  Houting point
representations as encoded
in BCOD hexadecimal digits.
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ligure ¢,
A2 bt (8 digit) mantissa.

into sty bytes: ane byte lor the sign, one
byvie tar the exponent, and four bvies Tor
the mantissa fincluding the guard bytel, s
A result there iy g fair amount of processing
necessdry Lo load  and stare the loating
point registel s, )

This format Buas g range of from 2% 126,
228y from approximately 107 38 6
1038 with o 7 dedimal digit aceuracy
(several examples are represented in table 2).

There are numerous BCD tloating point
formats currently inoowse, Muantissas range
from as tewe oy foue dfigits ooas many a
16 digits o accuracy, and exponents van
Bpcddh range trom 10TYY G 1o 99 o
even 10123706 100 127 The st popular
tarmiat {see tigure 4 has an 8 digit mantissg
{(tour bytes ot 1two digits per bytle) with the
decimal point assumed to e to the Teit ot
the most signiiicant Jdigit.

The muantissa sign is typically represented
by a0 whole byite: OU for positive and U1 1 tor
negative, A variely of Tormats use vne byvte
Lo represent the exponeil,

One of the more frequently used Tormats
is binary in the form ol exeess- 128 notation,
Fhe exponent format itselt is identical to the

8CO Representation

Decimal Number {Hexadecimal Digits)

100 UO Bl 10000000
6.00 N0 81 GOCVCVOO
100 FF 81 10000000
050 Q0 80 50000000
0 50 FF 80 50000000
100 00 83 10000000
216 65 536 00 85 65536000
2 16 00 7C 15258789
2 32 FF 77 23283064
o] 00 0D 00000000
10126 00 FF 10000000
jo 128 DO 01 10000000

R2 BT OMANT L5A
.

[ VI

V BC0 Hoating point tormad comnsisting of an S bit sign, an 8 bit exponent und a

Digital Equipment Corporation Tormat dis-
cussed carlier, but represents o« powet ol ten
instead ot 4 power ot two. Thus, an expon-
ent of 84 base 16, using DEC'S formuat,
significs two  to the fourth power, and
using the BCD format, ten to the fourth,
The exponent represents the same power
in both cases, but of different bases.

Light digits are packed into four bytes
i what is known as packed BCD {tour bits
represent one BCD digit),

The samie format s usually used Tor both
storage of date and actual cdeulations, This
medans neither a guard by te nor tound ol is
used. The need tor o guard byvie is circum-
vented by using more signiticant digits than
areactually  necessary, ey cdleulating to
cight digits tor 6 digit results, or calculating
to nine digits tor 8§ digit results, This wl
course makes Q0 necessary Lo use maore
muemory per nember tor stordue.

Seme examples of numbers in this format
s tound in table 3,

Format Pros and Cons

Each of these basic tHoating point tormats
fas ity own patticular advantages and dis-
dadvantages. Whi b format is best is dependent
upon  the reguirements of the particula
application: speed,  small memony s,
vartable mantissa length, case ot coding in g
given computer architecture, vase of inter-
facing to other software routines, ele.

The BOD tonmat with ats variavons is by
tar the most popular in the petsonal com-
puting  field, probaihy because U is the
casiest  to program. The relative case in
comverting from an ASCHL representation
of 4 number o the BCD format and back
v ke Bactor, as is the ease with which the

Continued an page 180
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Mnemonic

WIO N

ADDN
STN N
JGEN

Object Code

G0nnnnnn

Qlnnnnnn
10nnnnnn

1innnnnn

QOperation Performed

Wait for input to location N,
Display current contents of Lovation N while
waiting.

Add data in location N to aceumulator,
Stare negative of accumulator i lacation M.

Jump to location N f accumolatar s greater
than or equal 1o 2ero.

Table 1: The instruction set for the computer. Nis any 6 bit integer. The bits
af N are denoted by nnnnnn.

82

BY 1L Navemsher P77

Al the same time it alsa describes a very
simple computer, one that can be built by o
student as a science project, by a teacher for
a laboratory demonstration, or by a4 novice
hacker who just wants to learn about com-
puters without a large investment.

The Instruction Set

The most important  task  facing the
computer  designer  is  choosing  the
instruction set. In the case uof this com-
puter, every effort was made to choose the
simplest  possible instruction set. There-
fore, multiple word instruclions, stacks,
register files, interrupts and claborate 10
facilities were not permitted. An 8 bit word
length was chosen because it is the smallest
size that can be reasonably expected to use
one word per instruction. This constrained
me to Jan instruction set of four op codes
and a direcUy addressed memory space of 64
bytes. The instruction setl is summarized in
table 1.

The ADD instruction is included for
obvious reasons. The STN instruction was
chosen o store the negative value of the
accumuldtor's contents so that both sub-
traction and addition could be done. {In
particular, by executing STN N and ADD N
in  sequence, the accumulator can  be
cleared.)

The JGE instruction is an all purpose Lest
or branch instruction. By  clearing  the
accumulator betore executing o JGE, an
unconditional branch results. Alternatively,
by placing a number in the accumulator,
the JGE tests whether the number is positive
or negative,

The WIO instruction provides the only
means for loading and examining memory,
There are no front panel switches for this
function, so everyvthing must be done under
the control of a suitable program {including
the loading of that program itself). There-
fore, the WIO instruction requires special
attention. When executed, WIO N brings
the computer to 4 halt with the contents
of tocation N displayed in the LED display.
At this point, the user will enter data into a

switch register. When the continue button
is pressed, the data will be written into
memory  location N, thus destroying the
data just displayed. In effect, the instruc-
tion combines the wait, input and output
instructions of the conventional computer.
A particularly useful application ol this
instruction occurs when the instruction at
location N s a WIO N+ instruction. At
that point the data entered by the user
becomes the next  instruction s be
executed!

The most important program for this
computer is the bootstrap program. Other
programs dre left to the reader to devise.
The bootstrap program, which provides the
simplest practical way to load data into the
computer, is loaded as follows. When the
reset button is pressed, the computer will
wait to accept data into locdation 0. The
data will be stored, then exccuted when the
continue button is pressed. Needless to say,
the data loaded must be chosen carefully if
the user is to be able to keep control of the
computer. The data that permits this is the
WIO 1 instruction. When this instruction is
loaded into location O and executed, the
computer will halt, ready to accept data into
location 1. When the continue button s
again pressed, the new data is stored. |he
computer resumes e¢xecution with the next
instruction in memory, namely, the in-
struction just entered into location 1. Again,
that instruction must be carefully chosen:
a WIO 2 is a good choice. The computer
will again halt, at which time a |GE 0 should
be entered. After JGE 0 is loaded into
location 2 and executed, we will have com-
pleted entering the bootstrap program. The
JGE O will unconditionally jump to the starl
of the bootstrap program (location 0}
because the accumulator is cleared at restart
time.

To use the bootstrap program, enter pairs
of bytes as follows: a 6 bit address followed
by eight bits of data to be placed at that
address. For example, if, in response to the
first two halts in the bootstrap program, we
enter an octal 003 followed by an octal 010,
then the value 10 will be placed in location
3. In this case, the bootstrap program
returns to location zero, where it is ready to
accept another pair of bytes. Once a
program is loaded, we can execute it by
entering the appropriate JGE instruction in
response to the next halt instecad of the
address data pairs.

Hardware for the Computational Unit

The computer is shown in block diagram
form in figure 1. The control unit, to be
discussed later, interprets the instruction
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required to achicve the effect. For example,
AC-CLR-L iy o signal that, when brought
low, dledars the accumulator. Conversely,
when  PC-INCR-H s brought  high,  the
program counter is incremented. The eight
bus fines are named BUSO thru BUS7 (in
order of arithmetic significance}). The master
clock s named MCLK; ity complement is
called CCLK.

The memory and memory addiess register
are shown in tigure 20 1 chose to base my
system around the 7189 64 bit memony
integrated circuit largely because | happened
to have them. i a redesign, a 2101 -based
memory might be a slightly better choice,
but the present design does have the advan-
tage of showing how multiple chip memories
are controlled. Bach 748Y contains sixteen
4 bit registers; cight 7489 are required tor a
64 byte memory. Data is addiessed by 4 6
bit memory address register (4 74174).

The memory address register is loaded
with data on the bus by MAR-CLK. Alter-
natively, it can be cleared by MAR-CLR-L
(eg: when the reset button is pressed). The
two high bits of the memory address register
are decoded together with MEM-ENABL-L
by a 74155 decoder. [t MEM-ENABL-L is
low, the high two bits select one of four
pairs of 7489+, and the low four bits select
one ot the 16 registers in the selected pair.
(1 MEM-ENABL-L is high, the memory is
disabled.) In this way, 4 byte of memory is
addressed. Now, if WRITE-MEM-1 is low,

that byte will be written using data from the
bus. But when WRITE-MEM-L is high, the
complement of the data at the addressed
byte will be placed on the bus. The tact that
the 7489 complements data stored in it is
used to advantage by the STN instruction, as
we will see later,

The accumulator (AC), arithmetic logic
unit, and arithmetic logic unit butfer are
shown in figure 3. The accumulator is con-
structed trom g pair of 74175 integrated
circuits. It is deared by AC-CLR-L {eg: at
restart time), and it is loaded by AC-CLK.
The sign bit of the accumulator is sent {as
AC-GE-L) to the contiol hardware, where it
is used for the JGE instruction. The arith-
metic logic unit, in the form of 4 pair of
74181s, s used in two  ways. When
exccuting an ADD instruction, ALU-ADD-L
will be brought low, so that the arithmetic
logic unit computes AC plus memory. This
sum is then latched into the arithmetic logic
unit buffer (a4 pair of 74173s). Once memory
s no longer using the bus, BUS-BUE -L can
be brought low 1o place the sum on the bus.
The sum can then be latched back into the
dccumulator to complete the add cycle.
Alternatively, to exccute the STN instruc-
tion, ALU-ADD-L. will be brought high. Now
the 74181 will compute  “accumulator
minus one,” which is latched into the bufter
and eventually written into memory. The

4 complementing memory
appreciated, since in two’s

convenience  of

Can now  be
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Figure 3: The uccumu-

complement arithmetic the complement of
AC- 1 s AC. (With a 2101 -based memory,
the inversion would have to be done with
exlia hardware.)

The last part of the computational unit,
shown in tigure 4, consists of & program
wounter, LED display, and switch register.
fhe  program  counter  consists ot two
74LS5161 counters and  two  three state
bulters, {(The 74161 is not an acceplable
substitute tor the 74LS161 because  of
ditferences in the way their clocks behave,
a4 fact | learned the hard way. The program
counter iy cleared by PC-CLR-L. It can be
loaded ({incremented) on the next clock
transition after PC-LOAD-L (PC-INCR-H)
becomes low  (high). The output of the
program counter is enabled onto the bus by
PC-BUS-L..

The LLEDs are driven by  ordinaty
inverters. The inverters insure that the LEDs
are lighted tor the high bus lines rather than
the low ones. The switch register (o DIP
switch) is wired so that 4 Jdosed switeh
drives the associated bus line Tow. This is
because the memory complements data. The
switch outputs are enabled onto the bus by a
pait of 74125 three state buffers under the
contrul ot BUS-SWI-L.

HJJ BU.> BUS HU"‘

Hardware for the Control Unit

The control unit, shown in figure 5, is
respunsible for providing the various signals
in the proper sequence to drive the com-
putational unit. To simplify the design, u
microprogrammed architecture was chosen.
In this design, the control logic is held in a
pair of 74288 programmable read only
memories in the form of 4 12 word (16 bits
per word) microprogram. When one or
another word is selected from the program-
mdble read only memory, the individual bits
of the selected word are delivered more or
less directly o the computational unit as
individual  signals.  For  example, the
PC-INCR-H bit of the microprogram directly
drives the PC-INCR-H line to the program
counter. Similarly, the BUF-LOAD-L bit
directly drives the BUF-LOAD-L line to the
arithmetic logic unit butfer.

Several other  lines  can  be  readily
identified that are directly driven by the pro-
grammable read only memory. From this it
is clear that the problem of designing o
control unit seduces 1o deciding  which

lutor, urithmetic logic unit
and arithmelic logic unit
butter. The accumulator
is  mude up of  lwo
74175 quad D flip flops,
while the arithmetic logic
unit consists of two 74181
arithmetic — units. lwo
74173 integrated cCircuits
tortm the arithmetic flogic
unit butter.
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Figure -#: Program counter circuntry.,
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signals are to be high or fow at what time, decoded by a 74155 decoder to select one of
programming  a  programmable  read only four possible sources of data for the bus,
memoty to contain this information, and namely, the switch  register,  program
devising a way o select the proper word counter, ALU-BUFFER and memory. These
trom the programmable read unly memory are selected by BUSDATI, BUSDATO values
41 the proper time su that the appropriate of (L, L), (L, H), (H, L} and (H, H), respec-
signdls can be generated. tively. This arrangement saves bits in the
Occasionallv, microprogram bits do nut microprogram as well as insuring that only
drive signal lines directly  but must first vne device can put data on the bus at any
undergo some transfurmation. For example, one time. Note that the open collector
in figure 3 we see that the AC-LOAD-L bit memory used is logically connected to the
of the microprogram is gated with CCLK to bus by enabling an appropriate memory
create the clock that loads the accumulator. chip. (The memory chips must also be

(It would not be permissible to drive the
accumulator  directly  frum AC-LOAD-L,
because the signal has o be delayed by g
halt clock cycle) Similarly, MAR-CLK is
derived by gating MAR-LOAD-L together
with CCLK, and PC-LOAD-L is credted by
gating together AC-TEST-L and AC-GE-L,
so that the program counter is lodded only
when the microprogram allows it and the
accumulater is nol negdtive,

The BUSDATO and BUSDATI lines arc
anuther case in which o transtomation is

tequired, In this case the two lines are

enabled before writing memory.)

In order for the microprogram to deliver
its control signals to the computational unit
in the appropriate order, some means musi
be provided for sequencing thru the words in
the programmable read only memory. In this
computer, we have allocated six bits {(BASEQ
thru BASE4, and OP)JMP-H) tu accomplish
this. Tirst, assume that OPJMP-H iv low.
"BASE"” then determines a microprogram
address {the base address) which is fed for-
ward directly to the 74174 microprogram
address register. When CCLK goes high, the
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ligure 5: The microprogrammed control unit of this computer,
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SOFTWARE = TSC

TEXT EDITING SYSTEM: This 6800 editor is
unlike any other micro editor As well as the usual
features, it also includes: content oriented commands.
local and global cormmands. block move and copy.
append and overlay features, as well as very com-
prehensive sting manipulators. 5K

SL.68-24 MANUAL & SOURCE LISTING $23.50
CT68-7 OPTIONAL CASSETTE $6.95
PT686 OPTIONAL PAPER TAPE $8.00

TEXT PROCESSING SYSTEM: A great
companion to the TSC editor. The processor will
allow convenient paragraphing. nght hand justifica-
tion. paging, titling, and general text formating. 4K

SL68-29 MANUAL & SOURCE LISTING $32.00
CT68-9 OPTIONAL CASSETTE $6.95

TSC 6800 ARITHMETIC ROUTINES
SOAP: A very fast. 4 byte binary. loating point package. Includes

integer and conversion routines as well.

SL68-25

digits of precision.
SL68-4

SCIENTIFIC FUNCTIONS: Requires SL684 and provides all
scientific functions including SIN, TAN. LOG, LN, HYPSIN, and others.

5L68-20

DIAGNOSTICS FOR 6800:

No system is complete without a set of
chiagnostic programs. Includes 5 memory
lests. serial |/O tests, parallel 1/ O tests. plus

others.
SL68-23 SOURCE LISTING $10.00

MICRO BASIC PLUS: The best
small BASIC available for 6800 Injust 3'«
K. a complete interpreter including GOSUB,

TSC MNEMONIC ASSEMBLER: Another 6800 resident assem-
bler? Yes! But this one is many times faster than others due to a very
efficient symbol handler. All the standard motorola options included as well
as psuedo ops. It is very modular making it quite easy to adapt to most
systermns. 5K

SL68-26 MANUAL & SOURCE LISTING $23.50
CT68-8 OPTIONAL CASSETTE $6.95
PT68-9 OPTIONAL PAPER TAPE $8.00

DISASSEMBLER FOR 6800: Now one that is reasonably priced
and includes the source listing!

SL68-27 MANUAL & SOURCE LISTING $9.00
PT68-7 OPTIONAL PAPER TAPE $4.00

SPACE VOYAGE: A fuli blown
Star Trek program written in 8080 and
6800 assembler language. Runs
much faster than similar BASIC ver-
sions and requires about 1/5 of the
memory! Each game is different as
you try to save the federation using
your phasers, photon torpedoes. and

£10.00 shields. Searching cut the menacing
FLOATING POINT PACKAGE: A BCD math package with 9

Klingons is accomplished using the
short and long range scanners as well
$6.50 as moving about by firing the warp
engines. Beware of sudden attacks.
space storms, supemovas, and other
unexpected events. This game is very

$10.00 addicting! 4K
SL685 6800 SOURCE
LISTING $12.00
CT68-1 OPTIONAL
CASSETTE $6.95
SL809 8080 SOURCE
LISTING $12.00
PT80-1 OPTIONAL PAPER
TAPE $7.00

IF THEN, FOR NEXT. DiM, ON GOTO and
GOSUB, READ DATA. plus the functions
RND, SPC. TAB. EXP. and ABS. Five full
digit integer math 1s supported

S1.68-19 MANUAL & SOURCE

LISTING $15.95
CT685 OPTIONAL

CASSETTE $6.95
PT685 OPTIONAL PAPER

TAPE $6.00

ALL SOFTWARE CONTAINS:

6800 MULTIUSER SYSTEM!

Now you can have 4 simultaneous users. all running BASIC, and in:
dependently! Give your micro the power of a large mainframe Applica
tions include: a great educational tocl. smali business applications such as
multi station inventory systern. industrial computer power expanding the
personal computer systemn.. . .etc. The system is presently available only
for the SWTPC 6800 computer system and will support cassettes, floppy
discs, and a pnnter. For complete detatls of the multi-user systemn, write for
our 4 page brochure.

MUB-68 $129.95

Complete commentad source listing. users manual with

complete instructions. printed hex dump. sorted symbol table, and sample output
PROGRAM-OF-THE-MONTH CLUB.™ $2.00 for a one year membership. No obligations!

HOW TO ORDER: All orders should include check or rmoney order. Add 3% for postage and $1.00 for
handling for orders under $10.00. Send 25¢ for complete TSC software catalog,

TECHNICAL SYSTEMS CONSULTANTS, INC.
Box 2574 W. Lafayette, IN. 47906

Cratr 145 on inquiny card,

BY TF Sosenber 1477
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Figure 6. A finite state
gruph  representation  of
the microcode shown in
tuble 2. The five digit
binary numbers shown in
cach stdte are the control
memory  addresses  swhen
the computer is in that
state. Note that g 4 way
branch occurs  at  state
00010 (left side of the
grupli), indicating the tour
different op codes imple-
mented for this computer.
The resulting initial states
for the tour op codes ure
shown  in contrasting
color.

By TE Nuinemher 1977
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base address becomes the new microprogram
address, thus defining the next micro-
program word to supply control signals.
Continued clocking of the 74174 thus causes
the microprogram to sequence thru what-
ever steps it has chosen for itself, and at the
same time, to defiver control signals to the
computational unit.

To this next address scheme we must add
some means of varying the microprogram
flow based on the op codes encountered.
This is the reason for having the QP JMP-H
bit. When it is high. the base address is no
longer the next address, The latter is formed
by performing a logical OR of the base
address with the op code {assuming that
the bus holds the instruction o be
executed). Ordinarily OPJMP-H will be set

N

high in 4 microinstruction thdat has the two
lowest bits in BASE set to zero. In that case.
cach op code will produce a different next
address.

To see the next address scheme in action,
consider table 2 and figure 6 in which the
microcode for the computer is shown. If we
Start at microcode address 00000, which is
the case when the restart button is pressed,
then we find that OPJMP-H is low, so the
next address will be at BASE=0Q1000. Sub-
sequent addresses are 01001, 00001, and
finally 00010. At this point, OPJMP-H goes
high. Let us assume for sake of example that
an ADD instruction has been placed on the
bus {vp code = 01). Then the next address
will be 00100 v 01 = 00101, The subsequent
addresses are then 01010, 01011, 00001,
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A 6502 Personal System Design:

Documenting Kempuutar - A Guide to the Derails

The design inforntation mdlded with this article, togethier swith the excellent documcitation
pronided b YOS Technologe on the 6302 desian, should be complete coough (o venablfe Hie
udvanced oxperenenior fo budd o oanuiur Kemipactar. The details provided frere cover o bavic
procesor, bat do ot indclide wodetadd desion ol o programmable memaors board whiich i g
necessary part of a usalle system. David Brader is currently working on an 8 K dynamic mem-

David Brader ory board, with invisible refresh, (o be used in Kompuutar. The details of the wiring and con-
POB 483 struction of Kompuutar are shown in the several figures, tubles and photographs, as well s
Electric City WA 99123 listing 1. As a short quide to these materiuls here is u detailed table of contents to the article.

Front Panel Assembly: [l is the Circadt with variows display s und swilclies, wliich oo moanted
on the teant pandd, aod il to the Lol paned preertace module via g malticonducion cable
trom £'2 ta f?

Photo LU e S view af S dronl puned, page 95
Figure Lo ront panef Plodls diagram, page 104
{agueees Do ter JoS2 S cicnt detaiis, pages 106 to 14
Phote 20 Rear of the tront pained. page 100)
[iguire 190 Phesicad favoad deaveime of trost pane!

faame 1iew o photo 1) page 110

Front Panel Interface Module: /i o the logicad intertace belbween the processer s buckplune
brs und the trant panel. f0om the rome ot gddreess doecoding and the read onfy memony wirh
the tront ;mm‘f NCEL L FUE TS,

Phaoto 2: Shows the cables trom the front panel interfuce module

to the teont puned assembi fud the feft). puge 100
Frgares 200 co D203 Show ciecint details. pages 118 to 124
Figure 2.5 Shows the phyvsical laveat on g Vector =3677-2

protols pisg board. page 126
Tabie 52 Shows the wiring detinitiops ot the [2-P2 cabic from

s hoaed e the teont panel aasembiy, puge 102

Central Processing Madute: {/in v thie hewrt ot the Rompuaatar swstem, o board which contains
(he O processor, atied assachited brttering and clocking cocuitey which detines the bec k-
plane bes strerc e o Hie sesten,

Phoge 32 Shosaos the comnponeaf side of the central processing

modede, e second card frann the Jett page 102
Frgeere 300 Shows e Togie diagram ot Hre processor cared. page 127
[igeare 32 Shows the phvsical fa oog of the processor modiile

ona Lector T3602 puota vy ard, puage 128
Fable 20 Detards the Hackplane pin detiontions (P1 ot cadt card)

fos the Bus e Komipiietur. page 98

TIM Interface Module: 7his cundd i pronided so thar the MTOSN Technofogy “Lernunal Interioe
Maortor,” oc FHOW program, cun be wsed with Kompaatar,

Figtee 4.0 Shows the dogre diageaoy of the TIM otedtace Module,  page 130
Frqure 1 20 Shows the plicsicad Ty et o the TINE module on oy
Lector =560 cand, paye 132

Miscellaneous ltems:

Table 50 Shows a master st of ull integrated circuits, where they
depcae B bigiere gt map fovations tar e phisosical lavouls

SAUOA L, dtid penaer W ERE Corteated Hien s, page [ 3+4
Fable T Shows the alfacusions of memosy 1o Kompaata, as
unplemented here, page 96

Lting [ Showes the front panel contiod program wiich can be
tved o manipalale Kompuatae saithoat any other monitor
Droyrdm, pages 136-7137
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Backplane (P1)
Pin
Designation

A

N<XXS<CHAVN D OZZrACINTMUO®

Backplane
L ogic Diagram Pin

Mnemonics Description Designation
+5V voltage supply 1
IRQ 1 interrupt 1 2
A0 3
A2 4
A4 5
A6 address bus lines 6
A3 {even) 7
A 10 8
A12 g
A4 10
IRQ 2 interrupt 2 1
IRQ 3 interrupt 3 12
Do 13
D2 data bus lines 14
D4 {even) 15
D6 16
S0 set overflow flag 17
PHICLK D1 clock 18
MASRST master reset 19
R/W read and write 20
IRQ 4 interrupt 4 21
GND ground 22

Logic Diagram

Mnemonics Description

GND ground

IRQS interrupt 5

Al

A3

A5

AT address bus lines
A9 {odd)

Al

A 13

A 15

IRQ6 interrupt 6

IRQ X any interrupt pending
D1

D3 data bus lines
D5 (odd)

D7

SYNC synchronize
PH2CLK ®2 clock

ROY ready

PANRST panel reset

NMI nonmaskable interrupt
+5V voitage supply

Table 1: Kompuutar bus list. This table gives the backplane socket pin identifications, mnemonics used in the logic diagrams,
and a short description of the line's usc. The pin designations are the standard ones printed on the Vector prototyping cards and
embossed in the typical 44 pin sockets.
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thing to do was to build 4 computer with
the chip. After several days reading, |
redalized  that building o computer was
not going to be atl that easy. | abso 1edlized
that the nitigl $36.75 investment was but
a drop in the proverbial bucket of costs,

Designing the Kompuutar System

Since my $3G6.73 investment wds going
1o need considerable financial and design
support, it was clear that making 4 project
out of the computer would require planning,
I'he first thing 1 had to accomplish wuas a
specitication ot the teatures | wanted in
my muachine. 1 had had a good deal of
experience with the Date General NOVA
1200 minicomputer, which led me to favor
its tunctional front panel switch  setup.
With this input, | decided that the new
machine would have the front panel func-
tions of master reset, halt, program run,
single instruction step, memory exdamine,
exdmine the next memory location, deposit,
desposit to the next memory  location,
foad processor register, and enter data or
address information from switches, | also
knew that | wanted te be able to display
the information on the data lines and
address lines. | decided to use hexadecimal
LED displays for the addiess bus infor-
mation, but not for the data bus. My reason-
ing was that the address bus is always con-
sidered to be a numerical value, whereas
the data bus is sometimes considered to be
numeric  data, but is sometimes  viewed
as a combination of individual bits. (If the
data bus was showing hexadecimal E6 and
yvou wanted to know if bit 5 was on or off,

you would probably have to think tor a
while to make sure}) Another argument
in tavor of discrete LED indicators for
cdach bit is the tact that hexadecimal displays
are 4 bit more expensive,

After reading more about the MCS6502,
a trait common to the other single chip
processors revealed itself. The status register,
accumulator, index register X, index register
Y and stack pointer register do not come
out ot the chip on their own sets of pins,
All that information was going to be hidden
from the operator (me) sitting in front of
the machine. | knew | would have to design
digital logic to get that information out of
the chip and displayed upon some sort of
front panel. | even decided to go one step
further and build in the capability to set
ot reset the status flags from the front
panel. Being able to throw a switch and set
the carry flag, for example, is a4 very handy
capability when debugging a conditional
branch in some program.

I decided 1o use toggle switches for the
16 datd inputs because the state ot indi-
vidual switches could then be tested in
software and used to control options in a
program. This complicates the entry of an
address (which is displayed in hexadecimal)
but gains an ability to write applications
programs which can be modified by the state
of these input switches.

With these considerations in mind, the
front panel design was firmed up as a start-
ing point for the processor. | then started
to work on the detailed logic design of what
came to be called Kompuutar in my lexicon.
After a month’s work, | realized that the






Address Range Type of Hardware

0000 to 3FFF
memory

4000 to 6FFF  Unimplemented
7000 w0 73FF

7400 to 7FFF  Unimplemented

Volatile programmable

TIM read only memory

front panel logic wois woing to contain nearly
220 TTL integrated circuits it [ implemented
it with o comventional logic design., After
that talse start, | thought dbout a simpli-
ticution made posstble by o read anly mem-
Ory progeam, of CHrmsare’ das it s some-
times walled. 1 could replace muost of the
front panel logic with o program burned
into 4 single read anly memory integrated
circuit. With o PROM program and 16 bytes
of  volatile  programmable memeny,  the
6502 processor itself wuould  operate  the
front panel of the system. The integrated
circuit count for the tront panel including
the programmable read only memory and
16 bytles of wvolatile solid state memaory
was now reduced 1o just over SO pachkages.

System Design Philosophy

Duting the process of designing  the
front panel, 1 worked out @ total system

Usage of Region

This 15 the general programmable memory
region for user applications programs.
Locations 0000 to O1FF are dedicated to
scratch pad and stack use by the architec-
ture of the 6502 processor.

This region is reserved for 12 K of general
user memory expansion.

When the TIM monitor interface card s in
the system, this area 15 reserved.

Current accumulator value mantained by
front panel service program
Current X register value

Current Y register value

Current processar flag values

Current stack pointer value

8000 Scratch pad memory with
external visibihty

8001 Scratch pad memory with
external visibility

8002 Scratch pad memory with
external visibihty

8003 Scrateh pad memory with
external visibihty

8004 Scratch pad memory

8005 Scratch pad memory with
external visibility

8006 Scratch pad program

begins here

8007 1o 8008  Scratch pad

Current address register value, displayed
through locations 8014 and BO15

Current data at memory location in
address register {ocations 8007 1o 8008

Front panel request register (see table 3)
Law order address and data switch register
High order address switch regqister

Flag data latch and binary display

Low order address display latch

High order address display latch

8009 10 BOOC  Scratch pad program area

800D Scratch pad memory with
external visibility

BOOE-800F Scratch pad

8010 Read only data input

8011 Read only data input

8012 Read only data mput

8013 Write only display

8014 Write only display

BO15 Write only display

80 F ldle command address

8020 1o BOFF
8100 to EFFF

Peripherals
Unimplemented

FOOO to FDFF  Programmable read only
memory allocations for

systems pragrams

FEQQ to FFFF Read only memory

fable 2: A memory allocation

References cause processor to idle
Unimplemented hardware device addresses

This area is expected to be used by inter-
rupt service routines, utility subroutines
and the hike, pragrammed into read anly
Memory parts.

This region is allocated to the firmware
which controls the front panel. The
65025 interrupt vectors are programmed
into the last portion (see listing 1),

muap for Kompuutar., When interfacing both

peripherals and programming to da single memory dddress space, it helps to
make g memory map to keep track of aflocations.
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design  philosophy - which  goes like  this:

e There wouid be a central process-
ing unit and peripherals. The periph-
erals would be interfaced to the
processor with a mimmum  of hard-
wdre by using memaory address inter-
taces wherever possible.

® The system would be modular. A
common backplane would be defined.
Each module would be  connected
to the other maodules through this
backplane. Each socket on the buck-
plane would be wired pin by pin o
every other socket on the backplane,

® An address dllocation map for the
system would be detined. This would
define addresses tor hardware (periph-
crals), firmware fread only memory
programs) and  main progiammable
memary use.

The tront panel design | had already
created follows the tirst point ol this phi-
losophy quite well. 1t has several separate
peripherals. Some are input devices, some
dare output devices, and some dre 4 com-
bination of both tunctions, Each is inter-
faced as a memory address and operated
by firmware with 4 minimum of supporting
hardware. Details of front panel operation
will be discussed a little later in this article.

The physical arrangement ot the design
implements the details of the second point
in the philosophy. The front panel assembly
is connected 1o the top of a Vector prato-
typing card which contains the program-
mable read only memory with the tront
pancl servicing toutines. This card in turn
plugs into the backplane bus which s
implemented with a Vector card cage and
edge connectors. By pulling the front panel
card out of the backplane, the Kompuuta
system can be solated trom the tront panel
completely. Similarly, the test of the Kom-
puutar system is tabricated on Vector 3662
cards, Each card module contains one com-
plete section of the system. These modules
include  the central processing unit card
with the 6502 uand bus intertacing chips,
and a terminal interface card., Eventually
8 K byte programmable (volatile) memory
cards will be part of the system. The caye |
used has room for eight memory cards for a
total of 64 K bytes. Since the backplane
is wired from pin to corresponding pin of
each socket, the cards can be placed in
any available socket in the card cage. Table
1 shows the definitions of all the bus pins.
In developing the system, | used an exlender
card plugged into the backplane so that |
could have access to the various modules
with an oscilloscope probe.

The third part of the design philosophy
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Our prices arefantastic
Our service..Is better!

Specialization is the only way of doing a job well. $-100, Inc. is committed strictly to the needs of S-100
based minicomputer systems. We don’t sell books, Teletypes, video terminals, or products that do not
directly plug into an S-100 bus.

ABSOLUTELY NO BACK ORDERS! If we can't ship from stock, we will return your check. We
deliver “off the shelf” — and we intend to inventory not only the best of the S-100 products, but also
the items that are the best values as well. We don’t plan to inventory everything made for the S-100 bus,
but we intend to inventory anything you should have.

We stock mainframes but will concentrate on a variety of memory and interface boards, offering the
most popular and the obscure.

If it's made for the S-100 bus, call or write us first... second... or last — but be sure to get our prices
before you buy! Write for our complete catalog.

— TYPICAL PRICES ON SOME OF OUR ITEMS —

OUR PRICE
IMSAI 22-SLOT MOTHERBOARD, KIT (List $751.00) $ 589.95
Z-80 CPU BOARDS—
Our Kit 14495
Digital Innovations (Similar to TDL) (List $169.95) 14995
(List $269.95)  239.95

S-100 SYSTEM, complete, all seif-contained and partially assembled,
includes keyboard, power supply, 10-slot motherboard, Z-80

CPU, 16K of RAM, 1/0 board with audio cassette, monitor in PROM,
and 8K BASIC—all for ONLY 1,495.00

4K S-100 MEMORY BOARD, low-power, 450ns 89.95
8K S-100 MEMORY BOARD, low-power 450ns 144.95
16K S-100 STATIC MEMORY BOARD 439.95

299.95
CYBERCOM VIDEO BOARD VB1A 149.95

NORTH STAR MICRO DISK, Kit 594.95

All Pracessor Technology and Cromenco items and TDL Software — LESS 10%

We distribute S-100 items from all major manufacturers and from many smaller ones.

Unless otherwise specified, all boards or kits are fully socketed (sockets are extra for
IMSAI boards or kits).

]
An organization dedicated to the users of the S-100 bus S 100 I I .C

Circle 118 on inquiry card. ' 7WHITE PLACE
CLARK, NEW JERSEY 07066
(201) 382-1318






http:DISPt.AY




P
TCFF INTERFALE RUARD C26a

I | 7400
27 PP XBOGF z 3 FP-SRE
“SREG
| 5 ' (o
l TOFIG+ 7
| FROMF G5 €439
FP R waf 1
I C |
|
TO FPINTERFALEL su.wlz- | !
| FR-REDS
FP REST
ES 5,9 v
TOFIGI6
L
l I_FP-DPST
l TOFIG 1S
To FPINTERFACE BOARD I
DDRESS OF
E:>xao.:/sorTWAqs IDLE
{ L5V I
O« RuN TOFIGI Y |
CLEAR
€496 G Q l
FP-OPNKT >
STER | TCFIGIS
>
TCFEGIS |
| vSy
| ————— A
4 FLAG SET
EXAMINE : — :
Y
& | |
FP-EXMME I |
> | | i
TOHF:G1 S | 1
g ===t
| I PP REQa 1006
| |
|
{ . 3 2
| | 2
EXAM/NE NEX® | | cazs 16480 Frgﬁfcf’.”é’
— | 7aco 7499
(I | | I-3Y
FP-EXNT D :
TO Fl1d - | | -
l : FoaG RESET
|

NOTE A . &1 L. F SESISTORS ARE 2MYSICALLY
MOUNTELD ON “HENR ASSOLIATED SWITCHES

Figure 1.1: Switch debouncing logic. This is a detail logic diugram suitable for construction of Kompuwuitar. As in alf the logic of
this design, all resistors are 1/4 W unless otherwise noted, and stundurd TT1. integrated circuits are used tor miscellaneotis
functions. Debouncing is done with set-reset Hip flops comtuined in the 74279 part, which we have noted in the discrete logic
form internal to dotled lines, The flip flops can be wired out of gutes (7400, 7410} if desired, should the 74279 be unavailable in
the builder’s parts bin. Integrated circuit power wiring for the entire design is summarized by 1C number in table 5,
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Figure 1.2: Flag selection switch. The control panel service program of
Kompuutar uses the binary encoded 3 bit value on the owtput of this switch
to determine which processor tlag is to be set or reset using an appropriale
funiction selection. This switch is g rotary switch which has three poles and
eight positions.
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Figure 1.3: Front panel data entry switches. The entry of static data is ac-
complished by 16 toggle switches. These switches are connected to either
fogical 1 (+5 V through a 1 K resistor) or logical O {ground).
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The control panel service program uses the
binary encoded 4 bit value on the outpiit of
five possible words for default display from
the control panel scratch pad located at
addresses 8000 to S800F. The five addresses
selected are for the accumulator (0), X index

(1), Y index (2), stack register
register (D).
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DO IT
WITH 16 BITS

DO IT BETTER

With the language that is hest suited for vour application: Business programming in
COBOIL., Scientific and Fngineering in FORTRAN IV, Lducational in BASIC, and
Svstems Implementation in our MACRO ASSEMBLER.

With hardware that will grow with vour application. and protect your software in-
vestment,

DO IT FASTER

With extensive support and utility programs to speed development of yvonr applica
tions software. These include a Diskette Operating Svstem, Relocatable Linking
Loader, Load Module Library Editor. Svmbolic Debugger. and Text Fditors,

With a 16 bit processor that includes hardware multiply and divide, real-time clock.
and peripherals like single or dual diskette subsyvstems with integral DMA con-
troller.

DO IT WITH A MicroNOVA-

BPI

If vou are serious about computing. call or write
todav. BPI Inc.. 2205 East Broadway. Suite b.
Tucson. Arizona 83719 16021 326-6975

@ NOVA is a registered radamark of Data Gonesal Corporation, Southboro, Massachuselrs Circle 15 on ingquiry card.
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Figure 1.5: Control Jogic for front pancl functions. This lagic dencrates the tunction requcst code (read trom address 8010 bits O
tor 2), und controls the NI hine ot the 6502 to implement single step exceution ol the processor.
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Figure 1.6: Datu source multiplexer and bus interface. The sources of duta read from the tront panel logic are four: the two 8
bit duta entry switch reqisters of tigure 1.3, the 8 bit control request word trom tiqure 1.3, and the output of the scratch pad
programmable memory: (lines tubeled “RAMT) from figure 1.7, These are selected by a 2 bit addressing code generated on the

front panel intertuce board of tiqures 2,
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Text continued from page 102

arder byie of the data entry switches. The
vight togale switches of this switch regintea
are used tooenter o byle into the data bus
into the
dddress by
the control panel program in its scrdakeh
pad.  These  toggle switches wre located
dUoaddress SO1T in memory addiess space,

I'he thitd source of data tor the control
pancl program s the set ol fogple switches
which detine the most stgniticant byte of
an address, These cight switchues are located
at address SO12, and ol
address inputs.

The last source of data is the output ot

ot the least significant byte of

segister which s muaintained

RIS used den

dives selections, plus the selection signals
which dre used to control the data input
multipleser tound in tigure 1.6, The selee-
tinn signals are penerated by the priority
encoder €35, and are used 1o pick one
ol the four sources for routing 1o the bus
mtertace gates 1C73 and 1C74, These gates
connect to the backplane data bus Trom
the tront panel via P2's connecting cable
between the front panel and the tront
panel interface board.,

Ihe front panel also includes  several
possible outputs for data. In addition to
the input possible trom the scratch pad,
the processor can addiess and write data
to the scratch pad inany one of the loca-
tons 8000 to 800F. The actudl contents

the 16 byte ~scratch pad memory in the ol the data in the scratch pad can be dis-
conttol panel. The scratch pad responds played tor addresses 8000, 8001, 8002,
to addresses 8Q00 thru BUOF. 8003, and 800D by moving the rolary
The address deanding logiv is tound in switch S24. This switch fsee tigure 1.4)
Hgure 2010 The outputs ot this devoding
logic include miscellancous individual  ad- Text continued on page 118
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MHCRUTECH SUYTWARE

Microtech, Incorporated continues to provide a number of sophisticated software packages for microcom-
puter users. Our software is created expressly for microprocessors, making it fast and memory-efficient, Our
higher level language, MICROTECH BASIC, provides features never before offered for microcomputers, and our
applications and documentation allow even first-time users to be up-and-running quickly and effortlessly.

MICROTECH BASIC 1s designed with great flexibility. The structure easily accommaodates driving a wide
range of peripheral devices through BASIC commands. The language is constructed expressly for Z-80 based
microcomputers, affording a truly sophisticated higher level language with a small {(under 7 K without |/O
drivers) memory requirement. Briefly, MICROTECH BASIC has all of these features:

FULL FLOATING POINT ARITHMETIC PACKAGE finteger version also available, see below)
COMPLETE STRING VARIABLE PACKAGE.

TABLE DRIVEN VARIABLE STORAGE - reduced memory overhead for variable storage.

MASS STORAGE DATA FILE HANDLING - allows data to be read or written to mass storage devices
either sequentially or randomly.

MASS STORAGE PROGRAM FILE HANDLING — a full directory based program file capability has been
implemented. Commands available include PGRM (used to create a directory entry), SAVE, ERASE,
LOAD, and RUN (ioad and go).

COMPLETE PROGRAM OVERLAY CAPABILITY — a powerful programming technique that allows an
executing program to load and execute any other program currently in the directory with all variable
values passed to the new program.

MICROTECH BASIC is currently available in audio cassette form for Digital Group Z-80 systems. We have
hooked MICROTECH BASIC to our own Phi-Deck driver software to create TOS (Tape Operating System)
BASIC. Up to four Phi-Decks may be used for mass data and program storage. All tape control is provided
through BASIC commands. This package, with all audio, video, and mass storage drivers, requires roughly 9.5
K. A minimum 18 K system is recommended

MICROTECH BASIC will soon be available for many Z-80 based microcomputers and will include a variety
of drivers for tape and disc mass storage systems. Write for compiete details.

APPLICATIONS  APPLICATIONS  APPLICATIONS

MICROTECH has an extensive library of applications written in MICROTECH BASIC. As examples, we
have:

e BASIC GAMES — a collection of 10 programs on tape {to be used with our Phi-Deck BASIC}. This is
a comprehensive package including Casino Games, Educational Games, Space Battle, and Tic-Tac-Toe.

e PERSONAL CHECKBOOK MANAGEMENT SYSTEM — a group of programs that allows checkbook
management, bank reconciliation, and tracking of deductibles for tax purposes. It uses a single tape
drive for programs and data storage.

You may purchase our products through computer retailers or directly by mail.

PRICING

TOS BASIC (for Digital Group Systems) — includes BASIC {with Floating Point),

data tape formatting routine, and deck-to-deck copying

routine — 28 page user’s manual and free updating serviCe . .. ... .. ... .. ... .. $64.95
TOS BASIC (for Digital Group Systems} — Integer Version

(arithmetic range +2, 147,483,647) — includes

all of the features LiIsted abOVe . . . . . . e $659.95
(specify 32 or 64 character video when ordering)
BASIC GAMES — Program tape and documentalion . . ... ... vt ittt e e e e $20.00

PERSONAL CHECKBOOK MANAGEMENT SYSTEM —
Program tape and documentation

Dealer and Manufacturer Inquiries lnvited

| IV“EHDTEE POST OFFICE BOX 599
0 E BRUNSWICK. N. . 08816
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Text continued from page 116

up when the muachine is in the run mode,
and the interrupt indicator temains lit while
an interrupt is pending, Interrupt control
fogic is contained in the devices requesting
an intertupt, with the processor’s priority
encoder detining the backplane signal IRQX
thackplane pin 12} which indicates that
some interrupt is pending (and also signals
the processor through its IRQ input, pin 4.)
Thus when interrupt driven 10 is used,
the interrupt indicator lamp will Hicker if
appreciable interrupt processing wait states
ol as vatious devices request attention.

Other Front Panel Functions

Ihe tront panel logic includes logic of
the ready (RDY) and nonmaskable interiuplt
{NMI) timing, shown in detail in figure 1.5,
Fhese lines are used to generate  signals
which atTect the processor in a manner
very simibar 1o intentupts, The HALT and
single: STEP switch are used to generate
signals for these lines. This timing logic
causes the 6502 processor and its control
progiam o implement tairly conventional
single stepping and program halt or restart
tuncuions, HALT or STEP switches are used
i cause the processor to complete the
present instruction, then execute one more
insttuction,  Any  other switch  activated
on the front panel causes this logic to allow
the processor 1o complete only its present
instruction,  The hardware  protocol ot
this lTogic Tocks out afl front panel functions
when the  processor s running,  except
tar the HALT switch,

The bront panel’s interfaces to humdn
fingeis  are through  various  {unction
switches, These switches are debhounced
using set-reset flip tlops which come four
10 a4 package in the 74279 part. The de-
bouncing logic guarantees that only one
pulse is received tor each activation of 4
switch,

Getting Kompuutar Into Operation
The operation ot the front panel’s control

fogic with respect to the actual processor

———————

Figure 2.2: Buffering of processor control signals at the front panel interface
modtile.
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Figure 2.1: Front panel interfuce module address decode logic, This logic decodes the several addresses in the 8000 to 801 F
range which are used by the front panel design of Komputitar. Sivice 3 bit decoders are used, octal intermediate terms are wsed to
symbuolicze the outputs of the 74138s prior to fogical sums performed by the 74260 OR gates. Outputs of the circuit are discrete
select lines for several uddresses, plus two source selection lines for the data bus input multiplexer of figure 1.6.
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can  be  dlustrated by walking  veibally mable memony region, Nest, press the tront

through a typical sequence ot operations. pancl’s HALT switch, ST, Upon release
First, let’s assume that the machine i in ol the HALT switch the debounce logic
RUN mode, which is indicated by o low completes one HALT pulse which s proc-
level on the output of the exceution state essed by the commuand  encoding  logic
fiip flop, 1C49b pin 9. This is the normal ot tigure 1.5, When the HALT line makes
situation for a fully executing 6302 program
contained in the system’s main program- Text continued on page 128
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Figure 2.3: Pull up resistors for backplane address lines, and inverting receivers for focal use in the front panel interface.
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o Figure 2.4: A continuation of the front
= . .
o & panel interface module address decode fogic.
R @@@ @Q )T This is a 512 by 8 bit fusible link program-
v mable read only memory module with de-
code logic. This Intel 36244 PROM contains
w AYAYA the front panel monitor program of listing 7
————— Ll < n o N
% VAVAVAY y and responds to addresses F'E00Q thru FFFF
2 in memory address space using decoding
EE in the figure. Output is directly to the data
w » .
o —la] | ¢l & of bus, which is also connected 1o the back-
A Il plane and to the front panel assembly.
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VECTOR BOARD 3677-2

Figure 2.5: Mechanical layvout ot the tront panel intertace modiude. This board is built on a standard Vector Electronic Co
prototyping card, and plugs into the -4 pin backplane conncctor {wo sides with 22 pins each).

HARDWARE
MaP
COORDINATES — — 2 3 4 S 6 7
/ J2 CONNEC™.ONS TO FRONT PANEL
| 2 3 4
Al ° ° ] °
4 8 S 67 ey T g2 21 22 23 24 25 26 27 28
IC 16 (X XXEXXX] o0 000 00
74260 13 {4516 (" 8 1220 23 303 32 33 34 35 3¢
: 7 [ EXEXXEK] o o000 00
3738 39 40
a2 se L)
Icle
NTEL a3 a5
3624 4 1€35 ic38 46 AT
A TR -STATE 74148 74279
3 €37 c3a
PROM SPARES 74260 7426C
52X8 BITS i
{ SPARE
81 B2 83 B4 B5 86
139 icz9 1€ 30 1cy 1c32 1c33
740Q 74260 74260 TAZE0 74260 | | 74260
B
Cl c2 c3 L4
cz5 126 ca7 c2h cs c6
74138 ra 38 74138 74138 c2a Y
C ra2n 7414
DI o3 D8
PULL o2 PULL Da PUCL D6
up ue ur
RES 119 RES Iicec RES ez
D 7414 7414 74138

Ii zﬁ ﬁﬁm 9 0 (N1 Y4 B ] BT B EWKF 22
——-

Figure 3.1: Processor module diagram. The 6502 processor module contains the 6502, its data bus and address bus buffering
logic, and logic of the priority interrupl structure which substitutes one o six nterrupt vector addresses on the low order
address lines based on the priority of an interrupt. 1his overrides the processor generated address of FFFL or FTTF for an
interrupt via the IRQ input. IRQ interrupt vectors are located at addresses F'FU4 to FFEL in memory address space, with six
priority tevels. Note that the BRK instruction maps to vector FF1.0 (see histing 1),
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Text continued from page 122

its tising transition ai the end of the pulse,
the state of the exeeution state {lip flop
changes, causing the halt mode to be
entered,

The logic which drives the RDY and NMI
lines s responsible for assuring that the
Processor runs one extra instruction betore
dropping off into 4 hall. The process of
going into & halt is accomplished through
the nonmaskable interrupt. A halting of the

user program really means return to the
tront panel control program  through the
NMI signal generated here, so that the front
panel control program can use the register
information stacked up during the interrupt
10 update the external displays,

After such a halt, the front panel address
display shows the location of the next in-
struction which can be exccuted in the pro-
gram just halted. By setting the data display

Text continued on page 134
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MaP
COORDINATES —» | 2 3 4 5 6 7
e VECTOR 3662 AN
A4
1l 21
PULL UP RESISTORS FOR PROCESSOR MOS TECHNOLOGY
BOARD ASSEMBLY A MCS 6502
+5 Y » PROCESSOR
COMPOENENT | (408PIN SOCKET)
CARRIER MAP
LOCATION (_ Ron Bl B2 a3 84 B85 ae B7
) ] 14 14 c 14 4
ELl@ se0 ic 12 1cio icir o ¢ ic2
| p——A———2™> IRGQS 7416 7416 7404 P R 74121
0 R
s60 (9 B
_.\O M,—C. ™ IRQ2 g 'E
{ N R
560
E3< _@_W\,_®_D tRQ3 7 T 7 7‘r 7
} 5860 c4 CS5
\ IRQE cl c2 c3 16 16 ce c7
T4 4 4 12 13
IcT 113 1 1c6 ic5 ica 1C3
7404 74260 74260 DM8835 DM8835 7414 7402
O se0 I
———am———{7v > (RQ4
@ 560 @ ? 7 7 B ] 7 7

————{1T> RQX
e D4
@ 3 D1 D3 s 06 D7

——n—= {3 NMI 16 16
14 14
ET
560 115 cra 1C9 ica
Rov 74157 7410 74148 7416

PANRST

@560®D50 8 7 8 7

£ E3 E4 ES £E6 E7?
c 16 E2 c 16 G
CcC 14 oC g C
M A I1CI6 MA M A
Note: To teduce possible noise E 5 E 7alr g il 8 s
problems, small 0.01 uF by- NI NI 2 ['—;
N _ EE € E
pass capacitors should be add Na £E EE
ed to board assembly. They T T T
can be wire wrap nstalled 8 7 B

from +5V pin to ground pin
of every other 1C socket.

0

RNt i

Figure 3.2: Processor module mechunical layout. This map shows placement of the processor integrated circuils ot a Vector
prototyping card.
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Figure 4.1: TIM interface module details. The MOS Technology TIM monitor program resides in a single MCS6530 ROM and

peripheral interface circuit. The TIM interface module aflows Kompuutar to be used with any serial terminal.
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J4: Parallel Interface

Pin Mnemonic
1 Do
2 D1
3 D2
4 D3
5 D4
6 D5
7 —
8 GND
9 D6
10 D7
11 DRDY
12 DAKN
13
14 -
15 -
16 GND

*Jacks 2, 3 and 4 are standard

MapP

COORDINATES . | 2 3 4 5 6
3662
*
A
B3 85
| c 16 | c 1]
ocC o¢C
M A M A
g ¥ f T
OR
N Nt v2
EE EE
N R N R 8 14
7 T
Cl 8 9 8 9
1 40
ca c5
Ic77 [} 14 | 14 7 \
C MOS )3t
TECHNOLOGY 1c75 1C76 8 \a
MC56530 LM 1489 LMmi48s
o004
TiM 7 8 7 8
D3
be 18 Da D5 3 |
0cC [l t4 [ 14 *
M A J4
PR
D SR 180 Ic 8l 9 16
! 7
ke 4260 7400
20 21 qR
8 a| |7 8 7 8
E2 £3
El | 16 | TS E4 ES E6
I 14 1 1a ] 14 ] 14
Description 1c84 ic85
s 1c83 omas3s | | oMes3s c8z (€79 Ic78
E 7417 7414 "a14 7414
) 7 8 8 9 8 9 7 8 7 8 7 8
data bus lines
ground
data bus lines
data ready

data acknowledge

ground

IC wire wrap sockets. They

are used as cable connectors
with

by mating
“"Augat'’ plugs.

Wi it

J2: RS-232 Interface
Pin Mnemonic Description
special
1 - _
2 RS-232 OUT seal data standard {out)
3 +10V voltage source to peripherals
4 10V voltage source to peripherals
5 RS-232 1IN seal data standard {in}
6 - _
7 GND ground
8 - —
9 RS-232 QUT seal data standard {out)
i0 Hi10Vv voltage source to peripherals
11 —-10V voltage source to peripherals
12 RS-232IN seal data standard (in}
13 - -
14 GND ground

Pin Mnemonic
—10v
TTYOT
+10 V
+10 V
TTYIN
BIASIN
GND
-0V
TTYOT
10 V
-0V
TTYIN
BIASIN
GND

—_— e =
BWN20O0RVNOMHWN =

J3: Teletype |nterface

Description

voltage source to peripherals
Teletype (out)

voltage source to peripherals
voltage source 1o peripherals
Teletype {in)

pull up voltage source
ground

voltage source 1o peripherals
Teletype (out)

voltage source to peripherals
voltage source to peripherals
Tetetype {in)

pull up voltage source
ground

Figure 4.2: TIM interface module mechanical lavout. This shows the physical arrangement of the wire sockets used to
implement the TIM terminal interfuce for Kompuutar.
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Text continued from page 128

selection switch to puint to the DATA posi-
tion, the contents of memory at this loca-
tion are displayed, having been transterred
to the tront panel scrateh pad location 800D
by the service program during the halt opera-
tion. At other positions of the switch, it s
possible to view copies of the X register, Y
register, accumulator A o1 the stack pointer
register. The current contents of the pro-
cessor stalus register dre shown in the eight

discrete LED outputs at location 8013 in
memory address space.

Ititis desired to modify a status flag, the
flag select switch can be rotated to the de-
sired bit, and the tlag set or flag reset func-
tion be used 1o alter the tlag state. I desired,
memory can be examined or altered using
the  deposit, deposit  next, examing or
exdamine next routines activated by appro-
priate panel switches. Pressing RUN con-

Text continued on page 137

Front Panel Assembly Circuits

Map Location in

IC Type +5V GND Figure 1.9
40 74279 16 8 D5
41 74279 16 8 ES
Central Processor Module Integrated Circuits 42 74279 16 8 E6
43 74279 16 8 F8
Map Location in 44 7400 14 7 E3
IC Type +5V GND Figure 3.2 45 74197 14 7 D1
486 7400 14 7 F9
1 MSCE502 8 1,21 A3.4,5 47 7400 14 7 F1
2 743121 14 7 B7 48 7404 14 7 C1
3 7402 14 7 Cc7 49 7474 14 7 F4
4 7414 14 7 Cé 50 74148 16 8 F7
5 DM8835 16 8 C5 51 7474 14 7 F5
6 DM8835 16 8 Cc4 52 7400 14 7 F6
7 7404 14 7 Ci 63 7410 14 7 F3
8 7416 14 7 D6 54 7400 14 7 Cs
9 74148 16 8 D4 55 7474 14 7 F2
10 7416 14 7 82 56 74197 14 7 A4
11 74260 14 7 C3 57 7416 14 7 85
12 7416 14 7 B1 58 7400 14 7 Cc4
13 74260 14 7 c2 59 74197 14 7 B4
14 7410 14 7 [X] 60 7416 14 7 B1
15 74157 16 8 D2 61 7489 16 8 A3
16 7417 14 7 E2 62 74157 16 8 C3
17 7404 14 7 BS 63 7489 16 8 B3
64 7416 14 7 Al
65 HP-5082-7340 7 6 X1
66 HP-5082-7340 7 6 X2
Front Panel Interface Module Circuits 67 HP-5082-7340 7 6 X3
68 HP-5082-7340 7 6 X4
Map Location in 69 74153 16 8 A2
IC Type +5V GND Figure 2.3 70 74153 16 8 B2
71 74153 16 8 Cc2
18 Intel3624-4 22,24 12 A2 72 74153 16 8 €4
19 7414 14 7 D2 73 DM8835 16 8 E2
20 7414 14 7 D4 74 OMB8835 16 8 E1
21 7438 14 7 D6
22 7414 14 7 C6
23 7404 14 7 Ad
24 7420 14 7 Ccs TIM Interface Module Circuiti
25 74138 16 8 C1
26 74138 16 8 c2 Map Location in
27 74138 16 8 C3 IC Type +5V  +10V —-10V  GND Figure 4.2
28 74138 16 8 Cc4
29 74260 14 7 B2 75 LM1489 14 - - 7 ca
30 74260 14 7 B3 76 LM1488 - 14 1 7 (o1}
31 74260 14 7 B4 77 MCS6530 20 - 1 Ci
32 74260 14 7 B5 78 7414 14 - - 7 E6
33 74260 14 7 B6 79 7404 14 - 7 ES
34 74260 14 7 A7 80 745260 14 — - 7 D4
35 74148 16 8 A3 81 7400 14 - - 7 D5
36 74260 14 7 A1 82 7404 14 - 7 E4
37 74260 14 7 A6 83 7417 14 — 7 E1
38 74279 16 8 A5 84 DM8835 16 8 E2
39 7400 14 7 B1 85 DM8835 16 - 8 E3

Table 5: Integrated circuit summary for Kompuutar. This table summarizes the 85 integrated circuits used in Kompuutar,
arranged in groupings by the circuit maodules of the system. The column labelled "Map Location' identifies the physical position
of the circuits on the various boards of the system, as shown in the physical layout diagrams in the figures. Note that the phy-
sical layouts represent a good workable arrangement of sockets. There is no logical requirement that the particular map positions
used in these diagrams be followed ta the letter in another implementation of the system.
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Listing 1: The front panel service program. This program is resident in a programmable read only memory part wired for ad-
dresses FEQO to FFFF, as shown in figure 2,4, The Iisting is a symbolic assembiy language version of the program combined with
the hand assembled object code provided by author Brader, The information at the end of the PROM area includes the interrupt

vectors which are implemented in the Kompuutar system.

Hoxedecimal  Hexadecimal FEST 80 15 80 STA HAUDULR
Address Code Labsl Op  Operand Cammentary FESG 4C 9D FE IMP CONYINUE
FESS TUONTHOL PANEL MONITOR £XIT POINT
“PANEL DRIVER NONMASKARLE INTERRUPT FESY ag EXITCP SEC TSetcarry foonnicate eacd
ENTRY at maritoe
FEQD 8D 00 80 PAMI STA  SVACC {Sgve statn FESA 4C 9E FE JMP SETSTAK
FFO3 8F 01 80 STX 5Svx af processor teqisters FESO iy CONTINUE TLC Civar catey 10 CoONLiMuwe
FEDB BC 02 80 STY swy atsoaercup |l monitor
FEQD " RECHOVER PROCESSOR STATUS & RETLAR FEYE T BEGINROULTINE TOSET WP STAUX AND
ADDRESS AT INTERAUPT TEMPORAHILY LEAVE MONITOR
FEOQ 68 WUNSTR PLA FEQE AT DB RO SETSTAK LDA SVADDR-
FFOA AR TAX FEAT 48 PHA
FFOB BB PLA FEAZ A G7 BD tDA SVADDR
FFOC AR TAY FEAD 48 PHA
FEQOD 68 PLA FEAG AD 03 BO LA SVPFLG
FEQF *SAVE STATUS RETURN AUDRESS & STACK IN FEA9 48 PHA Pusti processar slatys
SCRATCH PAL Gt stack |
FEQF 8E 03 80 SAVERET STX SVPFLG FEAA AE 05 BO LDX SVSTK Subtract 3
FETI 8C 07 80 STy SVAODH FEAD Ca DEx fram
FELA 80 08 8O STA SVAODH« FE At CA DEx ol
FE1Z 8a TSX FEAF Ca Dt x stach Pruater
FE18 8E 05 80 STX  SVSTK FE#D GA TXS 0 LampersgTe pushios]
FE1B SINTERAQGATE CONTHOL FUNCTIDN HEQUEST * RESTORE HEGISTERS
REGISTER FEB1 AF 0! BO LDX Svx
TE1B AD 10 80 LDA REQST FEB4 AL 02 80 LDX SvYy
ferg oA ASL FEB? AD 00 80 LDA SVACC
FEAT OA ASL FEBA 8+ OE BO STA LSTACC
FE20 CA ASL FEBD BO 3¢ BCS LEAVF [ Cyrey set thun begun
FEN 428 ASL monIar Ao,
CENTER PROGRAM TRFE TC DECODE & FXFCUTE FEBF P MANIPULATIONS FOR SINGLE STEP CASE
REQUEST FOLLOW
FE22 8D 04 8O STA SVAAAL FEBF A9 FF LDA =SFF
FE25 AQ 20 LDA #8520 FECH 4D 00 80 EOR SvaACC [Hnuert aler accurmus o
FE2 2 04 8O BIT  SVAAA valuel,
FE2A 03 BPL  *4h 1 raquest greates than 7 FECa 0 00 EO STA SvACe
FEC aC 7F FF IMP REGLD e Qo o cegister laad FECT AQ FF ~DA  =3FF
founian FECGQ 43 D1 80 FOR SvX "Inweet cief Xoval ge
Ie2F 76 1C BvS XHSEE LT I A TP S FECC 80 01 80 STA  Svx
Wiers "l SFOQE et ng1at e FECK A9 FF LDA  =SFF
O Exan mev ) FEDT 40 02 BU EDR Svy [t gl ¥ gal g
res 0G oo BNE  XDODN Eise 2 regeest - 3 FED4 an 02 a0 STA SvY
e ApNS ¢ Or depasit FEOT? A9 FF DA LSFF
next FFOY A 15 HO EDR O 5vSTR Ve T oy of s8ach reges bet
* CONCLUDE REQUEST 150 0% wtloe ]
FE3D A9 10 =#$10 ,Ser up mask torbr FEDC 30 05 80 STA  SVSTK
testl FEDF A9 FF JDA L =SEF
FE35 2C 04 80 BIT  SvAAA FEE" 40y DD 80 EOR SVDATA Invert ol duta 1egister
FE3R DG 03 HNE "+§ bs recuest 07 vaiued
FE3A aC 99 Fg JMP O EXITCP {¢request O then wave FEE4 8D 00 BO STA SVDATA
Ccantrol program wea FEE? AD DE RO LDA LSTACC Restore o accomulatorn
nocmal il wruel
FEID AL 36 FF AP FLAG 1 reguest 1 then go dao FEEA 40 BT [Returre tramiatereupi,
FLAG function service xTing panet servica
* CONCLUDE REQUESTIS20R 3 progrant
FEA0D AQ 10 XODN LDA =510 FEEB "LEAVE PANEL SERVICE FOR USER NM| SERVICE
FF4?7 2C 04 80 811  SvaaA CASE
FE45 00 03 BNE  *eS is request 27 FEEH A4C 00 F6 LEAVE NP USRANAEE
FEa7 ac 29 FF JNVP DPSNXT It request 2 then go do FEEE *NOTE USANWMIIS A READ OINLY MEMOR Y
CEPOSIT NEXT ROUTINE AT F600. NOT DEFINED HERE
serusce FEEE .
FE4A AC IE FF JMP DEPOSIT 1f request 3 then godo FEEE i FXAMINF SFRVICE ROLTINE
DEPOSIT serv ce FEEF AD 11 80 FXAMINE LDA DSWLOW
FE4D " CONCLUDE REQUEST IS4 TOQ 7 FEF1 BD 07 8O STA SVvADDR
FE4D DO oD XHSEF BNE XHLSS If epquest - 6 or request - FEF& AD 12 8O LDA DSWHIGH
7 then go do HALT or FEF?7 BD 08 HO STA SVADDR:1
STEP FEFA 4C 17 Ft INP SETTHAP 1Go back to display
* CONCLUDE REQUEST I540R S cautine and eut]
FEAF A9 10 DA =810 FEFQ ° EXAMINE NEXT SERVICE ROLTINE
FEST 2C 04 80 BIT  SvAAL FEFD A0 00 EXMNXT LDY =0
FFHh4 Do 03 BNE *+5 1% requast 47 TINCREMENT TO NEXT ADDRFSS
FESH 4C FD FE JMPEXMNXT i request - 4 thea qo do FEFF AE Q7 BO ADVANCE LDX SVADDR
EXAMINE NEXT FEQ2? EB INX
FESY 4C EE FE IMP EXAMINE I reguest then go do FEO3 8E ©7 BO STx SVADDR
EXAMINE FFD6 T CHECK FOH OVERFLOW
* CONCLUDE REQUEST ISEOR 7 FF 06 EQ 00 CPX =0
FERC A9 30 XHLSE LA =810 {Se1 up masy *nr g FFOR FO QA BEL) RAISHI Clnw ardee O then
LIt Agesment h o gh urdne
i ERE HC 04 RO a7 SVAAL Test fo artd o peen FEDa CCHECK TOSEE IF INITIALIZATION NEEDNED
nurnber’ FrOA Co 00 UMEEDING CPY =0
HEBT FOoo1ad BNF SETTRAFRP It cpgquest 7 then shap FFOoC FO 03 AEQ *+%
setug logic FFOF aC  IC FF IMP SETUR Y 0 thea wmply
* CONCLUDE REQUEST 1S 6 eapcute seratch gad
FEGE “SET UF SCRATCH PAG INSTRUCTION SEQUENCE Progeam
FEGI A9 8O LDA  =SHD e wCo 7Y FE IMP SETTRAP 1Y (then et up prior
{EGD 80 09 80 STA  QUMMYD 10 WreLuting agan
FESR A% 00 LA =500 FFia TANCREMENT HIGH OROER AYTFE OF CURRFNT
FEBA 8D 0A 80 STA  DuUMMY2 ADDRESS
febD A9 B0 LA =SHO FFid AE DB 80 HALISHI <X SvanRDR
FEGF 80 0B 8O STA  DUMMYA Frir s TN X
FET? A9 B0 LA RGO FF& 5F DB 80 STx SvaDDR«1
fera 80 0OC B8O STA DUMMYS FFiB 4C DA FF NP ONEEDINI
Fe7? CSET UPSCRATOHPAD INSTRUCTION SEQUENCE FFIE *
FE?7 A% aly SETTRAF LDA =SAD JDammy e ar LA FFiF * DEPODSIT SERVICE ROUITINE
FE79 8 D6 80 8TA DATATRAP  naqructon using cur FFYE A9 8D GEPOSIT LDA =580 | Change scrateh pad pro
rent acelress el as s FF20 ED 06 BO STA DATATRAP gum 16 $10re 3CCumy
address | fatoe VSTAL ag s first
FETC CROOTINF TO FXECUTE SCRATCH PAD PROGH AR operavan!
TOSET UP LATEST SVDATA VALUE FF23 AD V1 B0 LDA DSWLOW
FETC 20 06 80 SETUP JGR  DATATRAP |Call scrarch pad resident FF26 4C 7C F¥ JMP SETUP
suabifrrtae ] FF28 .
FETF AD 01 B8O LDA SVPLFG FF29 * DEPOSIT NEXT SERVICE ROUTINE
FERZ ap 13 80 5TA STATUS FF29 A9 80 DPSNXT  LDA =380 [Change scratch pad pora-
FEBB A9 0D LDA =500 Pasch the scratch par FF2B 8D 06 20 STA DATATRAP gram to store accumu-
TeB7 g8h 0A 8D STA DUMNMY] pragram | atar (STAL as s first
FERA " DISPLAY THE CLAREAT ADURESS operation],
FEBA AD 07 B0 LDA SVADDR FF7E AD 1 ED LDA DSWLOW
FERD 8D 14 80 STA LADDR FFi1 AD A4 LDY =8A4a {Ladd ¥ with any nonsgen
FESQ AD 0B 80 LOA SVADDR - vdiug, AA o parmicular |
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Text continued from page 134

tinues  execeution of - the at the
currently displayed addiess.

Alter building the design, 1 tound a
couple of subtle points in the operation of
the control panel, The first point 1o note is
that when using the RESET switch, the pro-
cessor must be in the RUN mode ot the
RUN wversus STEP switch. Sccond, bit 5 ot
the status display is useless and unimple-
mented in the 6302 hardware, The register
load switch (REG LOAD) is best used tor
maoditving the contents ot the accumulator,
index registers, but not the stack pointer,
Using the register Joad switch to maodify the
stack pointer can result in problems when
resuming  execution of 4 program, Once
whatever memaory loading or register altera-
tion chores required by @ program have been
accomplished, execution can be  resumed
using the RUN switch 1o cause the control
panel program to return trom intertupt using
the register contents stored in the contiol
pancl scrateh area.

Program

A Versatile Configuration

1he design ot Kompuautar i quite reqdify
uduptuble to the 6800 processor as d sub-
stitute tor the 0502 1F personul programming
preferences or wvailubility of chips dictates
st o oswitch, The sinmularities between the
two processors are quite extensive, and in
tuct were the bone of contention ol a law-
suit (since settled) shorthy atter the 6502
came out. Xt othe svstem fevel, here are the
mwjor ditterences Lo be usware of:

® [he pinouts of the ) pin puckaye
ed tor each processor are difterent,
but the signal definitions ot NMI, data
Hun lines, IRQ, resel. uddress bus, etc,
dire equivalent.

® [he 68N uses four read only memory
mteriapt vectors dt addresses FEFS to
FFFF in memory address space,
whereas the 6502 uses only three
interrupt vectors, the definitions of
the interrupt vectors for reset, non-
muskable interrupt and maskable inter-
rupts ure similar.

® [l instruction sels difter, so the tront
puned service programs shown with this
article would need to be recoded it u
O8O0 s used.

® [he detnution of the ddock wuved by
the processor ditters i the detuils of
1N drive circunild.

he major teatures ot either a 6502 or 680U
swstem at the level of the backplune bus de-
fined here would be nearly identical. m

Listing 1, continued:

Hexadecimal  Hexadecimal
Address Code L abel Op Opearand Commaentary
4C FF FE JW'P ADVANCE
CFLAG REGISTER CHANGE SERVICE AOUTINE
Al 1D RO FLAG LDA REQST
CALIGN THF FLAG SFLECTION BITSWITH FOUR
HIGHT SKIFTS
Ak LSR
L2 LSR
448 LSR
4A LSR
40 04 AU STA SVAAA
A 01 LDA  =%1
X2 04 8o BIT SVAAA Is flag data it on’
FF4% FO 05 BEQ SEYYZER tf tiag tatd - O then
v -
FFa? AQ FF LDY =SFF Else Y SFF,
FFag 4C 4E FF IMP PROCFLAG
Frac A0 00 SETYZER 1LDY =800
FFAE 4E 04 B0 PROCFLAGLSR SVAAA [Final rignt shitt aligns
the 3 b t tiag cade]
FFs1 a2 07 LDX =807 i Load toop count]
* LOOPSETS X
(R EC 04 B0 FLGLOOP CPX SVAAA HSVAAA X then
THoG FO 04 BEQ FCHANGE qu change this 11aq
FESE A CyCLt DEX
FFag AL B3 V# JMP FLGLOODP
(RN A9 O FCHANGE LOA =501
© LOOP ALIGNS MASK ONPROPER FLAG BIT
FF&E EQG QO FLOOK CPx =300
FFBO0 F Oh BEQ -/
[ OA ASL
FF63 CA DEX
Fro4d 4C 5E FF JMP O FLQOK
FFGT S AT END OF LOOUP WITH MASK IN PLACE CHANGE
FLAG BIT
fio? co 00 CPv =50 s gats 07
FFe9 D0 0B BNE SETFLG 1t e thea o ser ¢ ag
FFa8 a4 TF EOR =$FF
FF6L: 20 03 80 AND SVPFLG Turr ottt the flag b t
with inverted mash
FF7Q 80 03 80 STA SVPFLG
FF73 4C 17 FE JMP SETTRAP
FF 76 OO 03 80 SETILG  QORA SVPFLG I Turn on the selectea bit
fram mass |
FFn 80 03 80 5TA SVPFLG
FF L 4C 17 FE JNMP SETTRAP
FFIF " REGISTER LOAD SERVICF ROLTINE
FFIF * REGISTER LOAD SFRVICE RNUTINE
FFIF A9 OF REGLD  LDA =30F
FF&1 30 0~ 80 STA  DIIMMY3
Frgd A9 AF LDA oSAE | Define LDX as tirst
wperatian of scrateh pag
program’
8D 06 B0 STa DATATRAP
A9 FF LDA  =%FF
4ap nh BO ECOR SVDATA fnvert fata
80 00 80 STA SVDATA
AD 11 BQ LOA OSWLOW
4C 7C FE JMP SETUR
————————— VRLRAT IPITE — — — — —— = e— — — —
A2 FF RESET LDX =SFF {In talize stack
9a TXS pornteri
4C 06 0 JNMP TN Jump to TIM momror
on system RESET
—————————— _— unusea spacgp — — — — — — — — — —
FFEOD Q0 FO BRK Instruchion vector
FFEZ XX XX Not used
FFE4 o FE IRO6 Lowest prionty
FFEB o0 FA IRQS
FFER a0 Fa 1RO
FFEA o0 Fa TRQ3 Interrupt vectors
FFEC 00 F§ IRQZ
FFECE 00 F7 (RQA1 Highest prioity
—————— unused $PACE — — s —— . — —— - — — —
FFEA 00 Ft KM ntrirup vectionr ocation
FFEC AG FF RESET orerrup® vector ‘ocat-on
FFFE Ax o xx
Komgpuutar Peripheral and Scratch Pad Data Symbols
Address Symbol Desctiption
8000 svacc Savea acCumMaiator value, sCratch pan
8001 SV X Saved X indax register value scrateh pad
8002 Svy Savect Y index 1egister v3lur scratch pad
3002 SVPFLG Saved processnr $13a registes value, scratch frag
8004 SVAAA Scratch value
8005 SWETK Saved stack reqister value
8006 DATATHRAP  Fust aoperatinn of scratch part program  absoiuts addressing
through SWADOR]
8007 SVAA Low arded saver ardress vatue, scrateh pag program atsolute
arldress for DATATRAP
HOO0K SvADDR O High arcer saved acgdress vatue
8009 DuUMY2
gggg gﬂ;\:m:j Balance of scratch pau program
BOOC DUMMYS
8000 SVDATA Data value at current 5VADDR
400E LSTACC Accumu ator s1orage temporary
800F SVAAA Scrateh vatue
8010 RFQST Frant panel reguest nput worg
B8O oSWLOW Litws GEORT Qara switch regqister Pt (dats 06 adgdress
mfarmation
BQ17 DSWHIGH High 0rder Gty switch (rgeler input faddress rttormation
nniyi
BQ13 STATUS Status lamps autput
H014 LADDR L oy prder aadress $speay output
Zn1s HAQDR Hugt e address gisptay output
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Implementing an LSI Frequency Counter

Perry Lynne
990 Arques Av
Sunnyvale CA 94086

D7
rrmouen ()
oo

The new generation of programmable
large scale integration (LSI} 10 devices
is proving to be 4s exciting as the micro-
processors to which they are connected.
With the aid of these LSI devices, complete
functions can be added to a microprocessor
system with only a few integrated circuits.
One example of an LS device with this kind
of capability is the 8253 programmable in-
terval timer which can be easily interfaced
to almost any microprocessor. Using this
device, a complete frequency counter ¢an bhe
constructed with just a couple of integrated
circuits.

» COUNTER
il O O i — GiTE O
e (O (D)
—————— JT 0
i
I
B
£
=]
N
A
8 r— Lk
READ 7 J CUJNTER
WRiTE £ ¢ A ne le—— GaTE |
LOGIL
? ——————» 0T

c’s——'

CONTROL
WCRD
REGISTER

(——

le————— (LK 2
| __~| COUNTER
K NO 2 le—————— GaTE 2

————®» OuT 2

Figure 1: A block diagram of the 8253 programmable interval timer, which is
made up of three independent down counters serviced by an internal bus.
Software commuands from the externul processor are used o pult the circuit in

any one of the four different “modes’ of operation. The modes, which are
discussed in the mode definition box, include ¢ mode which catises an inter-
ript on terminal count, a programmable oneshot, @ rate yenerator and a

Square wave rate generalor,
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What's on This Chip?

The 8253 contains three independent 16
bit down counters {see figure 1}. Each
counter has a sepdarate count input, gate
inpul for gating the count and count output.
Each can count in binary or binary coded
decimal (BCD). Also, each counter can
operate in one of four separate modes
determined by storing a “‘mode’’ word in the
device for each of the counters, usually on
power up initialization. These mode words
stay stored in the 8253 until they are
changed by the microprocessor under soft-
ware control.

In table 2 the format for loading the
mode word and reading or loading the count
in each counter is shown. The configuration
of the mode word is shown in table 3.

The mode word for each counter on the
8253 determines whether the upper or lower
half of the counter will be read or written,
or whether the counter expects two sequen-
tial reads or writes to move 16 bits of data
in or out of the device. The type of output
the counters will produce is also determined
by the mode word. See the shaded box on
mode definitions for a discussion of each
mode.

Programming the 8253

Each counter is individually programmed
by writing a control word to location Al,
AD = 11. The control word format is as
follows:

D7 D6 D5 D4
SC1 SC0 RL1 RLO

D3 D2 D1 DO
0 M1 MO BCD

Where DO - D7 is the contents of the
data bus when the mode word is written
to the 8253.

In this application the 8253 will be used
as a single chip frequency counter. Figure 3
shows the functions of each counter. To
determine the frequency of an unknown
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3
K
Integrated Type +5V | Ground /};
Circurt Power LR
IC1 8253 24 12
CLEAR
1C2 7476 5 13 INDERFLOW —p—
(WTERRUPT

Figure 3: A two chip
frequency  counter.  An
unknown  frequency fs
counted by counter num-
ber 1 during g precise time
interval. This precise time
interval is generated by
counters 0 and 2. Counter
0 is programmed by the
software to count the
8080 T1I't clock input and
divide it by 20,480. This
creates da series of outpul
pulses at ua rate of one
every 10 ms. These pulses
are counted by counter 2
to produce a oneshot of
programmable length. The
oneshot is used to enuble
counter 1, which then
counts the unknown fre-
quency. inally, the pro-
cessor reuds out the value
of counter 1 and calculutes
the wunknown frequency.
1C2 is used to signal an
underflow. This allows the
circuit to count up to
walues beyond the normal
maximum of 65,535 (tor u
16 bit counter).

THE HIGH-LEVEL APPROACH:
A/BASIC® COMPILER

MICROWARE'S new A/BASIC< compiler can break the software bottleneck
in your M6800 system. A/BASIC‘ compiles BASIC source programs to fast,
memory-efficient machine language programs. A/BASIC* is a cost-effective
alternative to slow interpreters or complex assemblers at a price you can afford.
¢ GENERATES PURE M6800 CODE — NO RUN-TIME PACKAGE REQUIRED
COMPILED PROGRAMS RUN MUCH FASTER THAN INTERPRETERS

LOW OVERHEAD — WILL RUN IN 8K SYSTEM WITHOUT DISK
PROGRAMMER HAS COMPLETE CONTROL OF MEMORY ALLOCATION

MANY POWERFUL EXTENSIONS TO BASIC SYNTAX

We'd like to tell you more about A/BASIC< and other advanced M6800
hardware and software products. Write or call today for complete information.

MICROWARE SYSTEMS CORPORATION

DES MOINES, IOWA 50304 -

P.O. BOX 954

-\

(515) 279-9856
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incoming signal we must count the numbes
ob oyeles of the signal during a precise pre-
determined interval called the timebase.

In figure 3 we generale this timebase
using tounters 2 and 0. The 8080 ¢, TTL
Jock, which is aystal controfled at 2,048
MIl/, is inpul 1o counter O operating mode
2. The output of this counter, which divides
the count by 20,0480, is 4 precise 10 ms
signal, The output of counter O is then input
to counter 2 which is uperating in mode |
In this mode counter 2 counts the 10 ms
pulses and produces a oneshot output which
SCTVES s a precise intenval for counting the
unhnown frequency .

This timebase interval s programmable
by the microprocessor and can be varied
tfrom 100 ms to 100 seconds by storing the
appropriate divider ratio in counter 2. This
oneshot action is initiated under software
cantrol by strobing the gate input of counter
2. Note that after the strobe the oneshot
action does nat start until the next falling
clock edge, so the interval is precise.

Next the output of counter 2 goes 1o
the gate input of counter 1 which is oper-
ating in mode 2. This counter is allowed 1o
count the unknown frequency of the in-
coming signal during the period that the
gate input is high. The rising edge of the
oneshot output of counter 2 is used 1o
interrupt  the microprocessor  and  signal
that the trequency 1o digital conversion
is complete. The processor then reads the
resultant count in counter 1.

The software for servicing this progam-
mable trequency counter is shown in listing
1. Note that, since these are down counters,
the soltware initializes counter 1 with all
Iv and the value stored in this counter at
any particular time is the complement of the
number of counts received from the un-
known frequency. For example, if one count
has been received, counter 1 will contain
FITT LEEE 100D 11105 the complement s
0000 0000 0000 000 1.

The maximum  count with a 16 bit
counter s 65,535, (Note: with time base
constants in listing set up for a 1 second
count period, this 16 bit range measures
frequencies from | Hz to 65,535 Hz). If
the rising cdge of the output of counter |
fwhich signals an underflow) is used to inter-
rupt the microprocessor, then the processor
can count  the number ot interrupts in
software. The processor can theretore keep
a4 tanning toldl of the number of times the
counter has passed through 65,535 counts
and can therefore adjust the final count
appropriately. This  will  enable counts
much larger than 65,535 1o be accumulated
without having to use additional integrated
Circuits. m

Listing 1: Software for
servicing  the  program-
mabhle trequency cournter.

INITIALIZING THE 8253 COUNTERS FOR

THEIR VARIOUS [MODES THF 8253 1S
CONNECTED IN A MEMORY MAPPED 1O
CONFIGURATION IN THIS APPLICATION AND
THEREFORE IS ADDRESSED THROUGH MERMORY
REFERENCE INSTRUCTIONS

R TEALISE IR i 1t b

TO 8253 MODE WORD

IMITIALIZE COUNTER O TO

MODE 2

INITIALIZE COUNTER | TOMOLE 2
[NITIALIZE COUNTER 2 TO MODE 1

LXI H.P3253

MV M COUNT O
MVI WM.COUNT ]
MV M.COUNT 2

. INITIALIZE COUNTER 2 WITH DIVIDER RATIO
TO PRODUCE APPROPRIATE TIMEBASE

DCX H POINT TO COUNTER 2

LX1 B. TIMEBASE TIMEBASE 3E8H FOR 10SEC
MOV MC 64H FOR 1SLC

MOV MB 0AH FOR 100MS

INITIALIZE COUNTER | WITH ALL ls SINCE

THIS COUNTER WILL BE COUNTING DOWN
ncx H POINT TO COUNTER |
MV MOFFH
MV M, OFFH

INITIALIZE COUNTER 0 WITH A DIVIDE BY 20480

DCX H POINT TO COUNTER 0
MVI M.O0H
MVI 1,50H

THIS SUBRQUTINE SERVICES THE FREQUEHNCY
COUNTER INTERRUPT BY READING THE FREQUENCY IN
. COUMTER 0 AND} STARTING A NEW CYCLE

COUNTDONE  PUSH A SAVE REGISTERS WHICH ARE
PUSH H MODIFIED BY THIS ROUTINE
LXI H.P8253 2 POINT TO COUNTER 1
MOV AN GET L5B OF RESULT
CMA COMPLEMENT THRE DATA
STA COUNTRSLT STORE IN COUNT RFSULT
MOV AN GET MSB OF RESULT
ChIn . COMPLEMENT DATA
5TA COUNTRSELT" 1 STORE AWAY
MVI M.OFFH STORE ALL Is IN
MV MOFFH COUNTER |
ouT START CLEAR INTERRUPT AND

START NEW CYCLE
POP H RESTORE STATUS
POP A AND RETURN
El
RET

THIS ROUTINE SERVICES AN OVERFLOW
INTERRUPT FROM COUNTER 1 AND
KEEPS A RUNNING TOTAL OF
. THE NUMBER OFf QVERFLOWS
FOR THIS CYCLE OTHER SOFTWARE
IN THE SYSTEM SHOULD CLEAR
THIS QUANTITY WHEN A NEW CYCLE
[S STARTED

OVERFLOW
PUSH A SAVE SYSTEM STATUS
PUSH H
LXI H.OVFLO . INCREMENT OVFLO
INC M
OUT  CLINT CLEAR THE INTERRUPT
POP H
POP A
El
RET
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op codes 15 and 45 both specify register RS
while codes 23, 27 and 29 are all ST {store)
operations. Most  register  operations  of
SWEETI16 are assigned to numerically adja-
cent pairs to facilitate remembering them.
Thus ILD and ST are op codes 2n and 3n
respectively, while LD @ and ST @ are codes
4n and Sn.

Operation codes 00 to 0C (hexadecimal)
dare assigned to the 13 nonregister opera-
tions. Lxcept tor RTN {op code 0), BK
(OA), and RS {B), the nonregister operations
are 6302 siyle relative branches. The second
byte of a branch instruction contains a
127 byte displacement value (in two's
complement form) relative to the address of
the instruction immedtately  tollowing the
branch. M a speciticd branch condition is
met by the prior register operation result,
the displacement is added to the program
counter effecting @ branch, Except tor BR
(Branch always) and BS (Branch to Sub-
routine), the branch operation codes are
assigned in complementary pairs, rendering
them easily remembered for hand coding.
For example, Branch if Plus and Branch
if Minus are op codes 04 and 05, while
Branch it Zero and Branch it NonZero are
op codes U6 and 07.

Theory of Operation

SWEL 116 exceution mode begins with a
subroutine call to SWI6 {see listing 2, an
assembly of SWEELT16). The user must in-
stre that the 6502 is in hexadecimal mode
upon entry. |/ or those untumiliar with the
6502, arithmetic is either decimal or hexa-
decimul (binary') depending on a program-
mable tlag. . CH] All 6502 registers are
saved at this time, to be restored when a
SWELT16 RIN instruction returns control
to the 6502, It you can tolerate indetinite
6502 register contents upon exit, approxi-
mutely 30 pus may be saved by entering
SWEF 116 at location SWI16 + 3. Because
this might causce an inadvertent switch from
hexadecimal to decimal mode, itis advisable
1o enter at SW16 the first time through.,

After saving the 6502 registers, SWELT 16
initializes its program counter (R15) with
the subroutine return address off the 6302
stack. SWEETI16'N program counter points
to the focation preceding the next instruc-
tion to be executed. Following the subrou-
tine call are 1 bvte, 2 byte, or 3 byte long
SWEETI16 instructions, stored in ascending

Listing 2: SWEE 10 ussernbly. The SWLETT6 program, assembled (o reside
ut Jocution 8OO hexadecimal, is presented by this listing. The primary entry
point is at the beginning, ltocation SWHo. An alternate entry point if there
i no need to save processor registers is at location 8O3 in this assembly,
SHI6+3.

it 1B AWM,

2818:
[ -B¥-T
dal1cy
BB LE:
@B LF:
e82d:
LLERR]
3273
e82%:
2827
eg26:
2829:
dB2a:
Qg2B:
@82L;
282F:
2B3e:
egl2:
d83a:
281346:
¥B839:
B IA:
e8lC:
|3
BEJE:
e83F:
08ad:
Wad
88as
a848
884l
e8am

38AF
ELET-H
8851
#6853
8855
88571
a859:
[.LETH
esse
B8SCy
5o
MSE
@B sF
[T
861
s
@853
086z
BB6 51
1213
aB6Te
@868
@869
eB6as
@B6B
.11
BE6D
132
BB6F1
T
BE7 1y
85721
873
T4
875

IE
oB
1§

58

1E
a2
LF
B

THU,

08
a8

a8

29
a8

M

epeal
anecs
eeaed
fa0d4
egees
2e00e
pae?
coces
apapy
ea e
eyl
eee12
[ R ]

a0 14 ®

Be0s
eeels
e01?
ocp 18
qed19
aep2e
serz)
agd2e
ape23
aer2a
Qaezs
ape2e
wae27
dAd28
aea2e
apale
RReIl
aaedz
eegly
geeda
oaels
wanle
egea?
Ll 2]
RBRIV
Ppesd
epaal
aedq2
82043
eed4as
38045
adeqs
eeear
22048
adanus
2oess
eaes!|
ages2
QBes3
d8d54
2ges5s
aeese
Baes?
ggoase
gaesy
20050
113
20062
80063
89064
eenss
L1113
egas?
agpes
ege6s
egeve
eger
egder2
ore7d
eaera
¢gets
PBR7T 6
eger?
|paTe
eeare
[-LEL T
1LY
epes2
92083
@ee8a
0pe8s
épass
soo08?
49088
aeees
eeeve
ages i
AR 2
a9e93
28894
22095
Beese
aep9?
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MnaCHINE

AOPLE-

1] PRl
INTERCERETER

NCTNTRK
WOPLE CUMPUTER

SYEET]S INTERTBETEO

sesecasenssssncssecse

Phev

Wb

cYI6R

LTS

cWialb

ToBP

TOBP2

RTNZ

SETZ

SET2
OPTBL
BRTBL

EmT
kP
[ A4
EP2
ECT
PG
ISR
LA
g
DLl
STA
Jee
JHUpP
iNC
BNL
Eng
LlA
FHA
Loy
LDA
ANL
ASL
TAY
Lse
EOP
BEC
5T
Len
Len
LER
TAY
Lua
PHA
/TS
INC
BNE
INC
LDa
PHA
LDA
LE®
ATs
CLA
PLA
J5R
JHP
LDA
STA
DEY
LDA
STA
TYA
SEC
ADC
5TA
BCC
INC
ATS
DFB
DFB

OFB
DFB
DFP
DFR
DFR
DFB
DFB
ore
OFB
DFB
DFB
DFB
DFB8
ol 8]
OFB
ore
DFB
DFB
DFB

OFB
LF R
oFB
DFB
DFB

A
(RISLIL,YV
TUbR

1 4ah

n

A

A

PRECLPUEL 4500 VLG LUNTENTT

IN1~ SUEETI6 TC
FRQM npTioy
nLLAELSS
INTEEOBET AND EVe I''7LH
UNEL SWEETIG INeTe,

(45C" SYEET16 ©C FOW FETCOM

PUSH UN TTALK FOR 7TC

FETCH InSTR

MASK REG SPRCIFICATION
DOTIBLE FOR 2-BYTEL REG'S
“0 Y-®EQ FO™ INDEVING

NOV HAVYE OF(CODL

IF 7ERU THEN NON-TLG OF
INDICATL'PRIOR RESULT REG"
OPCODEe2 *0 L°B'€

TO Y=-PERG FQP INDL¥ING

UPTBL-2.Y LOJ-0RDL® ALP BVTL

RiSL
ToBR2
m1ISH
BePYELL, Y

®iaH
A

RESTORE
(RISL)
(RISLI,Y
ROH, X

(RISLY.Y
ROL. X

R15L
Ri5L
SET2
RISH

SET- |
RTN- |
LD=1)
BR= |
ST-1
BNC- |

STLAT- )
'~
°oP-1
BNZ -1
STPAT- I
Bl-
ADD-
BNM I~
sUB- 1
BK-1
POPL~ 1
RS=1
CPR=)
BS- )
INR-)
NUL=1

INTO STACK
3070 PRG-OP CPOUTINE

INCR =C

LOW-OPLEFP AL® BYTE

ONTO STACK FOR NON-REG OF
‘eupge RESULT REG' INDEY
PRLPARE CABRY FOR BC, BNC.
3070 NQN-REG OP ROUTINE
POP RETURN ADDRLSS

RESTORE 6582 REG CONTENTS
RETURN TO0 6582 CODE VIA PC
HIGH-ORDER BYTE OF CONST

LOV-ORDER BYTE OF CONSTANT
Y-REG CONTAINS 1
ADD 2 T0 PC

X
(¢-2]
2%
D
€0
2
Cax)
<3
€53
ay
(>3]
<5
CTX0
<6
<8x)
(53
9%
<8
CaxX)
93
(B
CAY
{Cx>
(8
[ 31
«cy
CEX)
(D)
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MTh&:
171 5k
2378: Sk
387%:
A7 A
€37¢:

PBTE: 85
2€82: BT
[1:2:3-14 Y
#BBa: 62
BRES: w5
2027 %
d8B%: AS
288B: 99
2880: A€
2B8E AS
@89@: 8!
28921 Ad
0B a:r Ba
PR96: Fo
88QB: D@
S8%A: Fo
2Bl ed
489 Lt Al
QBIF: 8BS
2Bal: AR
B84A3: Ba
88AS: Fe
deAT: AR
deA9: Fe
¥8AB: 2@
P9k Al
383¢: A
@8B1: 2

P8B4: Al
28b6: 8S
B8BE: B4
28BA: AR
REBC: B4
BEBEr 68
@BBF: 2

BEC2: Al
28Lar BS

BELL: 99
BEFA1 AL
2Br2: FS
aBbar 9w
MES 8
Q3FE: 6%
WBFAr &7
QRFC: 40
BEF L A5
@EFF: 7S
29¢e 1 PG
RIDIt MY
#3285 75
27 A3
eI FQ
I3QV: KD
83@L: 2@
B9 1@1 w5

PP 2@ 7

2915 18
g916r @A
@3i8: 51
2%1a: i@
ay1cr B8
ke 6y
@ IFt BY
2%21: 28
g2y &5
@24 £L
dF26: L9
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42

28

en

28
e8

038
88

88

ese~g
22399
aaiea
oarel
ag1ar
2el1al
eetea
202t
veles
aeiar
eeias
earen
aarie
Qa1
2el

201

aTie
a6
RS
Tlen
2o
a1
agles
aegire
astr
eat~e
ee1Ty
CTiT4
[d 2 -1
22176
a2117

[VRed:]
el s
d218@2
actiel
218z
20183

R LR

- -5
2e1%s

ci87
ge1ae
aeige
agse
[ R
dr1n2
eeia
(A EEY
aerve
ac19e
ek
eCLIeR
aaiav
aanee
P2Co!
2eze2
cen2?
ety
Q@zac
aclew
s2cav
azoar
ac20%
recie
o2l
eaziu
2213
SRty
Moot
agetn
eezi”

SET
LL
EN

‘TA

CThTL

TTAT)

1ne

1w

2 LiLA

nor

L OLAT

SYDAT

STRAT

e

oee

suB
PR

ALD

Fo
Bl
B

52

B4

-

2

3

2

oF®

TEZ
Jem
Lba

sy

JmMp

are

[XIvad

Ll

arc
nao
-
wln
Bt

~ype
AT

Tay
LUA
G
Lko

G
AL

T4

LA
(e
nit

nrc
AEL
AY
Lla
ANl

LePb- |
HtL=|
UL
HUL= |
erTr
Fel.x
ot
Rifi
Ph. Y
=@

eeL
"@L., v
BPH
PEH. Y

raL
(ARL. X
#30
T14H
™al. ¥
[HRE
T@H. ¥

(oAl ¥r
oL

[&13

Fax
STAT
50
ruP?
Le
LERAL. v

Lce

(34 PR
=gL
"aH
e

R laK

LUAT
(RAL, X3
oaH

[NR
STAT
uBH
(RBL, )
INR

LeR

neL
(RAL, Y
egel
WAL, ¥
ncRz
RAH. ¥
PaAL.%

e3Q

reL
HOL, X
PEL.v
RQH
REH. ¥
TG Y

430
Trad

vap
LETRY
LW
EPH
LEEPRY
32
Irauz
LRI
ETaAT2
£45n
£TmTe

1F%)

(E2
SUNUSRI
(S

ALVAY T ThREEM

MGUE e T4 m@

A0VE mQ YD WY

CTIPE HYTL [MUITRCT

ENCLOHTE 8@ 17 wESXLY nEj

[HCr ov
LuAw TRCIPECY (=¥}
T R

TE®D HIGH-OmLLR m@ DY¥TER
ALWAY T TAREN

HIGHK ORDLE® B¥TE » P
ALWAY S TAKEN

CEC® Y

TOP HIGH-GRLER EBVYTL epv
SAVE [N ¥-PLL

LECT BX

LOv-0RDE® BYTE

Te Pe

INDICATE =R W
RESULT PiG

LAsT

LOW B¥YTL *0 R@, IHCP My
HIGH-CRCELR BY™E TO HE

INCe BY

STOPE IWUIRECT LOV-0ORDER
BYTE AWML INCP PX. THEH
STURE HlGh~Q®DER BYTE.
iRCR RY AND TETVRN

DECP RY¥

TTOSE R LOW BYTE env

INDICATE P@ A% LA™
REEINT REG

DECT #x

RECLLT TU HR

NUTE Y-Hku = 13e2 Fum Cpm

ng-nv T BV

LATT BETILT RLeD

LAREY T Lo

“@drpY TU wQ

PR FuR BETILT

FLWISH ALL

NGTE Y=RES LT J2e2r

PUSH LOW NG IWTE tha BIR

FUSH dlad=LTLET "0 EVTE
HU CAPTY TEET

LITPLACEMERT uvTE

ALL T ™

1HLEY
MAMG

Luavble mETLT
TL ¥-BE} FQP
TEET OFGE TLUs
BRAHCH 1F

LI"BLE TES"L7=WwE3

TLET OFOP oinen

LOTELE PETYILY-#ED INDEY
TLCT OFOF TLRQ
(oL TH BYTES)

BRANLH LF %0

DOTTLE PETTLT-TLS INLEY
TLET FOR NUMTEND

LhuT JeTity

iTiitH 1F CC

Lotk mEein T-rpS | uiEy

BLTID 1Y TET
[P RLA ]

SR DL

Fom BFF

memaory  locations like 6502 instructians.
The main loop at SWIHB repeatedly calls
the “exccute instruction” routine at SW16C
which examines one op code for type and
branches 1o the appropriate subroutine to
exceoule it

Subroutine SWI6C increments the pro-
gram counter (R15) and fetches the next op
code which is cither a register operation of
the form OP REG (2 hexadecimal digits)
with OP between hexadecimal | oand F, or
4 nonregister operation of the torm O OP
with OP between heaadecimal 0 and D.
Assuming a4 register operation, the register
specification is doubled to account for the
2 byte SWEET16 registers and placed in the
X register for indexing. Then the instruc-
tion type is determined. Register operations
place the doubled register specification in
the high order byte of RI4 indicating the
“prior result register’ to subsequent branch
instructions. Nonregister operdtions treat the
register specification (right-hand half-byte]
as their op code, increment the SWEETI16
PC to point at the displacement byte of
branch instructions, load the A-Reg with the
“prior result register’ index for branch
condition testing, and clear the Y-Reg.

When Is an RTS Really a JSR?

Each instruction type has a corresponding
subroutine. The subroutine entry points are
stored in a table which is directly indexed by
the op code. By assigning all the entries 1o i
common page, only a4 single byte of address
need be stored per routine. The 6502 in-
direct jump might have been used as tollows
to  wansfer conwtrol to the  appropriate
subroutine:

LDA =ADRH High order address byte
STA IND+I

LDA OPTBL,X Low order byte

STA IND

JMP  (IND)

To save code the subroutine entry address
{minus 1) is pushed onto the stack, high
order byte tirst. A 6502 RTS (ReTurn Irom
Subroutine) is used 1o pop the address off
the stack and into the 6502 program counter
{after incrementing by ). The net result is
that the desired subroutine is reached by
executing a subroutine return ainstruction!
| This ironic situation is an example ot wihat
is commoniy reterred to ay CCleverness, |

Op Code Subroutines

The register operation routines mahke use
ot the 6302 “zero page indexed by X' and
“indexed by X indirect” addressing modces
to access the specitied registers and indirect
data. The “result” of most register ops is lett






Listing 2, continued:

99521 b FF gerae BT e
@?cgr F@ Ca QP 7 12204 [t DeEANGH LY "o
@R 54a; =@ ensae nvs
PSS QA BRrEP! hNMY AL A LOTHLE RERTLT-SRL JNLEY
29561 AR egezc TAX
29571 BY @@ feRad LLiA  RQL.¥
B959: 35 ! ARy AND Bab, v Cild BOTH FY™Es FR® KG OBFF
P SB1 49 FF raz2z2s LO® #5FF
29501 D@ L% ea22s BNE  BR) BEANLE IF ROT MINNS
095F: 49 @227 N BTC
#9681 A2 18 epr2g no Lov #3148 L2®2 FO® T2 p& TH PHTo
@962: 20 DL 28 gez2w JERLE® PLLD CTACH POLNTL®
@965 Al 2@ gacoe LDA  (S@L,¥3  ©CT® HIGH SL7rey alm *0 PP
267: B |F 2831 STA  T315H
2269: 2P Ol @B @232 Joro e Sk syD LOW-CODER BYTE
¥96L: Al 0@ 28233 LUk (RQL.v)
BO6E: B% b 282354 STA wiISL
@97 6@ 28235 Lk
99711 4C JE 2B BO236 RTN JHr RTNT

BE237 .

R2238 = 8L CAVE/RESTURL AOUTIBET
38239 s FUK NON-APPLE-]! TYETEMC

Be24R o
Ae2al ATHT EF7  3a%
FO242 XSAV EP?. 345
PR243 Yo' [ 3244 47
302448 PIAV ERT L)
@9Ta:r 8% as Q2245 SAVE STHA RS
BT6r 86 a6k ReT4t STY  ¥IaM SAVE £502 mEG CONTENTT.
2978: 84 &7 20247 STV vear
@TA: 28 ega4s PHE
aeT6: 68 @249 LA
@FTC1 85 AR erRasy STH DAY
@ITE: b2 eeesl ®Te
@97 Fr A% 4B #2252 PLETUREL LLA  PSpatf
@e8t: ab eo92%3 PHA
B9BZr AL &S e@254 LOA  ASAY
HBuar A6 ab ee2ss LOx  ¥oa\y RESTOPE 902 9EdD CONTENTS.
;20 A a? eR2se LY vaSRY
@x88: 28 0p257 FLP
9B 62 Aa2se RYS

Table 1.
SWEET16 OP CODE SUMMARY
Register Ops Nonregister Ops
00 RTN {Return to 6502 mode)
1n SET Rn Constant {Set) 01 BRes {Branch always)
2n LD Rn (Load) 02 BMCea (8ranch if No Carry}
in ST Rn ({Store) 03 BCea {Branch if Carry!
4n LD @Rn (Load indirect) 04 BPea {Branch if Plus)
5n ST @Rn (Store indirect) 05 BMea [Branch if Minus)

6n LDD @Rn (Load double indirect) 06 BZea {Branch if Zera)
7n S§TD @Rn (Store double indirect) 07 BNZea {Branch if NonZero)

8n POF @Rn (Pop indirect) 08 BMtea (Branch if Minus 1)

9n STP @Rn {Store pop indirect) 09 BNM1 ea {Branch if Mot Minus 1)
An ADD Rn (Add) 0A BK ez {Break}

Bn SUB Rn  {Sub) 0B RS {Return from Subroutine)
Cn POPD @Rn (Pop double indirect) 0C BSes {Branch to Subroutine)
Dn CPR Rn  {Compare) oD {Unassigned!}

En INR Rn (Increment) o] 3 {Unassigned)

Fn DCR Rn {Decrement) OF {Unassigned)

SWEET16 Opaeration Code Summary: Table 1 summarizes the list of SWEET16 opera-
tion codes, which are explained in further detail one by one in the descriptions which
follow the table. The program of listing 2 implements the execution of these interpretive
codes after a call to the entry point SW16. Return to the calling program and normai
noninterpretive operation is accomplished with the RTN mnemonic of SWEET16.

SWEET16 — REGISTER OPERATIONS

SET Rn, Constant [ 1 "

[ IowJ Lhi‘gh—| Set}
N,
constant

The 2 byte constant is toaded into Rn (n — 0 to F, hexadecimall and branch condi-
tions set accordingly . The carry 15 cleared.

Example:
15 34 A0 SET RS, A034 RS now contains AD34

LD Rn {Load}

The ACC (RO} is loaded from Rn and branch conditions set according to the data
transferred. The carry s cleared and the contents of Rn are ot thsturhed,

Example:
15 34 A0 SET RS, AQ34
25 LD RS ACC now contains AD34

184 BY 11 November 1977

in the specified register and can be sensed by
subscquent  branch instructions since  Lthe
register specification is saved in the high
order byte of RI4. This specification is
changed to indicate RO (ACC) tor ADD and
SUB instructions and R13 for the CPR
(compare) instruction.

Normally the high order R14 byte holds
the “prior result register” index times 2w
account tor the 2 byte SWEET L6 registers,
and thus the feast signiticant bit is zero, I
ADD, SUB o1 CPR instructions generale
carries, then this index is incremented, sei-
ting the least signiticant bit, which becomes
acairy flag.

The SET instruction increments the pro-
gram counter twice, picking up data byles
for the specitied register. In accordance with
6502 convention, the low order dala byle
precedes the high order byte.

Most SWELTI6 nonregister operdtions
are relative branches. The corresponding
subroutines determine whether or not the
“prior result’ meets the specified branch
condition and if so update the SWEETI16
program counter by adding the displacement
value (- 128 to +127 bytes).

The RTN operation restores the 6502
register contents, pops the subroutine return
stack  and  jumps  indirect  through  the
SWEET16 program counter register. This
transfers control to the 6502 at the instruc-
tion immediately Tollowing the RTN in-
struction.

The BK operation actually executes a
6502 break instruction (BRK), transferring
control to the interrupt handler.

Any number of subroutine levels may be
implemented within SWEET 16 code via the
BS (Branch to Subroutine) and RS {Return
trom Subroutine) instructions. The user
must initialize and otherwise not disturb
R12 if the SWEETI16 subroutine capability
is used since it is utilized as the automatic
subroutine return stack pointer.

Memory Allocation and User Modifications

The only storage that must be allocated
tor SWEETI16 variables are 32 consecutive
locations in page zero tor the SWEETI16
registers, four locations to save the 6502
register contents, and & tew levels of the
6502 subroutine return address stack. If you
don’t nced 1o preserve the 6502 register
contents, delete the SAVE and RESTORE
subroutines and  the  corresponding  sub-
routine calls. This will free the four page
zero locations ASAV, XSAV, YSAV and
PSAV.

You may wish to add some of your own

Text continued on page 159
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John C Polonchak

GTE Sylvania

Etectronic Components Group
114 S Oregon St

E{ Paso TX 79901

Switching ROMs

in the Fairchild F8 Evaluation Kit

Many preaple who use the Tairchild T3
Evaluation Kit supplicd with the Fairbug
Monttor would Hike 1o 1y the Mosteh DDT
Monitor. Untortunately,  the read  only
memaory  chip containing the DDT Monitor
cannot be directly substituted mo the avail-
able socket as wited for the Fuairbug read
only - memory chip, The  scheme shown
below permits the use ot cither chip without
moditications (o the printed circuit board,
The DDT monitor chip is plugged into a
wite wrap sochet. This socket is wired to a
printed dircuit socket that plugs into the

fuble 10 These are the pin interconnections tor the DT monitor memorny to
the Fairbug sockei. Of the 40 pins that need connecting, 23 of them can be
plugged directly into the socket; 14 of them have their pins cut off and aren’t
wsedd, leaving three pins that need to he rewired.,

DDT READ ONLY MEMORY 3851

Top wire wrap
socket containing DDT

Top wire wrap
socket containing DDT

Toronnnanns 2 V) [ 21
I NC ¥ S 22
R TP PPPRPPI 3 23 NC
4o a 28 NC
B -2 26 e NC
B 6 26 NC
T 7 27 e 27
- S 8 28 28
- T 9 1 SR NC
L[+ I 10 30 NC
1Moo 11 31 NC
12 12 32 NC
1B oo 13 33 33
LT I 14 34 - - 34
16 .15 35 -e - NC
1B e 16 36 oo NC
17 e 17 37 o NC
LT PR 18 38 19
21 I NC 39 39
30 TP NG A0 - e v A0

Bottom printed
circuit socket.

160 8y 1 Noanme uTe

Bottam printed
circuit spcket.

Fairbug socket. Most of the wire wrap pins
can be plugged ditectly into the socket in
pigagvback styvle, The pins marked NC are
nol connected and can be cut otf of the
wire wrap socket,

This same tvpe of rewiring scheme must
dlso be pertormed on Q35 which s a4 7406,
since the Mosteh and Fairehild boards use
mutudally inverted signals. Although bath
chips use the same instructions they scem
to be complements ot each other to the
outside world. Tables 1 and 2 show the
interconnections for the two 1Cs. Note that
this scheme of simulating one memaory
o1 processot integrated circuit with another
similar, but pinout-incompatible, chip can be
used quite generally.®

Q5 7406

Top wire wrap
socket containing 7406.

Toeoooaans 1
v S a
I NC
4 eiiiint NC
B 5
6 8
T 7
- I NC
9. NC
10 e 10
IR 11
12 cnemeenn. 12
13 e e v eiimann 13

14 e 14

Bottom printed
circuit socket,

fuble 2: This is the rewiring didgrum tor the
JH00 hexadecimul imverters, This clip mist
be rewired since the signals coniing trom He
Fuirbuyg monitor ure complements ot the
signals from the Mostek DDT monitor.
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use of which need only be threatened in
order to put financially limited black
box developers onto the ropes: cither
they fight a protracted and expensive
legal battle or pull their product off the
market.

In my own law practice, clients have
sought advice and expressed their con-
cern that software packages which they
proposed to develop might tread on
somecone else’s rights. | have advised
them that there nced be no such tearso
long as misuse of trade secrets or bredch
of a confidentiality agreement is not
involved. 1t black box patents begin
to appear |, tor one, will not continue
to give the same advice in the future
because inadvertent duplication through
independent invention is no excuse in a
patent madtter.

By contrast, if the system architec-
ture ot a piece of sottware is a trade
secret,  anyone  who  independently
develops a like product is ree to markcet
it. However, the same picce of software,
if embodied in a black box and pro-
tected by a patent, is the exclusive pre-

box would risk infringement uniess a
costly and time consuming search of the
patent records was made beforehand.

A Hands-Off Policy

In 1977 1 prepared a report tor the
Canadian Federal Government in which
software patentability was examined and

recommendation made.

At that

time

I recommended that no changes necd be
made to the Patent Act so as to extend

its application

to computer

software

because the Act would prove inadeguate
and also because the EDP industry had

found trade secrecy

needs reasondbly well.

I also rccommended that no further
the darea would be required
until the nature of programming under-
went a fundamental change. Although
| cannot Jaim to have lorescen the ad-
vent of microprogramming {(much less
the astonishing speed of its arrival) one
Cdnn now say
change has occurred. 1 would now there-
tore recommend that a review be under-

study

laws to meet ils

that such 4 fundamental

exclude black box microprogramming
from its operation.

Such heresy will probably be rejected
by burcaucrats who see a golden oppor-
tunity to expand their little kingdoms
and also by the many patent law firms
which would stand to do a land office
business.

However, it is accepted that the
Patent Act has had serious limitations
even in those traditional areas of indus-
try for which it was originally designed.
How much less useful it would be in the
world of EDP is made plain by that
industry’s general avoidance of patent
law wherever possible. That being so, it
is this writer's view that the industry
should not be dragged kicking and
screaming into a morass which it has
until now successtully sidestepped.

Daniel A Mersich, Attorney
1262 Don Mills Rd, Suite 17
Don Mills, Ontario
CANADA

[ Danicl Mersich is a Toronto lawyer

serve of the patent holder, and danyone taken immediately for the purpose of whaose pructice is restricted to EDP
independently developing o like black amending  the Patent Act so as 1o mutters. . .CM/ m
Continued from page 37 Xg X4 X9 X3 X4 Xsg Xg X7
is part of a tedture thuat allows NUL DLE - ) | o N
statements numbers to be inter- NUL | DLE | = NUL [+ L o [ ) S
preted.). Reuders ure welcome to v NUL DLE k\NUL \"\NUL \'\NUL N FF \"\Sl kQUL c
. - > or N 0 v
(f)nfact m'( .Im.lurrh(/ mrorma SCH K FS K i 8 N
tior on his interpreter. SCH [ ES - > K | ( s
A SCH | VT 230 NRNVTER NQNTTTIR NRV S N3 S NVIVTER
! tound one additional ercor: In the Yy » . A s %
right center section of tigure 5 on puye STX L GS P J u N
61, the second line in the box above the STX GS [d > J U / S
LRROR 2 terminal should read "+S(]) STX | FF 6s Mot NNuLNLF Pvak oL
/10 COUNT™., Y2
My thanks ta Mr Dickey and to the ETX N RS g h Y N
, othe wwale eved  reader ho ETX A RS DEL‘ < H Y S
many . vther  eagle cved eaderswhe ETX | SO rs N.us NnuLNes Nem Raue ¢
wraote in to teport these errors,® Y3 AN A AW AN
EOT M us @ m g N
A Revision to “Using a Keyboard ROM"* EQT | us ) . M G T % S
EOT | CR us NonulhNcr NBEL N.DC4 ANUL c

—_— Y4 > A A N No-

The article on using a KR2376 key- ENQ | NAK > BS n 4 N
board encoder ROM in the May 1977 ENQ | NAK N BS R PR $ S
o [ ENQ | NAK | NUL BS [\ SO MACK DC2 f\NUL  C
BYTE, page 76, would have been a Yg A N N N
great help rather than a hindrance had ACK | SYN [ b d e 3 N
the author supplied the connections ACK | SYN - ( ) B D E £ S
for the standard version of this device ACK | SYN NUL esc \sTx Neot Nena hwul (o

R A AN o R N
{as was claimed) in his figure 2. | offer Ye v
a revised figure which agrees with the ggt E¥g )] ‘\’/ g m < 2’
code assignment chars suppied in both T ‘ Nesyn o N_ETB
the Gl and SMC data sheets and, | be- vy BEL ETe NuL GS SYN 803 \E B QUL ¢
latedly discovered, Don Lancaster’s DC1 CAN sp CR C a 9 1 N
TVT Cookbook. There is very little [n]eg] CAN SP CR C A Q i S
in common between the two charts, DC1 | cam '\\sp \—\CR (ETX \\SOH \\Dm '&QUL c
The author was obviously working with Yg
a nonstandard unit. e EM LF x FF HT N
@ EM . L LF X FF HT L ~ S
Dr Samuel | Green v DLE EM NUL N LF CAN FF HT \HS C
13052 Ferntrails Ln 9 0 SURB 'DEL i
- bd ESC VT ’ N
Creve Coeur MO 63141 _ SUB _ DEL 2z ESC vT . S
. St SUB us DEL N\.suB ESC vT N.FS c

This is confirmed by u communica- Y1ip Mo N
tion from Gl, who informs us that the
unit by Mr Brehm was indeed a surplus N = Normal
part obtained from a manufacturer of S = Shift
custom encoded keyboards. @ C = Control
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be at the top end of the 2 K supplied with
the SWTPC machine, as it was originally sold
before 4 K became standard. Modifications
to load at other locations are only minor.
The package consists of a number of sep-
arate segments as follows.

The Clock Counters

Four bytes are reserved for the hours,
minutes, seconds and deciseconds clock
counters. Each actually contains the natural
complement of the value, eg: {24-hours) or
(60-minutes).

The Clock Initialization Routine.

On entering this routine, two pairs
of two digits must be entered. These are
read using the MIKBUG INHEX routine
at hexadecimal EQAA. The first of the pair
is multiplied by 10, by shifting and adding,
and added to the second. The first sum is
used to set the hours, the second, minutes.
Seconds and split seconds are set to zero.
The fourth digit is entered anly on the time
signal, generated by WWV, for example. To
prevent the time from being changed while
waiting for the time signal, the clock is
inhibited by the SEI instruction and freed
when the clock is set by the CLI instruc-
tion.

The Clock Counting Routine

This routine is entered when the pro-
cessor is interrupted, provided the eptry
point is placed in the MIKBUG program-
mable memory at hexadecimal A0QQ and

clock PIA did in fact cause the interrupt,
and acknowledges it by reading the PIA data
register. The decisecond counter is decre-
mented and tested. !f it has not reached
zero, the routine returns to the interrupted
program, via the RTI. If it has, the counter is
resct to 10 and the minutes counter decre-
mented and tested, and so on. While it may
seem that the computer has a lot to do 1o
keep up with the clock, it utilizes only a
tenth of a percent of real time during the
worst case midnight rollover, and about half
that normally.

A Clock Demonstration Routine

A clock demonstration routine has been
included in the package and need only be
loaded for testing purposes, as ordinarily the
clock would be accessed by the main pro-
gram. The routine prints the time, in hours,
minutes and seconds at 1 or 2 second inter-
vals depending on the printer speed. A short
routine is used to convert the binary com-
plement of the clock to binary coded deci-
mal (BCD) so that it can be printed in hexa-

decimal by the OUT2HS routine in
MIKBUG at hexadecimal EOCA. After
sending CR/LF/* using the MIKBUG

PDATAT to send the MIKBUG MCL string,
the seconds timer is read. The program waits
in a loop comparing this value with the
seconds timer and when a difference is
found, the routine loops to print the time
again. Also in the loop the routine tests the
high order bit of the A data register of the
control interface. If this is not 1, it means

A001. The routine first checks that the the operator pressed a key, so the routine
LOCAL
REGULATOR
7-8vD0C ich
+5v 1c2
7 & o a
D 805 I MCI4566 IDHZ
+
OIuF  TTResuF H{ >
TO CBI INPUT OF P1a
AT HEX LOCATION
o 801 C-8OIF
- s |
Yoo
-5/6 -10 i Hz
15 19 [} 6
c8 oz8 ca  omapP— >
(OPTIONAL RATE -
RI R2 LISTING | SOFTWARE
l12vac 27K aTK -5/6 vsS MUST 8E MODIFIED }
| > 4v‘v‘v <> ‘v‘v‘v 0" B
*50-60H2
[FROM SWTPC 6800 x b2 +5v
POWER SUPPLY
TRANSFORMER Ci s
SECONDARY ) O iuf
MYLAR DIODES : IN4I48 ETC
®*SET JUMPER FOR -5 tF 50 Hz
OR —6 IF BOH: I—G

*

Figure 1: A way to derive the power line base of 60 cycles per second (North America) or 50 cycles per second (Europe). The
low voltage secondary of the transformer in the power supply drives the Motorola MC14566, @ programmable divider with ratios
of 5 or 6. A second stage can optionally create 1 Hz as well as the 10 Hz signal assumed by the software of listings 1.
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branches back to the MIKBUG CONTROL.
This kind of approach should always be used
to return to MIKBUG, for the RESET
button will stop the clock by setting the
interrupt mask. Also if bit 4 of condition
codes on the stack (hexadecimal A043) is
1, the mask will be set upon execution of
the G command, which should be avoided.

The timing pulses themselves are derived
from the 50 or 60 H/ line using the circuit
given in figure 1. The components can be
mounted on a small piece of Micro-Vector
board, supported at right angles to the base
plate of the SWTPC 6800's box, near the
+12 V supply board. Three short wires can
then be run to one of the 12 VAC trans.
former leads, to the unregulated 7-8 VDC,
and to ground. The output pulses can be
strung directly to the C1 pin of a PIA board.
The heart of the circuit is the Motorola
MC14566 Industrial Time Base Generator.
This MOS device contains a divide by 10
ripple counter and a divide by 5 or divide
by 6 ripple counter for counting from a
50 or 60 H:; line. Pulse shapers on the
inputs accept slow rise time inputs, but
it is necessary to filter the line signal
with R1 and C1 to remove noise. The
two diodes and R2 convert the signal
approximately to a square wave for the
counters. <6 is achieved by strapping
pin 11 to ground, to +5 V for +5.

Programming Considerations

A potentially dangerous way of moving a
string of bytes from one location to another
is to use the stack pointer as an index regis-
ter. It is only dangerous in a case where in-
terrupts are continuously allowed, as with
this clock. For example, one might use the
routine of listing 2 to move the 100 bytes
starting at OLD to 100 bytes starting at
NEW.

If an interrupt occurs during the execu-
tion of this segment, those bytes just before
the stack pointer will be zapped with the
register information, which is probably un-
desirable! In general, when such a technique
is used to coordinate multibyte operations,
it would be desirable to inhibit the inter-
rupt. This can be done with the instruction
SEI which sets the interrupt mask, thereby
preventing the interrupts. The companion
instruction CLI clears the mask, enabling
the intcrrupt. Thus the segment given
would be preceeded by an SEIl and followed
by a CLI. All is fine, provided we do not
set the mask for so long that the next inter-
rupt is lost. This is a perfect example of why
at least two full index registers should be
incorporated in  each microprocessor’s
design. With the routine given, one can

oLD RMB 100
NEW RMB 100
SAVSP FOB
STS SAVSP Save stack pointer
LDS #HoLp-1 First byte pulled will be at OLD
LDX #NEW First byte deposited at NEW
LOOP PUL A Get byte
STAA X Store
INX Advance X
CPX HNEW+100) (NEW+99) was last to move
BNE LOOP Loop till done
LDS SAVSP Reload stack pointer
Listing 2.

move about 4 K bytes in 1/10 second, which
is probably adequate for most purposes.
When used with other software, you'll thus
need to check carefully to make surc that
any such manipulations of the stack pointer
are consistent with the existence of a steady
interrupt source. But once you've got a
steady clock program going, a number of
new possibilitics will be open: time tagging
files, extending the counters to keep track
of days, weeks and vyears for scheduling
personal events to be signalled when the
time is ripe, etc.®

Special 8K RAM assembled and tested $185.00

Get the Best in
Business Data
Processing Systems

Accounting, Inventory, General Ledger,
Timesharing Applications

Also a complete line of personal computers
and peripherals, including:

® Processor Technology ¢ CROMEMCO

o IMSAI ® North Star

¢ Digital Group o TEI

e Compucolor ¢ DTC

o TDL ® Books/Magazines

HARDWARE/SOFTWARE SUPPORT
Our experienced staff is ready to help you
configure the best system to suit your needs

MAIL ORDERS WELCOME
(We accept MasterCharge/BankAmericard)

TRE COGrPUTER RGGN

124 H Blossom Hill Road ® San Jose, CA 95123
(408) 226-8383

Circle 36 onanquiry card.

BY TE November 1977

169









NIMBLE: The Ultimate NIM?

NIM is a 2 player game in which the
players alternately remove counters from a
pile according to some rule. The player
removing the last counter is either the
winner or loser depending upon the varia-
tion. One important characteristic of NIM is
that exactly one player has a winning strat-
egy available to him at the start of the game.
That is to say, if the game is played
“perfectly,” the winner will be determined
before the game begins.

Two examples will better illustrate these
points., Supposc that there are 100 counters
and that each player in his turn must take at
least one, but no more than ten, counters. In
case 1 consider the player taking the last
counter as the winner and in case 2 the loser.

The winning strategy in case 1 belongs to
player 1. He must take one counter on his
first move, and in each successive turn take
enough counters so that both players to-
gether will remove 11 counters. After player

Game 1 Game 2
Pile1 Pile2 Pile1 Pile2 Pile3
3 1 1 2 3
Game 3 Game 4
Pile 1 Pite2 Pile3 Pile1 Pile2 Pile3
9 6 6 5 3

Figure 1: These ure the starting positions of four simple NIM type gumes. If

the game is pluyed so that the player removing the last counter wins, player 1
has the advantage in game 1, and player 2 has an udvantage in game 2. Player
1 should win game 3, and player 2 should win gume 4 if g perfect game is

played,
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Irwin Doliner
POB 290
Owings Mills MD 21117

1 has taken his turns the number of counters
remaining will be 99, 88, 77, ..., 11, and
finally 0.

Player 2 has the winning strategy in case
2. In each successive turn he must take
enough counters so that both players to-
gether will remove 11 counters. After player
2 has taken his twurns, the number of
counters remaining after cach round will be
89, 78, 67, and so on down 1o 12 and finally
1. On his last turn, player 1 will be obliged
to take the last counter and therefore lose
the game.

With either of these games you will
doubtless beat an unsuspecting opponent
several times, even if you let him play in the
favored position. But eventually, even the
most casual observer will notice the in-
variance of your line of play regardless of
what he does. Once he catches on you must
find yourself another victim.

NIMBLE is the extension of NIM to a
game with several piles and a slightly dif-
ferent rule for removing counters. It, too,
has a winning strategy for exactly one of the
players. This strategy is slightly more dif-
ficult to explain than the earlier ones,
but much more difficult to spot. In fact,
trying to learn the correct line of play
from watching a knowledgeable player
is like trying to catch a housefly in your
hand: very often you will think you have
him but when you open your hand, he's
gone. It is for this reason that the game des-
cribed here was called NIMBLE. 1t is similar
to NIM but requires greater mental agility.,

The rules of NIMBLE may be stated very
simply. It is played with any number of
piles, each of which may contain any num-
ber of counters; these numbers are fixed at
the start of each game. Each player in turn



Jack play NIMBLE

Jack be quick,
Jack must learn

The computer’s trick.

removes a4 quantity of counters from a single
pile. He must remove at least one counter,
but he may remove the entire pile. The
player removing the last counter wins the
game. For illustration, consider games 1 and
2 in figure 1. Player 1 has the favored
position in game 1. If he is to win, he must
remove two counters from pile 1 at his first
play. Then player 2 must remove one of the
lwo remaining counters and player 1 takes
the other. In game 2 the advantage is not so
ohvious, but it belongs to player 2. No
matter what player 1 does, player 2 will
reduce the game to two cqual piles. Then
player 2 must remove from one pile what-
ever player 1 removed from the other.

11 is not always so obvious which player
has the advantage or, in fact, how to use it;
for example, consider the two slightly more
difficult examples in games 3 and 4. Unless
you know the game strategy, it is not
obvious that player 1 should win game 3,
and player 2 should win game 4, assuming
they play correctly. Before reading on,
assume that you are player 1 in game 3 and
make your first play. Did you say “Take one
from pile 32" You lose! In fact, you lose
unless you said “Take 7 from pile 1."" This
tactic will become obvious once the winning
strategy is explained.

After becoming an expert at NIMBLE,
you will get greater enjoyment from the
game if you can empathize with your un-
initiated friends’ feelings of frustration, feel-
ings which can better be appreciated if you
have been in the same situation yourself. So,
if you enjoy mdking your own discoveries,
put this program on your computer (without
going too deeply into the logic) and play
against it for a while as a novice.

Before typing in the program, there are
some  stalements that may have to bhe
changed to make them more digestible to
your computer.

1. The BASIC package | used does not
have a RANDOMIZE statement. State-
ments 300 to 350 serve that purpose.

2. Colons (:) were used in statements 10
to 70 to signify remarks in place of
REM.

Listing 1: A BASIC lunguage source listing for NIMBLE.

183 seses NIMBLE ssess

281

3o

g whlllibN BY 1hwiN DOLINEh

5@ AUGUST, 19786

691

Tér

B@ PRINT 'NEFD INSTHUCTIONS':

98 GOSuBR 1909

198 IF As= N’ GOTC 298

118 PRINT

122 PHINT ‘IN THIS GAME OF NIMBLE TwQ FLAYERS ANE CONFRONTERLD wllH »°
130 PKINI *(2<P«7) PILES OF ORJECTS wl'iH NC1) ((@<l<=f), (Be=NC1deba))?
140 PHINT *OBJECTS IN PILE !« EACH PLAYFh IN TUHN MULT SELECT ONE'
158 PHINT °PILE ANL TAKE ANY GUANTIIY FPhUM 1HAT PILE FrlM 11U ALL."
160 PRINT 'THE PLAYEK TO TAKE IME LA>T GEJECT IS THE »INNER. '
178 PRINT ‘IHE GAME 15 BEGUN WITH A COIN TOSS5-THE WINNER OF THAY 10:5*
188 PRINT *HAS THE RIGHT TU INUICATE A PREFERENCE FCh GGING Flndi
198 PRINT *OH SECOND.*

208 PHINT *YOU INLICAITE YOUR MOVE BY P,u WwHABah relHE FILE N®rven, °
218 PRINT °*ANL G=THE QUANTITY."

220 PHINT 'ONCE YOU LEARN THE PROPER 31nATEGY YCU SHOJULL BEAT THe®
£30 PHINT *MACHINE ABOUT 5¢% OF THE TIME-THERF 15 A WINNINUG SihALEGTT
24@ PRINT 'WHICH THE PHOGhAM USES.*

253 PRINT

26@ PRINT G G O b LU CK P

27@ PRINT

289 PRINT

299 DIM GO, 6, WIBI,NCHI,PLEI, W2

Jof PRINT 'PICK A NUMEBER'S

1@ INPUT X

32@ PRINT "THANK vOUt Yi

332 FOR I=1 TO X

343 TeRND

358 NEXT |

362 19=6

372 J9=6

38@ FOR =1 TC 19

39@ V(l)rm2eecl-1)

agg NEXT |

419 MAT GeZEh

428 MAT N=ZEh

a3l BAT Pelbh

auy 1986

a53 PRHINT *S5HOULL | SBI Ur vAME®:

468 GOSUB 159808

478 1F AS=*N' G010 bUR

4B@ PHINT *"INTACATE DIFFICULITY LEREVELCI-53')

492 INFUT 1Y

SOB JF 1963 GUTV 4HR

S1@ IF [9<1 GOTO 4B

52 19=19+1

532 N=INT(KNDe(J9=2))¢3

S4d FOR J=! 10 W

SS90 NUJIeINT{RNDe(Zou{19)=-12)01

$68 GOSUR 1709

S7T4 NEXT J

582 G010 734

590 PRINT °*HOW MANY FILE>*S

68 PRINT *(3-'3J9;')°%:

618 INPUT N

628 IF N<3 GOIO 68

632 1F N>u9 GOTOD 6@

648 PRINT *HOw MANY IN PILE ND.*

65@ FQH Js) 10 N

660 PHINT Ji

678 INPUT Mg}

680 IF NOJI<Poytl9) GOTO 710

698 PRINT 'SELFECT MUMBERS LESD THAN ‘Slevily)

T8 GOTO 668

718 GOSUH 1 TéR

722 NEXT J

738 Se|

742 PHINT I AM ABOUT TC 0S5 A COIK = LALl H OF T *3

752 Ti=INTC(Z2eRND)

T&R INPUI AS

772 1F AS=s°H® G010 di@

760 IF AS=°T' GOTO 48tle

792 PRINT °*DON°'1 BE A WISEGUY - CALL H DR T *:

808 GOTO 768

81@ IF T1 =3 GOTO Ba@

Bep Csa’H*

B2 GOTO 85¢

Ba@ CI="T7"

858 PRINT "THE 1055 WAS ':C$

868 GO5UB 1789

7@ 1F Cs=As GOTO 98w

B8@ PRINT 'MY CHOICE - PONDER FONDEK PONLEK = °
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Listing 1, continued:

RGy
ady
940
G2
93
94
952
Y
9T
2-1'4
390
19
1aie
1220
1238
1240
1uee
186
lea1e
128¢
1899
112de
111
11ee
1139
IRET
[RR-1:1
[RN-1)
IR
Lise
119e
ey
1212
1224
1239
1240
129
1a6e
127¢
1280
1298
1390
1318
1322
1332
1342
135¢
368
137
[ty
1390
Lada
Laleg
(213
L4l
1aae
HEET
1468
tatd
1adg
149¢
150
19518
152¢
1538
1542
1558
thew
1578
198K
1590
1633
1618
%4
1633
164
1658
1E6
V6T
(21
1638
1700
1710
[
1730
1748
175
[IE-T'
177¢
L 78¢@
L7530
[R3+14)
18le
t82e
1430
184e
185
Lua
187
1888
199
192
1940
1328
193¢
1948
195w
19¢2
1970
1982
1999

GIYT0 Dug

FRING ‘Yol Coaler = fu YUU wANT J0 o F1RETS

Guble 1204

Iy A% GOTL 27y

GOTC woi

BOM I=) Teo 14

TRy (ly=0 G gey

NEXT |

FRlINT CYOL G0 Rles] - 75
GCTO Ll

FHINT 1 G Flhsl - '3

FLESER R LR

TF Lal GUTD e

PR IsI9T0U 1 oTEF -1
LF FPely = | JO00 Jlée
NEXT I

R INT(NeRNT b e

TP NG D= GOIC 1ASD
TaINT(NCSYonNi st
PRINT ULING LZ33eds1
SUTC bSed

1=YCi)

FOR (=1 Tu N

1F GCl,d)=1 GOTU 1 Luw
NEXT J

G0l.dy=a

PO

FGh A=3 10 1

[P FOKYed GUTU 230
T3Ts(0ifh,dr-lravis
GOK,d)mC 3t a1 1007
FOKIED

NEXT ¥

PRINT USING 123¢.J,T
IMY MUVE 1S ¢os.v00¢
NCJIoNCJI~T

UK ey 1N
PFONCUYO2 GITO 1400
NEXT

PF Sei GOTG 13(@
FriND 1 wil o fturne vy
GOIO Laze

FRINT 'YUU «fN 1t11IT "
e(oe))mglie]da]

PRHINT *PLAY AGAIN':
GOSUE 1549

IF AN GOIC 19T
GOTO 4tad

TR 321 GO0 1owea

GO BUE LHEW

S0TC 124e

PRINT "YAUR MOVE':
INPUT JeT

IF Jde=) GLla 1&md
FRINT "FIUCK A PILE FrOe 1 1L 'SNS
INPUT W

SUTL ladw

IF J*N GUTU 1432

IF NGO =d GO1e IS5k
FRHINT ‘THAT FILE 1L EMPIT®
GUSLh 188

G0TC lady

IF Tr=1 GOTu |5
FRINT *PICK A &UANTETY FARUM | Du "ENGOYE
INPUT T

GOTC 1510

TF TaNCGY GOT0G ]S
NEDYeNt Y-

T=NCJ)

FUbR 1el% 10 | S5TEF -1
TF VelysT GOIO 16%%
TaT-vel

1F Get,0rmy SCTU [ hHi
GCl,Jdrel
Ftlde(pcla-Lrens

GCTO 1 6HA

P GelaJdre@ GUTO I&US
Gll,JyeR

PUIYe (Rl deer

NEXT

QUTG L 2ha

T=N(J)

Pub L=1% 170 1 STRK -0
1P L1y >T GOTC 178
IS FRRLR]

TsT-vel
PCIY=CPCL) =) eeu

NEXT 1

HETUhN

PRINT UnING 179N

1 THERE AKE ## FILLS
FRINT

UK A=1 10 N

PRINT X¢

NEXT X

PRINT

FOh X=l 10 N

FHINT Noa&1d

NEXT X

FHINT

RETUHN

INFUT AS

1F A%$<>'N' GOTU 93w
HETURN

1F A$<>'T' GOTU 199D
HELURN

FRINT *AN3eEh ONLY 7 ub 83
GOIG 19¢@

PHINT USING 1968, (12w
t FINAL LHCOHF = &t ref You #d#
ENT:

Figure 2: Three example moves from a typi-
cal NIMBLE game, Figure 2a illustrates the
board set up before the first move. Notice
that all the rows have an even number of Is.
ligure 2b shows the board dafter the first
move. The first column now has an odd
number of 1s. The second playver restores
the binary balance by removing four
counters from the third pile and leaves
an even number of Is in each column.

(2a)
Pile Quantity
Number Decimal Binary
1 3 01
2 6 110
3 5 101
(2b)
Pile Quantity
Number Decimal Binary
1 3 011
2 2 010
3 5 101
(2¢)
Pila Quantity
Number Decimal Binary
1 3 011
2 2 010
3 1 Qo1

3, PRINT USING uses a formatl state-
ment rather than a format variable {see
1080, 1220, 1230, 1780, 1970, and
1980). This may not be acceptable to
vour BASIC.

Looking at the sample run, you will sec
that you have a choice of setting up the
game yourself and determining the number
ot piles and the quantity in each pile, or
fetting the computer do it. If the computer
sets up  the game, you must select a
difficulty level  which  determines  the
maximum number in each pile.

When the game is set up, the computer
will simulate a coin toss; the winner will
have the privilege of determining who should
play first. (If the computer ever wins the
toss and loses the game, look for an enor in
copying the program.) Once you learn the
strategy, the gsame will be decided on the
coin 1oss (unless you win the toss and make
an crror). You should begin your play by
letting the computet set up the games al
difficutty tevels 1 and 2. When you think
that you have discovered the winning
strategy, test your theory at the higher
levels.

W ovou discover the strategy for beating
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You read aboul the FIRST West Coast Computer Farre
mn
Buee, tnterface Age, KNilobaad, Personal Computing, cte.
held in San Tranciseo Tast April
® 13,000 People = 200 Exhibitors ® 100 Speakers
over 320 pages of published Conferciee Proceedings.

Well

WE’RE DOIN’ IT AGAIN

The SECOND West Coast Computer Faire

wall be held i
The Brand New Canvention Center i San Jose
in the
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{That's nght after Cormgrcon conclodes sn San Francisco)

YOU Can Be A Part Of It:

=Talk about your latest project  skxhibit homebrewed system  ®Organize & chair Conference Section
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Conference talks will be published {just hike an old county fairl Assure the Conference has topics that interest vou
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Some ol the Conference Sections heing planned-

® Tutorials for computer novices ® Personal computers tor education

o Speech synthesis & speech recognition ¢ Business systems using “home™ computers

e Computer-driven & computer-assisted music systems o Computers & amateur radio

e Computer graphics & video art & Jlurdware & soltware design & implementation

¢ Personal computers for the physically disabled o Standards for hardware, interfuces & sottware

® Manutacturer tutorials on explicit systems e Workshops for club leaders. retailers, NL editors, etc.

Quick! Write for more details:
Computer Faire, Box 1579 alo Alto CA 94302

SPEAKERS’ PAPERS’ DEADLINE:JAN.2
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N{1}

N{2)

N3}

N{4)

N{5}

N(6)

Figure 3: These tables represent the manner in which the information for this game is stored in memory. The matrices are de-

fined as follows:

V' The binary value vector V(1) - ol

N 7he pile quantity vector. N(]) = the number of counters in pife f.
G The binary value matrix. G(1, J) = 1 or 0 depending on whether or not V(1) is in the binary representation of N(J).
P The parity vector. P(1) = 0 if row i of the G matrix has an even number of 1s; otherwise P(I) = 1.

ligure ;A typical
NIMBLT  yume  shoswing
the contents ot GG matriv
und P tuble tor each moye
in the gume.
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the  computer, short of doctoring the
program: congratulations! If not, you have
probably come to the conclusion, after
watching the computer’s strategy for a
while, that it attempts to maintain a certain
kind of balance. That is absolutely correct;
though not in the way you probably think.

If we lived in a binary world, this game
would bhe very uninteresting because the
strategy would be too obvious. But un-
fortunately man learned to count on his
fingers and not his vars. We just normally
think in decimal.

The  following  demonstration  should
clarify the strategy. Suppose we have 3 piles
with 3, 6 and 5 in piles 1, 2 and 3
respectively. If we represent these quantities
in binary, the system would look like figure
2a.

There 1s an even number of s in each
column; no madtter what plaver | docs, this
statement will no longer be true after his
move. Suppose that player 1 removes 4
from pile 2: the system now looks like figure
2b. Player 2 can now restore binary balance
by removing 4 from pile 3, leaving a4 system



Figure , continued:
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that looks like figure 2¢. The game will
continue this way, with player | disrupting
the balance and player 2 restoring it. Player
I must ultimately leave a single pile which
player 2 will remove. Therefore, if the initial
system s in binary balance 1tis preferable to
go sccond: otherwise, 1t is preferable to go
first. The strategy is simply to restore binary
balance cach time vour opponent distupts it

Now that you know the winning strategy,
you will want to learn how the program
knows (o play it First we must think ot
writing  binary - numbers  vertically  from
bottom up rather than horizontally from left
to right. For example, the numbers 3,5, 7
and 8 would be represented as:

3 5 7 8
| | | 0
| 0 1 0
0 | I 0
0 0 0 |

[hiv method is used to represent the pide
quanitties 1in the G table {matring.

Figure 3 demonstrates the refationships
between the major program tables and how
they are used to tind the optimal move,

When it is the computer's tuin to play, it
looks 4t the Povector, statements 1020 to
1040 of tisting 1.1t it is not equal to O there
is no optimal move and the computer plavs
at random as shown in statements 1050 to

Figtre 5.V typical NINBLE gume series.

NiwBLE AN BLYRI VL]

NEEL INSIRJUTIONSYY

IN THIS GAMF OF NIMDLE Tew PLAYFHES AKE CONFAONTEL OlTH ¥
(R<F<ly PILES OF URJECTS WITH NOI) ((@<icaf), (e=N(1)<64))
CEJECTS IN PILE | FACH PLATER IN TURN MUST SELECT ONE
PILF ARD TAKE ANY wWUANTITY FROM THAT #ILE FPHOM 1| 10 ALL.
THE PLAYEL TG TAKE THE LAST UBJECT IS THE WINNEh.

THE GAME 1> BEGUN wliH A CUIN TOSS5-THR WINNER OF THAL I335
HAS THE KHIGHT T0 INDICATE A PREFPERENCE FOR GUING FIhbI1

OF. SECONL.

YUU INDICATE YOUR MOUE MY Pow WHbEnk p/=1ME FPILE NUMbLEh,
ANT U= THE QUANTITY.

ONCE YOU LEAKRN THE PHOFEM STRATRGY YOU SHOUL! HEAT THE
MACHINE ABOUT 53% OF THE JIMF-THEKE IS A WINNING STRATFGY
WHICH THE FPROGHAM UiF:.

C 00D LUK e
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This book is based on the author’s experience in teaching microprocessors
to more than 2000 persons during the past 5 years, both in a professional. and
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8YTE FLOWCHART CONVENT/ONS

GENERALIZED

XXXX PROGRAM FUNCTION

ENTRY POINT, LABEL,
OR SUBROUTINE RETURN

INTERNAL LABEL
REFERENCE
(FLOW INTO CIRCLE)

INTERNAL LABEL
DEFINITION
(FLOW FROM CIRCLE)

nNo  DECISION
(ENTRANCE UNMARKED,
EXIT OPTIONS MARKED)
YES

FLOW RULE

ALL FLOW 1S ASSUMED DOWN QR TO
THE RIGHT; EXCEPTIONS TO THIS RULE
ARE INDICATED BY ARROWS. ARROWS
GFNFRALIY OMITTFND OTHFRWISF

number of digits can be expanded.

This format has its list of disadvantages,
though; but for these the commercial com-
puter industry might have adopted it tong
ago.  The program size required for per-
torming just the basic operations and the
conversion routines is about the same as for
the other tormats, but execution times dare
significantly slower. Many hobbyists are not
s concerned  with the number of milli-
seeonds as with the number ot by tes, but
another disadvantage is the larger memory
required to store the Hoating point num-
bers. For most assembly language applica-
tions the impact is negligible. 1t does be-
come noticeable, however, when the float-
ing point package is part ot higher level
Linguage programs such as interpreters o
compilers, One major disadvantage is mote
subtle. Many ot the transcendental fune-
tions are best implemented using algorithms
which are binary based. Using these algo-
rithms, the BCD format is awhward at best
and at worst consumes large gquantities of
time and memory.

The binary floating point format provides
the fastest exccution times, despite the fact

that ity format allows representation ot 7
digit numbers at all times, Because the entire
format is in binary, implementing the basic
operdtions and alb of the transcendental
functions is casicr than when using cither of
the other two tormats,

The major drawback is the small range of
aumbers representable, relative to the other
formats {IU““ to U 38}. This iy because
its exponent is only o power of two com-
pared with bases of 10 and 16 respectively.
Two other minor drawbacks are the need tor
routines to convert tloating point numbetrs
from o decimal base to a4 binary base (and
vice versa), and the need to expand the
bBindary format to perform actual caleula-
Lions.

The hesadecimal tloating point tormat
permits 0 much  larger number range
(IO+76 to 10 76) than the binary format,
and  the  conversion  routines  are  similar
for both. Although slightly slower  than
the binary format, the hexadedimal format is
stitl much taster than any BCD format ot
comparable capability.

It is somewhat more difticult to imple-
ment scientitic functions such  as  square
root, eaponential and logarithm with this
tormat than with the binary format, and its
precision s not as gredl as the binary format's
precision becduse it is digit rather than bit
oriented. Even though the most significant
digit s nonzero, the most significant three
bits of the digititself may be zeroes, resulting
in onty 21 bits of accuracy. This translates
to only six digits of accuracy.

In describing the four basic  floating
point operations and  the format conver-
sions, the hexadecimal tormat will be used
to illustrate examples.

Floating Point Operations

The software uses thiee floating point
registers, dan accumuldtor, drgument register
and  scratch register, The tloating point
accumulator contains one ot the operands
prior to 4 cdleulation, and the result atter
the calculation is performed. The argument
register contains the other operand, which
is loaded by the routine, and the scratch
register is used to hold temporary results,

In cach ot the basic operations there are
two parts: exponent caleulation and man-
tissda  calewlation. Fixed point operations
require only the mantissa calculation, which
turns out to be the casier of the two.

Add and Subtract Routine

Figure 5 15 a4 tlowchart ot the add and
subtract routine, The two operations are
deseribed togeiter because the dlgorithms
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100000 X 167
FFFFFF x 160

Hon

A
B

Figure 6a: Two numbers A und B, which differ from ote another by less than
one pdart in 224 but which were represented as two different numbers,

Mantissa Guard Byte
A = 100000 00 X 16!
g8 - OFFFFF | FO x 16!

Figure 6b: The same numbers as tigure 6u, but with B shitted to the right one
digit, and the extra digit stored in the quard byte in preparution for the sub-
traction shrown in tiqure b, This shitting aligns muntissg radis points {mukes
exponents equadl).

Mantissa Guard Byte
T et - 1
A - 100000 00 X 16
_B = _OFFFFF | FO X qg!
c - 000000 | 10 X 161 - 100000 X 16O

Figure 6¢: The subtraction of B from A to give C. There is oaly one significant
digit in the result, which is entirely located within the guard byte.

A = 100000 X 16!
—-B = - OFFFFF X 1g!
c = 000001 X 1g! - Ac0000 x 18 4

Figure 6d: 1f the guard byte is omitted, as in this example, the apparent result
is off by a tuctor of 16 due to truncation prior to the mantissa addition (or
subtraction).

are identical except for 4 sign change before
executing g subtract.

The add and subtract routine consists of
three functionally separate sections. The
tirst prepares the numbers for the operation
by aligning the radix points. This is analogous
to aligning the decimal points for an addi-
tion or subtraction of decimal numbers.
The addition or subtraction is then per-
formed and the result normalized.

The radix points are aligned by shifting
the mantissa of the smaller number right one
digit and incrementing its exponent until
the exponents are equal. When shifting right,
the last eight bity shifted oul are sdved in the
guard byte in order to maintain accuracy.
During the shitting and incrementing loop,
the 32 bit muantissa, including the guard
byte, should be Jhecked for all zeroes {a
situation which implies that one operand is
too small 1o affect the other). This is o
avoid  shitting  insignilicart  seroes, For

T82  BYTL Nawvember 1977

example, 0.0001 added to 100000 will give
100000 because only sin signiticant digits
dre retdined.

In the second section the signs of the two
operands are compared. 1 they are the same,
addition is performed, and if they are dil-
ferent, subtraction is pertormed. Addition is
a4 straightforward 32 bit tised point add; the
only normalizdation is 4 right rotite one digit
and exponent increment when there is g
carry out. An overflow can only occur if,
on the right rotate, the exponent exceeds
the  maximum  value when  incremented.
When  this occurs, the current routine s
exited, the overflow flag is set, and program
control is returned to the caller.

I the mantissa signs are opposite, the
argument mantissd iy subtracted from the
accumudator mantissa in o 32 bit tixed point
operation. It the absolute value of the
dargument mantissa is greater than that of
the dccumulator mantissd, a carry oul occurs
and the result must be negated and the
result sign complemented. The effect is the
same  as subtracting the smaller mantissa
from the larger and using the sign of the
larger.

The last section normalizes and rounds
off the result and checks for exponent over-
flow and undertiow. Normalization consists
of shifting the mantissa digits left until the
most significant digit is nonsero. For cach
shift, the exponent must be incremented
and checked for overflow, Only 24 bits of
mantissa are saved. Therefore, the 25th bit
of the temporary result determines whether
the mantissa is to be rounded up or not.
For example, it the hexadecimal result were
10000094, it would be rounded up to
1000071, whereas o result ot 10000048
would not.

It the guard byte and 4 round oft opera-
tion are not used in an addition, one bit of
significance could be lost. By comparison,
subtraction without g guard byte could
medan & difference of an order of magnitude.
Two numbers can be different by less than
one part in 224 4nd yet be represented as
two different numbers (A and B in fig-
ure 64). When once is subtracted from the
other, the smaller must be shifted right in
order 1o dlign the radix points. The guard
byte stores the shifted out digit (figure 6b)
and retains the only signiticant digit of the
result {figure 6¢). Without a guard byte the
significant digit may be otf by 4 tactor of
16 (figure 6d).






Figure 7: A flowchart for the floating point multiplication routing.
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F GURE 5

Multiplication

Figure 7 is a flowchart of the multiplica-
tion routine. Calculation ol the exponent
for the multiplication and division routines
is achicved by adding or subtracting the
operand exponents respeclively. Since the
exponents are in excess-b4 notation, the
offset (64) will have 1o be subtracted from
or added to the result. If the resultant ex-
ponent is less than the smallest exponent
or greater than the largest, an underflow
or overflow condition exists and the appro-
priate action is taken {for example, display-
ing an error message or setting the result to a
tixed wvalue). Sign calculation fur both
multiply and divide is a simple exclusive or
of the two operand signs.

The partial product method 15 the most
widely used in fixed point multiplications,
decimal or binary based. Using binary num-
bers, this algorithm rotates the multiplier
right one bit and tests the bit rotated out.
The multiplicand is conditionally added to

the accumulated result if the bit is 4 one.
The result is then rotated right one bit,
retaining 32 bits, and the whole procedure
repeated for all 24 bits of the multiplier,
[An exumple of this algorithm implemenited
in haradware was found in the article " This
Circuit Multiplies”” by Tom Hall, page 36
in fuly 1977 BYTE ... CH/

Though the fixed point calculation is
straightforward  and  uncomplicated, it s
extremcely time consuming because the loop
is repeated 24 times. One method of re-
ducing the exccution time is to cut out all
subroutines within the loop and use only
in line code. A complete multiplication
routine can then have a worst case multiply
time of about 2.5 ms using an 8080 pro-
cessor with 2 MHz clock.

Division

Figure 8 is a flowchart of the division
routine. The fixed point divide algorithm is
analogous to the partial product method and
is also commonly used. It compares the
absolute value ot the divisor lo that of the
dividend. It it is equal to or less than the
dividend's absolute value, it is subtracted
from the dividend, and a one is rotated into
the least significant bit of the guotient.
Otherwise there is no subtraction and a
cero is rotated in. The dividend is then
shifted left one bit and the loop repeated
for a total of 32 times, generating 4 32 bit
quotient. Long division by hand goes through
the identical procedure, but it operates on
digits instead of bits.

Since more processing is done in each
loop cycle than in the multiply routine,
division execution times are longer than
multiplication times. The worst case times
are still around 5 ms for an 8080 with
2 MH/ clock.

In both the multiply and divide routines,
the normalization procedure is identical to
the one in the subtract routine. Therefore it
usudlly turns out to be shared code.

These routines are the core for other
floating point functions such as format con-
versions and scientific mathematical func-
tions. Because of this it is important that
these routines exccule as fast as possible so
that the other functions’ execution times
are not increased to several seconds instead
of fractions of seconds.

BCD to Binary and Binary to BCD con-
versions are probably the most difficult Lo
implement in abindry flodting point package.
There are several simple methods of con-
verting integers from one format to the
other, but | haven’t seen any published
literature to date on either floating point
arithmetic  or number base conversions,



The methods described here were chosen
because of their simplicity rather than their
speed. The slow base conversions are still
relatively fast compared to the character
oriented input and output operations in
which they are used, so for most purposes
the conversion speed is not noticeable.

Decimal 1o Binary Conversion

The Decimal to Binary (DB) routine
(figure 9} converts a free format floating
point BCD number in ASCIE to bingry
floating point  format, converting trom
ASCI1 BCD floating point to formatted BCD
tloating point, and then to binary floating
point in one operation.

After initialization the DB routine first
checks lor a plus or minus sign, which is
optional. It ignores a plus sign and sets a
flag if there is a minus sign. It then reads in
one or more digits {and possibly a decimal
point). When it encounters a decimal point,
it tests a flag to see if another decimal point
has already occurred and sets the flag if
not. If a decimal point has already occurred,
the routine jumps to the last section. For
each decimal digit input, the routine multi-
plies the accumulated result by ten in float-
ing point format, creates a4 floating point
number from the digit, and adds the number
1o the accumulated result. 1 a decimal point
has previously occurred, a decimal exponent
count is decremented, keeping track of the
number of digits in the fractional part. This
process is repeated until & character which s
neither a digit nor decimal point has oc-
curred, at which point control passes on to
the exponent evaluation routine.

Here the decimal exponent of the num-
ber, il any, is processed. The routine first
searches for the presence of an b character.
11 none is present, control jumps to the last
section, If the character is present, one or
two BCD digits are inputted with an optional
plus or minus sign. The BCD digits arc con-
verted to an 8 bit bindry, two’s comptement
number and added to the decimal exponent
count,

Finally, the mantissa s normalized by
either repeatedly multiplying or dividing by
ten, depending upon the decimal exponent
count. Multiplication is pertormed it the
count is greater than zero, and division is
performed it itis less than zero. The count is
cither decremented or incremented respec-
tvely toward zero tar every multiplication
or division. When the count reaches zero,
the sign is corrected if the number is nega-
tive, and the routine returns.

The Binary to Decimal (BD) routine
shown in tigure 10 converts a binary floating
point number to packed BCD floating point.

Figure 8: A flowchart for the floating point division routine.
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FIGURE 5 NO

SET COUNT 70O 32

COMPLEMENT CARRY

[

ROTATE CARRY INTO
LSB OF QUOTIENT

SHIFT DIVIDEND
LEFT 1 8IT

DECREMENT THE COUNT

The number is left in packed BCD notation
so the user can define his or her own format
for the decimal point and exponent.

Initially, the binary number is normalized
so that it is in the range of 0.1 to 1.0, with a
decimal exponent kept separate. This is done
by repeatedly multiplying or dividing by
10 until the number is eqgual to or greater
than 1.0 and less than 10.0, and then
dividing it by 10.0. During this operation,
cach multiplication or division by 10 is
tabulated in a count. Next, 4 round off of
0.0000005 is added and a correction, if
necessary, Is made to make sure the number
remains between 0.1 and 1.0,

The number is then converted to a binary
fixed point {raction, and finally to a BCD
fixed point fraction of eight digits, but
accurate to only six digits because of the
added round otf.

Atter completing mantissa  conversion,
the binary count of the decimal exponent
is converted to asigned BCD pair and stored
with the BCD fraction.

COUNT=0
F]
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These two algorithms for conversion of
bases between BCD (base 10} and binary
(base 2) are valid for any binary floating
point format, not just the one used here.

Concluding Remarks

It is hoped that this discussion along with
the flowchart specifications of the algorithms
can be used by readers as a basis for coding
a floating point arithmetic package for any
general purpose microprocessor system., |
have used this intormation in particular to

code an 8080 version of the routines for the
basic arithmetic functions, as well as exten-
sions for functions such as sguare root, ex-
ponential, natural logarithm, sine and
cosine, and arc tangent. The extensions all
use the basic multiplication, division, addi-
tion and subtraction operations to evaluate
the more complex functions involved. Read-
ers interested in a detailed copy of this
8080  mathematical function software
documentation can purchase it for $10 by
writing to me 4t POB 447, Maynard MA
01754. =

Figure 10: Flowchart of a binary to decimal conversion routine used to convert a binary tloat-
ing point number to packed BCD floating point format.
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The notes supplied by Peter Skye in May 1977 BY 1L (page 68) crevted o
Hurry of correspondence aotivity from numerous sources. One of the best
proposals we Ve seen is Hthat provided by Glen A Taylor in his letter titled
“Humguage Development: A Proposal.” he main theme of his ideas is pro-
posal of what might be called o personal computers langtrage development
society, For our part, 10 help foster such efforts, we will provide g "Langu-
dges Forum’ platform for individuals wishing to participate in print with
ideas on personal computing languages. 1This torum is open to ull who huve
technical contributions or suggestions to muake in the field of lanquage design
tor persond! computing systems,

A tundamenial ground rule is that persons submitting letters showld suppiv
a complete address and be willing to correspond with other readers. Tefe-
phote numbers will be printed if authors of letters to this torum supply them
and indicate a willingness to get together via that medium.

Language Development: A Proposal

Glen A Taylor

The Wisconsin Research and Development
Center for Cognitive Learning

University of Wisconsin

1025 W Johnson St

Madison Wl 53706

Atter reading Peter Skye's nute in May
1977 BYTL and exchanging correspondence
with him on the subject of 4 high level lang-
uage for personal computing, | am moved to
offer the fallowing comments and sugpes-
tion. | have two fears. My first is that BASIC
may  become for home computing what
FORTRAN is for large computers, an and-
chronism which is the dulacto programming
language. My guarrel with both these lang-
wages derives from the following. They are
vast improvements over Lhe tedium ot pro-
gramming in assembly hanguage. They are
sutficiently  powertul 1o allow most pro-
blems to be solved. They are almost univer-
sy available. Heretn lies their insidious
threat. For all these apparent benelits, the
programmer sull pays an invisibly high cost
in their lack of weli-structured syntax. Pro-
grams cannot be given good clear logicdl
structure as 4n automabic consequence of
the language; only rudimentary mnemonic
naming and fabelling are permitied; and large
amounts of fairly tedious detail must still be
attended to in coding reasonably complex
programs. Ot course, I'm simply restating
the often heard arguments for structured
programming, but 1l is a concepl gaining
rapid widespread acceptance in mainstream
computing.

My second fear is that people who feel
as | odo, that BASIC is simply not good
enough to be enshiined for the next 25
vears, will endeavor to supplant it with

their tavorite programming  language. I'm
not denving the propriety or wtility of
efforts to implement APL or PL{1 or even
good  structured  programming  languages
such as PASCAL. There is room for several
languages in home computing, but | cannot
see any of these “large computer' languages
as the best choice tor a standard home com-
puting language. None of these languages is
without flaws, More importantly, none was
written with the needs and limitations of
home systems and hobbyist programmers
in mind. We must not dllow our preferences
and prejudices to intluence our thinking
aboutl what is appropriate and necessary for
this new computing field,

My suggestion is that a group be formed
for the purpose of defining a suitable per-
sonal computing language. 1 sce this as a
unique opportunity and high moral respon-
sibility, We are actively engaged in deve-
loping a technology that promises to tauch
the lives of millions of people who are as
yel naive to computing. What finer ambition
than to develop o language that is human
oriented, powertul, flexible, and that is
well-suited to the capabilities of home sys-
tems for the forseeable future. We are fortu-
nate that there are years of research into
programming fanguages and 4 vast store of
programming concepts at our dispusal. We
need not fashion a fanguage of dated lang-
uage concepts and practices. We absorb
state ot the art hardware technology as
soon as it is marketed. We should lead
the computing field in readily utilizing
state of the art softwdre technology.

Therefore, | challenge readers of BYTE
to take the lead and place their support
behind such an effort. Here too there are
valuable lessons to be learned from Lhe
successes and  failures of similar ventures
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3. A suggestion: following the ex-
ample of the Communications of the ACM,
unless programs are For specific hardware
tasks, they should be written in a single
“standard™ language. My current choice
would be PASCAL for the tollowing rea-
50NS!

a It has a very strong {precise)
standard. Anyone can purchase a user’s
manual and report from Springer-Verlay
for about $6.

b. There is a strong user’s group
that is international in scope.

¢. The language permits deflinition
of user defined data types. One could add
bytes, bits, etc. Pointers are standard con-
structs in PASCAL,

d. It a standard were expounded,
I'm sure that in short order actual com-
pilers would soon appear.

e. A top down {or recursive de-
scent) compiler for PASCAL is made
easier if the oulput is, in lact, an as-
sembly language source. This outpul can
then be fed to your favorite assembler.
Additionally, by using PASCAL type
switches one could imbed assembler code
directly into the higher level code.

. PASCAL programs would then
be highly portable, enhancing the stan-
dard even more.

Lest vou think PASCAL is my only lang-
uage, | have also used and taught most of
FORTRAN, ALGOL, APL, LI5P, FOCAL,
BASIC, BLISS and SNOBOL (and a litlle
PL/).

| hope this letter stirs the pot a bit.

The only problem with making a highly
desirable standard representation for ptib-
lished programs is the problem of actually
achieving the representations in that form.
Documentation of an adequate ‘‘representa-
tion language " is a necessary first step to a
highly desirable end. A syutax and semantic

checking program (a compiler minus code
generation) would also be maost useful from
a publication's point of view to verify und
correct superficial details of progrums. But
such o stundardisation also requires authors
and designers literate in the language as well,
Would anyone care to make further com-
ments on this subject of adopting u repre-
sentation standard for programs in print’w

What's Wrong with PASCAL,
Mr Skye?

David A Mundie
104B Oakhurst Cir
Charlottesville VA 22903

I am writing in response to the onguing
dialogue in your pages over the choice of a
high level language for microcomputers.

Mr Crone's analogy with English (May
1977 BYTE, page 112) is misguided. Eng-
lish, though archaic, is both beautiful and
well-suited to its purpose; FORTRAN s
neither. His letter conjures up visions of our
grandchildren using dream computers, yel
still struggling with format statements and
amorphous programs simply because we
lacked the courage to junk our outdated
languages as readily as we junk our outdated
machines. They will curse us for it.

I do not design computers, so perhaps
I am missing something, but Mr Skye’s com-
ment on PASCAL (May 1977 BYTE, page
68) puzzlied me. The point is not that
PASCAL does nothing other languages can't
do; the point is rather that PASCAL docs
virtually everything the other languages do,
but starts trom a much simpler set of basic
constructs. | should have thought that sort
of efficiency was just what was needed for
microprocessors.®

Questioning APL

Rich Snodgrass
229 Liano Dr
Portland TX 78374

I greatly enjoyed the August 1977 issue
of BYTL on APL. The articles were well-
done and contained much usehul informa-
tion.

I do wish, however, 1o take issue with
some  of the views expressed by L H

Anthony in the Technical Forum. | became
weary with superlatives such as “one ol the
greatest intellectual achievements ot this
century,” “the teacher ot the century,” and
“computer  languages  scarcely  bear close
comparison with APL." | hear similar com-
parisons every year when Detroit comes oul
with a new model.

Such statements are subjective by nature
and hence a towal matter of opinion. How-
ever Mr Anthony's statement that APL s
the most “general-purpose mental  tool”
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Systems fournal, volume 16, number 1,
and is entitled "An  APL Interpreter
and System for a Small Computer.” The
authors of this paper took a4 full APLSV
interpreter and broke it up into 289 128
word modules which are paged into main
memory ol o System/7. This technigue
should still prove popular among hobbyists
for whom processor costs are overshadowed
by the cost ol large amounts of main
memory.

Sccond, the IBM 5100 doesn't really put
the tull APL language in 16 K, as Mr Luther
indicated. The 16 K to which he refers is the
user workspace, which is available in 16 K
increments up to g maximum of 64 K. T'he
APL interpreter is resident in 108 K bytes
ol read only storage. 1 suspect a commer-
cially available ROM offering of this natute
is still g number of years away.

Lastly, unless we see dramatic changes in
the cost of memory, we are most likely
doomed 1o implementing a4 subset ot APL
in either ROM or a complete version of itin
an overlay  tashion tor those who possess
secondary  storage  devices such as iloppy
disks.®

Programming Ouvickies

A 6800 Program Relocator

Andrew A Carpenter
POB 841
Gordonsville VA 22942

Here is a short program relocator that
may be of interest and use to readers of
BYTL. The program to be relocated must
presently 1eside in memory. Hexadecimal
addresses ADD2 and A003 are set to the
address ot the program. Addiesses A0O4
thiu AOO7 e et to the beginning and
ending addresses of the new location for
the program. This program was written tor
a Sw ITPC 6800 & stem.,

EOCH R, e

1000

1000 B A0 00 LLLX AOOZ
1005 Af O : LUA AQO. X
1005 DA INX

1006 FFF Av ol STX  Au0?
o kR Ol DX AQO4
100C AT 0D STA AV X
INOF BC AL s CEX  AUCE
lull . /700 BEZ 1019
10154 INX

1014 FF A0 34 S“TX  ADO4
Wl Luk s BRA  1uo0
a7k a7

LU 6

YL

UHEFSOLVEDITELS

SYLIBOLS S0ORT ®

Circle 62 on inquiry card.

HAMBRECHT & QUINT
INVESTMENT BANKREHRS
PROVIDING INVESTMENT BANKING,
BROKLRAGI AND RESEARCH COVERAGE
Ol I MERGING
TECHNOLOGICAL COMPANILS

WALL STREET is beginning to recognize
the coming boom in personal computers.
Our Research Department believes  that
PERTEC COMPUTER CORPORATION,
a leading micro computer supplier (MITS
ALTAIR. 1COM) has an exceptionally
bright future.

Call or send tor our Research Report
on PERTIEC

FIAMBRECIHT & QUIIST

Please send me vour Rescarch Report on PERTEC:
Name

Compuny
Address
Citw State Zip

Phone

now open

New Jersey's most compiete store with
microprocessor and NOVA® compatible
minicomputer systems and peripherals,
classroom courses, demonstrations,
software packages, and expert services.

For hobbyists, computer professionals.
and business users. Look for more
details in the December issue of Byte
magazine.

R et e

pelronic
compuler
store

806 Route 17, Ramsey, N.J. 07446.
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PRAMMER

by XYBEK

An extraordinary 2k memory board
for your Altair-bussed computer
On boara 17024 PROM prograrmimesr

256 biyites ot BRAN pius space tor 1792 Liyrtes of read
only memory iseven 1702A t PROGMs]

Supphed  wath one 1702400 pre grogramimed svth
stand alone  progratmmm ng software no o sense
switches are used

Sunpired ot prograrimang power supply

PRANMME B's ovon on bhoard ook makes it corrgaal b
Ath altiost any Al hussed sy stan

AL reart B wtite SEUENCES TE e raied] ey i
Lroarg ot proygrattamed state [ERETA I 1his
elpnmating all one shals

Complete 170248 programuming (v 12 secornds

Inciudes comptete histings tor PRAMSY S an efewen
thuncton development system

COMPLETE KIT:

Assembled and tested:
Pmimie hiate (ot the shelth celivery
Cabitormia resirtents please 3 sales tax
COD, Master Charge Bank Amiero and and Vasa acceptiedd

XYBEK o P.O). Box 49235 o Stanford. CA 94305

Felephone CAUSTE 2008188

OO, O O, OO0 T 0D OO

\“TEHFAC[

TO THE

RE4L -WoR\D

1FiTmoves SYYUUL oicirize ir:

SHAFT ENCODERS
FOR DIRECT MECHANICAL TO DIGITAL
CONVERSION ONLY $49.95

A:D CONVERTER
LETS YOUR COMPUTER USE ANALOG VOLTAGES

COUNTERS
MANY TYPES - - MP. COMPATABLE

SOCKET BOARDS
COMPLETE WITH WIRE WRAP SOCKETS
BUSSES AND BYPASSING. LOW AS $1.00 PER LOC

FRIFE INFORMATIVE APPLICATIONS
BULLETIN AND CATALOG

T PO BOX A109
ECHpical BOERNE TEXAS 78006
enter PRIZE

Orrrrr 0,00 rO000rmr mrO000000m—r [

-hooo_l_ddod—-lcooooo-l-l-lco—!—l—l_ldO—lo—l—lco—loooo-l—l—i
O= =000 00 = ad Q=0 0uUD=UD 2S00 00000 O -
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result of 115 being referenced n another module
as an external symbaol.

Linkable Object Module: An abject module
containing information dentifying external,
internal, and entry point symbols which can be
“linked’’ to other similar modules by the lgader.

Relocation Base: The external symbol whaose
acdress is the base for the relocation of an object
module. The external symbol may represent a
program, data, or common area of memory.

Object Module Format Definition

The object module tormat is an extenston
of the Inte! *thex file™ format, but is not
compatible with that format. The module
consists of a sequential file of ASCIt char-
acters representing the binary data, symbol
and control information required o con-
struct a final program from the module. All
binary bytes within this structure are repre-
sented  as two  ASCIE characters  corres-
ponding to the hexadecimal value of the
byte {eg: 11001001 ~ C9). All ASCII values
are represented by the corresponding ASCII
character (eg: A — A).

Each of the different records within the
madule is indicated by the use of a prompt
character as the first character of the record
{in the tntel format, this is the “:"). The
valid prompt characters are:

Character Meaning

! module identification recard

@ entry point record

= nternal symbol record

kY external symbot and relgcation base

recard
symbol table record
data or program or end of file record

- pe

Every record in the module is terminated
by a one byte binary checksum of all of the
preceding bytes in the recard except for the
prompt character. The checksum is the twa's
complement of the sum of the preceding
bytes. Either output format {two character
binary or one character ASCII) still counts
as only one byte in the checksum (ie: belore
conversion for output).

In addition, each record is preceded by a
carriage return and line feed sequence to
facilitate listing the module on an external
device.

® Module Identification Record (*"!1")

Byte
Number Description
1-2 CR/LF
3 Exctamation point {1} prompt.
4.9 ASCIl module name. [See comments
on length in letter by C A Ogdin.}
10-11 Checksum.



® Entry Point Record (“®")

Byte

Number Description

1-2 CR/LF

3 At sign (@) prompt.

4.5 Number of entry points 1n this record.

6-77 ASC!tl names of entry points, six bytes
per name. The names are left justified
and blank filled.

?? Checksum.

® Internal Symbol Record {*"=)

Byte

Number Description

1-2 CR/LF

3 Pound sign { ¥) prompt.

4-5 Number of internal symbols in this
record.

6-11 ASCII name of internal symbol, left
justified and blank filled.

1213 Relocation base for symbol. The value
of this symbol is refative to the reloca-
1ion base specified.

1417 Symbol value (16 bit).

et The above three fields are repeated for
each internal symbol in the record.

?? Checksum.

® External Symbol and Relocation Base Record
‘n\n)

Byte

Number Description

1-2 CR/LF

3 Backslash {\} prompt.

4.5 Number of external or relocation sym-
bols in this record.

6-11 ASCil name of the symbal, left justs-
fied and blank filled.

12-13 Relocation number assigned to this
symbol in this module. This number Is
unique for each symbol. Ht starts with
one and increases sequentially for each
subsequent external or relocation base
symbol.

1417 Relocation segment size or external

reference flag. If this value 15 zero,
1t represents a reference to a symbo!
defined extermally 1o this module
{usually a subroutine or global data
item). If 11 15 nonzero, then the value
is the size of the relocation segment as

Circle 77 an inquiry card.

IMSAI 8080 $ 57500

With 22 siot MB

STATIC RAM KIT
250 ns; ey O1485.00

——

CHIPS

2708 EPROM
650ns
450ns

$14.00
$18.00
Z-80 CPU  $25.00
Z-80 A $35.00

(607) 273-3271

\L‘fflm’m@ﬂl (FrGpsrcs rr

PO BOX 91

ITHACA, N.Y. 14850

e The Answer Books for the Home Co,,,

D,

ster Hobbyist from dilithia,,,

HOME COMPUTERS: 2'° QUESTIONS & ANSWERS
by Rich Didday

Volume 1: Hardware $7.95
Volume 2: Software $6.95

STEP BY STEP INTRODUCTIONS TO 8080
MICROPROCESSOR SYSTEMS.

by James Melsa & David Cohn $7.95

HOME COMPUTERS: A BEGINNER’S GLOSSARY
AND GUIDE

by Mer| Miller & Charles Sipp! $6.95
8080 MICROPROCESSOR EXPERIMENTS

by Howard Boyet $9.95
BEGINNING BASIC

by Paul Chirlian $6.95

dilithium Press books are ovailable
from your local computer store.
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EXPANDOR'S BLACK BOX PRINTER

$396.

Cover & Base
Optional

$29.95

Shipped ready to connect (o most arny microprocessor

NEW (Not Used) COMPLETE (Not a Kit) 90 DAY GUARANTEE
CHECK THESE OUTSTANDING FEATURES
® RELIABLE  * LOWCOST

* Parallel interface Included © Small, portable 14.5" x 13" x 10"
© Lightweight (11% Ibs)  Complete documentation

© Prints 80 columns wide © Prints 10 characters per second

© 64 Character print set {ASCIi} ® Tractor & pressure feed included
 Easily maintained by user ® Uses standard 8% " paper

® Parts to you or return for service * Regular typewniteriteletype nbbon

EVERYTHING SUPPLIED  JUST CONNECT 10 YOUR PARALLEL PORT
HUNDREDS IN USE

Master Charge  VISA  Chech  Money Order
EXPANDOR, INC.
612 Beatty Road, Box BY, Monroeville, Pa. 1514¢
(412) 373-0300

iDealer Inquires invited)

\

Perhaps you've used software we've
helped produce. Many people have. You
may not even have seen our name when
we've helped produce them, but we were
there.

Maybe you've heard our Music System.
How often have you been delighted with
a software product? Many people are
with our Music System.

We're working on a variety of new
and interesting projects which will
enable you to use your computer
for some of the things you know it
can do for you—with the right
software. We'll let you know about
our products as they’re ready. We
know you’ll like them.

Look for us—we'll be there.

q' SoftwareTechMy

P.O. Box 5260 San Mateo, CA 94402

_/
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??

defined 1n this object module. This
segment can contain either code or
data, and may be located anywhere in
memory by the loader, independent of
any other segment.

The above three fields are repeated for
each symbol contained in this record.

Checksum.

® Symbol Table Record (*"&"’}

Byte
Number

1-2

Description
CR/LF
Ampersand (&) prompt.
The remainder of tnis record is identi-
cal to the internal symbol record. All

symbols defined in this module are
contained in these records.

® Data/Program Record (**;"")

Byte
Number

1-2
3

4.5

6-9

10-11

1213

Description
CR/LF
Semicolon (;) prompt

Number of binary data bytes in this
record. The maximum s 32 binary
bytes (64 bytes of ASCIl represen-
tation). If this value 15 zero, this record
15 a end of file record, described below.

Load address of the data relative to the
specified relocation base.

Relocation base for all relocation in
this record. All relocatable values in
this record are added to the current
value of the specified relocation base
before being put into memory.

Relocation control byte. This byte
controls the relocation of the next
eight bytes in the record (if that many
remain according to the count field).
The bits are used from left to right.
The bits have the following meanings:

0: a single absolute byte mplies
load unmodified.
10: a two byte relocatable value,

least significant byte first im-
plies add the 16 bit value to the
current relocation base, and
load the result least sigmificant
byte first.

110 a three byte reference to a dif-
ferent relocation base. The first
byte 1s the relocation base num-
ber, and the two after that are
the 16 bit value, least sigmficant
byte first. This implies add the
spectfied relocation base to the
16 bit value, and foad the result
least significant byte first.



Note that a two or three byte combin-
ation is never broken across a record

boundary.
14-29 Data hytes controlled as above.
30-77 The above control and data byte com-

hinations are repeated as specified by
the count.

?? Checksum.

® End of File Record {**;"")

Byte

Number Description

1-2 CR/LF

3 Semicolon (;) prompt.

4.5 Zero to indicate end of file record.

6-9 Starting address for module relative to
the specified relocation base. This
address s optionally generated by the
language processor, and may be zero.

10-11 Relocation base for starting address.

1213 Checksum.

Relocation Bases

One of the important capabilites of this
obicct module format is the ability to
specily  multiple relocation bases tor the
module  contents. These relocation bases
may represent ROM versus user program-
mable memory shared common areas, special
memory arcas such as video refresh areas,
cte. Within a module, cach of these reloca-
tion bases is assigned a name, and implicitly,
J 0 osequentially  generated number. The
relocation bases are actually assigned values
at load time, but all memory reterences
within the module are made relative to one
of these bases.

I our of the relocation bases (0 1o 3) have
predefined names and meanings, and are
treated difterently at load time than the
remainder of the bases. Base 0 represents
absolute memory  locations  {ie: 1t always
has the value 0) Base 1 has the name
“PROG.” and represents the program dred
{may be ROM or PROM). Most program
code is generated relative to this relocation
base. Base 2 has the name “.DATA and
represents the local data arcas tor each
module. Most local data is defined relative to
this base. Base 3 has the name “.BLNK.”
and represents the glabal “blank common.”
This relocation base is always assigned the
value ot the first free address in memory
atter the local data storage (DATAL) and
other data relocation segments. Because it is

Ciicle 24 on nqu 1y card

4 (COMPUTALKER) A

7

€r-1

SPIECH

STYNTRESIZER

S-100 BUS

_
CSA 1

SYNTHESIS-BY-RULE
| SOFTWARE

?
SPEAK “KAAMPYUTAOLKER"

MODEL CT-1 SYNTHESIZER 395.00
CSR1 SOFTWARE SYSTEM 35.00
DEMONSTRATION CASSETTE 2.95

CalF PELUENTSALLDE cAkr Tan

NRITE FORINFORMATIVE LWTERATURE

COMPUTALKER CONSULTANTS

(O. BOX 1951, DEPT. B, SANTA MONICA, CA 90406

21 START-AT-HOME
COMPUTER BUSINESSES

in the shoestring, start-at-home
computer business handbook

CONSULTING @PROGRAMMING @SOFTWARE PACKAGES @COM
FREELANCE WRITING @ SEMINARS @ TAPE/DISC CLEANING
FIELD SERVICE @ SYSTEMS HOUSES @ LEASING@SUPPLIES
PUBLISHING® TIME BROKERS @ HARDWARE DISTRIBUTORS
SALES AGENCIES @ HEADHUNTING @ TEMPORARY SERVICES
USED COMPUTERS@® FINDER'S FEES @ SCRAP COMPONENTS
COMPUTER PRODUCTS AND SERVICES FOR THE HOME

Plus - - hundreds of ideas on
moenlighting, going full-time,
image building, revenue building,
biddinyg, contracts, marketing,
professionalism, and much more.
No career planning too! like it
ever published. Order nrow and if
you're not comrpletely satisfied,
send it back within 30 days for
a full and immediate refund.

®8: % I ringbound @113 pp. @512.00

Call 312-945-2940 or mail coupon
L2 2 % ¢ ¢ ¢ ¥ § B ¢ § ¥ § J3 9§ 7§ R _ R J} § R W ]

n H T n s E H n c H TIOWAUKEGAN ROAD - SUITE 108

DEERFIELD. ILLINOIS 60015

Mearpurated

Rush copies ot “"The Shoestring Start-At-Home
Lomputer Business Handbook to re right away -
NAME /COMPANY
ADDRESS
CITY/STATE/Z1IP
DCHECK ENCLOSEDDEANKRHERICARDDHASTERCHARGE
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Tom Pittman

Itty Bitty Computers
POB 23189

San Jose CA 95153

always the last allocated, modules reteren-
cing this area can be loaded in any order,
regardless of the amwount of the area they
use.

Relocation segments relative to bases |

and 2 ((PROG. and .DATA.) are always

It begins to look like we are guing to see
the same diversity in design o! soltware in
the personal computer industry that we have
seen in the hardware design. This remark is
prompted by « document describing Tech-
nical Dusign Labs™ “Relocatable Object
Module Format"™ which | recently had g
chance to examine.

TDL is not the first to promote a relocat-
able format, and you may be sure they will
not be the last. Let me suggest sume reasons.
But first | should remark that the people at
TDL have obviously put a lot of thinking
and work into their format. 1t will serve
them for much soltware, some of which is
clearly still in the future. My personal
impression is that the format tries so hard
to be “efficient” that it has acquired the
distinct flavor of a kluge, but | will admit
that to be a matter of taste and not a matter
of substance.

The problem with the TDL tormat, and
also with the other formats which have come
before, is that it is limited to the relocation
of 16 bit addresses. This may be satisfactory
for relocating jumps and subroutine calls,
but it is quite unworkable for data refer-
ences where the actual address of the refer-
ence must be computed from a relocated
base address plus some computed offset. It is

loaded additively. (ie: After cach module is
foaded, the value of the relocation base is
increased by the size of the segment.) All
other relocation bases are assumed (o have
constant values during the load process and
may be allocated by the loader.m

Comments on the TDL Relocatable Loader Format

true that you can use an LXI instruction
in the 8080 o1 Z80 and do the arithmelic
through the register  accumulator ADD
instructions, but in the 6800 there is no
convenient way o do drithmetic from an
address loaded into the index register with
an immedidate mode. Even worse, the 6502
has no 16 bit register which may be loaded
immediate, and the programmer would be
forced to such subtertuges as defining an
address constant containing  the relocated
address, then using extended addressing 1o
refer to it. Another hazard which does not
affect the 8080 and Z80 is the problem of
relocating base page addresses. So far |
have seen nobody address this problem,
and yet the 6502 is effectively inoperable
without reference to page 00, Are we Lo
continue to force users to laboriously allo-
cate page 00 even after relieving them of
the same drudgery with respect to the rest
of memory?

I should also like to mention two other
problems which have not been addressed,
but which are considerably less severc. One
has to do with the problem of the difference
between two relocated addresses. Most
assemblers do not allow constructs of the
form (LXI B, ALPHA-BETA}, where
ALPHA and BETA are both externals. The

SWTP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOU!

The CIS-30+ allows you to record and playback data using an
ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle!
Your terminal connects to the CIS-3+ which plugs into either the
Control {(MP-C) or Serial {MP-S} Interface of your SWTP 6800
Computer. The CIS-30+ uses the self clocking ‘Kansas City’/Biphase
Standard. The CIS-30+ is the FASTEST, MOST RELIABLE CAS-
SETTE 1/0 you can buy for your SWTP 6800 Computer,

THRMINAL

LoCay ALIG
T W e A0
A : ’
1200 (INE an
PEHIM Cimros

Kit — $69.95*
Assembled — $89.95*

PerCom has a Cassette |/O for your computer!
Call or Write for complete specifications

PerCom Data Co.

)
pER GUM P.O. Box 40598 - Garland, Texas 75042 + (274) 276-1968
J PerCom - ’peripherals for personal computing’
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{manual included)
* plus 5% f/shipping
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I mucrocomputer producty

2708
8K TMS 2716
16K EPROM/RAM

VERSATILITY o indt.viduat Addressing » Shadow atternates ROM with RAM e External
HAM grsabre o Ophional 'K on board RAM » S100 compalible e Power-on jump or
tnatstrgp capatil tv e A gntkets ncluded

MR 8 KIT For 2708 99.50
MRS T KT FOR TMS 2716 99 50

FRROMnown notine ted

FIRMWARE * 2« Momuiter Ut ity © Supports Tarbell cassette, papet lape  Now
avalatle for SI0 M 3PS SIN2

MM 2K (two 2708 type EPROMS) 79 50
MM 2T tane TMS 2716 EPROM; 74.50

EPROMS = Prine ‘yll specihicaton e programming avarable

2708 tvpe 1024 x 8 30 00
TMS 2716 2048 x 8 5500
MICRODESIGN

679.-1 S. State College Blvd., Fullerton CA 92631
(714) 870-9860
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< FINALLY, A
r\—ﬁi}\ \ TELEPHONE
'ij- . WITH BYTE

CGOCGLCaED (“

6800 AUTOMATIC TELEPHONE DIALER
PROGRAM ......... cereean $9.95 postpaid
Have vour 6800 svstem dial vour phone o Uses
onh 5 external components @ Stores 650 variable
length phone numbers ® Operates in less than 1k
bytes ot memory

Includes: Paper tape in AMikbug” format and ob-
ject code ® Circuit diagram and instructions
¢ Instructions tor adapting to other 6800 systems

6800 TELEPHONE ANSWERING DEVICE
PROGRAM .......... «eso-. $4.95 postpaid
Have vour 6800 system answer vour phone and
record messages automatically. Compatible with
any 6800 system.

Includes: Assemblyv listing and object code o Cir-
cuitdiagram and instructions

Write to: SOFTWARE EXCHANGE
2681 PETERBORO
W. BLOOMEFIELD, MICH. 48033

Mikbup ™ s a regaetered trademark of Motorola Ing

& )3.9.9333333.:.9.9.9.9.)333 S0
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in explanation, striving to impress upon the
reader the hows and whys ol current day
symbolic language definition and execution.
Dr Lee places a great deal of emphasis upon
the differences between compilers and inter-
preters by emphasizing that compilers pro-
duce separate code (object code) that is
executed after the compilation phase ot
execution is  finished; but interpreters
exccute the source code on a line by line
basis which may not be optimal in terms of
processor time. Compilers, as contrasted
with interpreters, output object code to
some intermediate storage medium tor later
execution. This means that execution of
compiled programs is often more efficient,
in terms of processor time, than interpretive
exccution each time the program is run.
However, source code errors are more
difficult to correct in compilers than similar
errors in interpreters because there may not
be a clear relationship between compiled
object code and the original source code.
Interpreters, on the other hand, by virtue
of their line by line execution characteristic,
retain a definite relationship between object
code and source code. This simplifies the
debugging of source code. As a result of
these considerations, we may lind an in-
creasing interest in compilers among com-
puter hobbyists as high speed mass storage
devices become less expensive.

Dr Lee also discusses, in great detail,
lexical analysis and syntactical analysis. He
explains that lexical analysis serves to re-
move redundancy, condense statements and
delimit phrases from the source code. Syn-
tactical analysis serves to recognize phrases,
parse statements and generale parsed text.
After discussing symbol tables which are
used by the compiler to reference symbols
from the source code, he covers string
manipuiation and Polish string conversions
in great depth. Program control also receives
thorough treatment.

Throughout the book Dr Lee draws pro-
fusely upon examples of actual implemen-
tations of the techniques he describes.
Examples are taken from ALGOL, APL,
BASIC, FORTRAN, PL/I, and other lang-
uages, thercby avoiding the trap of pro-
ducing a one language book. Also, much to
the author’s credit, the book is profuscly
illustrated with flowcharts illustrating  the
algorithms described. In summuary, Dr Lee's
book is clear, readable and certainly usetul
to the serious home computerist. Its wealth
of practical information should be welcome
to any computerist’s bookshelf.

Michael E Sullivan
OZ Division USS Saratoga {CV-60)
FPO NY 09501®
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Listing 1: Most of the lunar landing games |
have seen are not flexible enough to runm g
two degree of freedom real time simulation
as described in this article, so | have included
this listing. At each initiglization, this
program finds @ random sef of starting
conditions (speed, position, muss, etc) that is
consistent with a safe landing. It then keeps
track of speed, position and fuel con-
sumption, printing them as required, and
indicating when the surface has been
reached. The folfowing adjustments will have
to be made by each user:

1. Function USR{X) must be provided to
return the current desired thrust
settings, Q to 100% in the vertical
direction, and - 100 to +[00% in the
horizontal direction. These inputs are
best achieved by analog to digital con-
version from joysticks or slide pots.

2. The step size und print intenval must

be adjusted for your system clock and

peripheral speed in order to simulate
real time operation uccurately.

Function RND(1.) is assumed by the

program to return valtues between 0.

and 1. Alterations may be necessary

to suit your version of BASIC.

The comments printed by the program

have defiberately been kept short. A

better yame could be fashioned by

adding instructions, comuments on
performance, low fuel warning, etc.

In other words, customize the simula-

tion to suit your own tastes.

Ly

=

program should check for end conditions
and, if none are found, begin another step.
The speed of a computer makes it
possible to find results quickly for times far
into the future, even if the step size is guite
small. This is fortunate, because 4s our simu-
lation stands now, an crror is introduced at
cach step that becomes worse as the step
size  becomes  larger. The crror occurs
because in a real LEM the mass and speed
are changing all the time, but in our simula-
tion they can be changed only between
steps. A wvariety  of numerical methods
have been developed to cope with this
problem. In our example, simply using
the average ol the beginning and ending
values in each step would be guite etfective.
Actually, it the step size is small, say 0.01
seconds, even this is not necessary. bt is true
that by using the average values the program
could be made to run laster, but it would
also need to store several extra variables,
require more lines of code, and use more
memory. Obviously, there are trade-offs to

010 REM | UNAR LANDING SIMULATION
020 REMSET FUEL SAFETY FACTOR

025 REM ADJUST TQ CONTROL DIFFICULTY
030 LETS 13

040 REWM SET STEP SIZE AND PRINT INTERVAL.
050 LETD GO

060 LETK 10

5670 REM SET GRAVITY ACCELLERATION
080 LETG 162

090 RANDOMIZE

100 REM SET NEW STARTING CONDITIONS
110 LET M 1024 -1024 "RND{1 )

115 PRINT 'LEM MASS "M

120 LETF G"M*(4 4 "RND(1 1)

130 PRINT “MAX THRUST 'F

140 LET A 1333*F/M G

156 LFT Y F:M764 "RND(L )

160 LETU O

170 LETY V77242 "AY (L -RND(L §)

180 LETX V

182 REM V IS VERTICAL SPEED

184 REN U IS HORIZONTAL SPEED

186 REMY IS VERTICAL POSITION

188 REM X IS HORIZONTAL POSITION
196 REM HALF OF MASS IF FUEL

192 REMM P IS FUEL REMAINING

200 LETP M2

210 REM FIND FUEL BURN RATE. |

220 LET I {(27Y-V""2/G)(l »AiG)

230 LET! PASQR(IVA)TFTS)

240 PRINT “ALTITUDE, SPEED FUEL. RANGE"
250 REM BEGIN DECENT CALCULATIONS
260 PRINTY VM P X

270 LETT O

280 1F M P THEN 360

285 RFM GET VERTICAL THRUST

290 LET A USR{! }'F:100

300 REM GET HORIZONTAL THRUST

305 LETB USR(2)'F100

310 LETM M (A+B)'1'D

320 IF M -P THEN 2360

330 PRINT “FUEL EXHAUSTED”

340 LETA O

342 LETR O

350 LETM P

358 REMPREDICTNEWU V XY

B0 LETV V-DYG AN

370 LETU U-D'B/M

280 LETY Y V'D

390 LETX X U'D

395 KEM TEST FOR END CONDITICONS
400 IF Y- 4 THEN 440

A0 T T-D

420 [F T 'K THEN 260

430 GOTO 290

440 PRINT "MODULE HAS LANDED”

450 PRINT "SPEED "V

460 PRINT "RANGE "X

470 IF V- & THEN 500

430 PRINT "BETTER LUCK NEXT TIME
490 GOTO 110

500 IF X- 126 THEN 530

510 PRINT “ITS A LONG WALK TO BASE"
520 GOTO 110

530 PRINT 'CONGRATULATIONS, GOOD LANDING™
540 GOTO 110

550 END

be made among speed, accuracy, complexily
and size. In each simulation, the programmer
must decide which combination is best.

For our games application, the combina-
tion is not critical. A high degree of accuracy
is not required, and the program is short
enough that memory requirements should
not be a problem. The selection of speed,
however, presents an  opportunity  thal
is unique to the user of a dedicated system.
With a little trial and error, it should be
possible to find the step size which causes
your system 1o take exactly 1 second to
calculate and display the speed and position
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BUSINESS APPLICATION SOFTWARE

MINI WORD PROCESSING (MWPj enables the
user to prepare letters, text and mailing labels or
vrvelupes When used tor correspondence pro
cessing, MWPE allows each entry in the name
address tile to be described by a number of group
cnddees and document codes bor example  an
entry could be group coded by date and inquiry
e Bhrases, paragraphs or pages can be spe-
bied s document codes to produce an mdivi-
duabized lotter tor each name address MWE
provides an hine editing and page or phrase i
sertinns durtng text generation The letter and
teat output modules provide text ansert or re

An interactive generator allows the user to detine
a customzed sort merge program tor each tash
NMultiple sort merge tashs can run unattended
with user detined job stream hinks 1eg sort 12
tiles merge themn with another sorted hile and
Lk 1o your repott progcamd SMemnoey and dish
sprace date managed by the system o maimmage
processing Uime

UNIVERSAL DATA ENTRY (L DE 1 system inter
acts with the operator to generate custom hey -
to disk modules  User detined displavs provide

tll i the blanks © simphaty Vahdation pro
tedures such as chedk digits value tables range

L DF modules can be generated tor any apphca-
tron that requires keved input

The aboyve systems are extremely easy to use and
invlude caretully created prompts and error re-
conery wellwritten yser manuals with varied ex
amples and extensively documented  pragrams
with detatled remarks Fach of these systems s
prced ot $195 0 The programs are supplied on
diskette and run under MITS Disk | atended
BASIC See your compiater dedler or contact us

THE SOFTWARE STORE

placement margin control and page numberning

tests

hatch totals and record counts improve

DISK SORT ~upports tixed or varnable length  data quality Selectable held duplicate or incre
sequential hiles of any size and will sort or merge  ment ehonnate repetitive entries UDE supports

an o amny number of kevs amywhere in the record  Tived or varable length disk tiles Speaalized Master € harge

T06 Chipprewa Squdre
NMarquette M 1R
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I sccond into the future. One muachine
might do 100 steps of 0.01 seconds and then
print the speed, etc. Another might do 64
steps of 0.015625 seconds betore displaying
new results.  Still  another, with  slow
peripherals, might output speed and position
only once every 2 or 3 seconds. In any case,
as long as the simulated data appears at
the same time that real data would, your
system will be said to be running a real time
simulation. A real time lunar lander game
gives you exactly the same time to react as
would be given a real excursion module
pilot.

To help you implement this idea on your
own system, 4 BASIC language program has
been included with this article as listing 1.
It should be casy to follow, but a few points
are worth explaining. At cach step the pro-
gram will need to obtain the thrust settings.
This is done through 4 function called USR.
Because systems difter widely, the content
of USR is left to you. Sume systems will be
able to use a register to hold the thrust;
others will access memory location; and
some may hdave to query an input port. Also
left to the user is the manner in which the
thrust settings are updated. Obviously, they
cannot be entered at the keyboard for each

0.01 second step. The keyboard could be
used wvia an inlerrupt routine however.
Ideally, you could implement Thomas
Buschbuach’s joystick interface (March 1977
BYTE, page 88) to allow continuous control
of thrust in both degrees of freedom. What
began as 4 simple game will now have
become a real time lunar landing simulator
requiring quick thinking and a good bit of
practice to master.

If you use this idea then my article will
have succeeded in its purpose of introducing
some of the basic concepts of simulation.
Technigues  like  sepdrating  the problem
into degrees of Ireedom, determining the
effect of cach force separately, and stepping
the simulation into the future are all
fundamental to any prediction of motion.
The differences between this lunar lander
game and the complex simulations used in
the space program lie in the way forces
are  determined and in  the numerical
methods used to calculate speed and posi-
tion. In future articles, other applications
for simulation on microcomputers will be
discussed as a means for demonstrating some
of those advanced techniques. For now,
try applying the ideas presented here to
create a game of your own.m

6800 REFERENCE GUIDE

ductivity.

FOR PROFESSIONAL AND HOBBYIST

The TOOL you have been waiting for. A 6800 Reference Data Guide (similar to the |BM green card)
containing just about every piece of pertinent information that you are currently spending valuable
time searching for. The guide saves TIME, EFFORT and WORK SPACE when programming. debug-
ging and utilizing the 6800 system.

Inciuded are INSTRUCTIONS, SPECIAL OPERATIONS, HEXADECIMAL/DECIMAL CONVERSION

TABLES. code translation tables for MACHINE CODES/MNEMONICS/ASCII/HOLLERITH/BI-
NARY, 6800 MPU. 6820 PIA, 6850 ACIA and almost everything else that will increase your pro-
TRY IT, YOU'LL LOVE IT.

Send $4.95 plus 35¢ shipping and handling to:

MICRO AIDS, P.0O. Box 1672, St. Louis, Missouri 63011
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GRAPLing with APL

William Leler sent us the folfowing letter
detailing his thoughts about APL  and
GRAPL. The latter is u new fanguage Mr
Leler is currently helping to develop.

I have used APL professionally for many
years, implementing such things as Jay
Forrester's simulation of the world and a
graphics animation package with which |
have produced several movies. Bul therc are
many severe limitations to APL, some of
which become critical on small systems
like the typical microcomputer. A few of
these are:

® All arrays in APL must be homogeneous,
ic: all elements must be of the same type.
Since APL does not allow data structures
(like PL/I or COBOL}, it is somelimes
difficult to define variables that are con-
venient to manipulate. This results in
more computer time being spent getting
the data into an array for 4 simple APL
matrix multiply than the time required Lo
actually perform the multiply.

® APL simulates operations in parallel so

well that there are no constructs for oper-
ations serially (such as a looping con-
struct). This leads to much wasted com-
putation (ie: testing all clements of 4
character vector o sce it they are equal
to a space when all you really want to do
is find the first nonblank character). This
may not mecan much on, say, the IBM
370, but it slows 4 microcomputer down.

® APL is terrible for datasel management.
® APL has no interrupt action other than

the ability to break to the terminal user.
This requires explicit tests to be included
for such things as zero divides, etc. There
have been patches for this, but they are
hard to use.

® Since APL creates and destroys large
arrays frequently and at random, storage
mdnagement must be done with some
sort of free space list {which cals up
storage) and a garbage collector with full
compaction of free space (which really
edts up time). This means that, while on a
large system most FORTRAN o PL/I
programs will completely fit in 128 K,
an APL program is given {(normally) 64 K
bytes just for data and a symbol! table,
nol to mention the space occupied by the
APL system.

® Almost no translation can be performed
on APL code. Every time a variable name
is encountered, it must be looked up in
the symbol table. A lot of wasteful data
checking must be done before the simp-
lest operation can be performed.

¢ Character handling in APL is clumsy and
difficult to code. Only with great effort
can APL code be made self-dacumenting.
Trying to decipher old code {even my
own) quickly leads to the funmy farm.

But APL has many great features, several
of which | wish would be available on a
microcomputer. | have found many of these
features in 4 language called GRAPL.
GRAPL at first looks similar to APL, but
there are changes and improvements, far too
many to list here. But just to begin:

® GRAPL uses symbolic operators {like
APL), but GRAPL uses the standard
ASCII character set with no overstrikes.
The large set of operators is derived by
allowing two character operators.

® APL execution is trom right to left;
GRAPL is from left to right. No oper-
ators have precedence over others.

® GRAPL is block structured like ALGOL,
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which allows a simple and efficient
stacked storage management scheme.

® GRAPL oprograms are just character
strings, so, like LISP, code can be written
by other programs and executed. This
technique is extremely powerful in
GRAPL, because much of the GRAPL
system is written in GRAPL to aliow user
madification. For example, in APL, all
function editing is done by special func-
tion cditing routines in a special function
definition mode. Editing must be done a
ling at a time. Thus, simple tasks, such as
changing all accurrences of Lthe name A to
the name B, are made very time-con-
suming. In GRAPL, the function editing
routines are written in GRAPL so that
they are easily modified or rewritten to
suit the user’s tastes.

® GRAPL has somme pattern malching
similar to SNOBOL4, which makes tasks
such as program editing a lot simpler.

® GRAPL has a nice set of data types
ranging from bit strings to integers to
real numbers to three-dimensional points
and lines. Needless Lo say, GRAPL is
very good at computer graphics.

® As well as looping construct, therc is a
construct similar to a KEIL structure

useful for computer aided instruction
and other dialog.

® GRAPL programs are completely free
form and, as in the case of FORTRAN,
spaces are ignored. This allows programs
to be formatted to make reading easier,
or allows code to be compressed for
efficient storage.

® When a program is executed, it is par-
tially compiled and then executed inter-
pretively. This is one of the fastest
methods of execution.

® Errors are handled either by the user or
by interrupt routines. Interrupts can be
signaled in code or with a timer to allow
for such things as concurrent processing
and 10, or a limited form of multitasking.

® GRAPL retains the interactiveness of
APL.

| have been involved in the formal defini-
tion of GRAPL and its implementation on
an IBM 370 for a year now, and am begin-
ning a Z-80 version which | hope will fit in
24 K bytes of memory (including some
space for user’s programs). GRAPL should
prove to be not just a pacifier for people
who want APL, but a distinct improvement
with more general applications. m

All Prime Quality — New Parts Only

Lowest Prices — Satisfaction Guaranteed

Pin spacing}. Double Read out,

Imsai Guides only $ 30/pr Spr % .25/pr

When ordering: specify type of contact. 5 sets

EDGE CARD CONNECTORS: 25 PIN SUBMINIATURE CONNECTORS:
Bifurcated Contacts. Not tin. Gold over nickel. 50/100 Pin (.100 Goid Plated Contacts.

DB25P Plug $3.10 ea $2.95 ea
50/100 Altair Type — Dip Solder Pins $4.25ea 5Spcs $4.00 ea DB25S Socket $3.90 ea $3.75 ea
50/100 Imsai Type — Dip Solder Pins $4.25ea 5pcs $4.00 ea DBS1212-1 Hood (grey) $1.50 ea $1.30 ea
50/100 Imsai Type with Guides $450ea 5pcs $4.25ea8 DBS1226-1A Hood (black) $1.80 ea $1.60ea

SAVE:
All other contacts available: Solder Eyelet, Wire Wrap, etc. AN gold. Buy a complete set:
Many other types available: 10/20, 15/30, 18/36, etc. 1 Plug, 1 Socket, 1 Hood (any) $8.00/set

$7.50/set

2708 1KX8 PROM 8080A — PRIME
$2295ea $18.00ea
5 pcs or more $21.50 ea S5pcs $17.00 ea

Write for larger quantity discounts.

Dealers welcome.

Minimum order $10.00: Add $1.00 for shipping and  handling. When ordering:
Orders over 325.00: We payv the shipping: Calif. residents add 6% tax. State method of shipment:
No COD’s: For immediate shipment send money order or cashier's check. Muil  or UPS.

ORDER FROM:

Beckian Enterprises
P.O. Box 3089 Simi, Calif. 93063
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master charge

MICROCOMPUTER

SUPPORT DEVICES

8212 4.00
B214 12.895
8216 5.25
8224 6.00
8228 9.25
8238 8.20
8251 12.00
8253 28.00
8255 12.00
8257 22.00
B259 22.00

6800 SUPPORT

6810P
6820P
6828P
6834P
68b0P
6852P
6860P
6862P
6880P

280
SUPPORT DEVICES

3881 15 95
3882 15.95

F-8 SUPPORT DEVICES

3851 14.95
3852 14.95

6.00
8.00
9.60
21.95
12.00
17 00
15.00
18 00
2.70

FLOPPY
DISC CONTROLLER

PD3720 65.00
1771 69.95

DYNAMIC RAMS

414D (16P)
1103 (16P)
2104 (16P)
21078 (22P)
21078.4 (22P)
TMS4050 (18P)
TMS4060 (22°P)
4096 (16P)
MM5262 (22P)
MM&270 (18P)
MMS5280 (22P)

STATIC RAMS

31L0

91L11A
S1L12A

1101A

21

2102 (110S)
2102 1 (5.00NS}
ZM1A-4

2112A 4
25018

3107

"4200A (250NS)
4100 (200NS)
*4804

5101

74C89

745201
91L02A

7489

8225

8599

82509
*Limited supply.

5.80
1.50
6.50
4.50
4.00
450
4.50

MISC OTHER

COMPONENTS

NHOQ25CN
NHO026CN
NET20
NB26
N8T97
74367
DMB0OSB
1488

1489

3205
D-3207A
€-3404
P-3408A
P-4201
MM-5320
MM-5369
OM-8130
DM-8131
DM-8831
DM-8833
Dhi-8835
SMN74L.5367
SN74L5368

SHIFT REGISTERS

DYNAMIC

1404AN

2405

2505K

SHIFT REGISTERS
STATIC

MM506 .89
2509K 1.00

USRT

$-2380

IM-6403
TMS.6011 (T}
TR-1602A (WD)

1.75
3.00
4.00
3.25
1.45
1.00
1.00
1.95

3.00
4.95
3.00

UARTS

AY5.1013
AY5-1014A

1.95
8.20
2.50
3.95
6.75
4.95
750
2.00
3.00
250
2.50
2.50
250
1.00
1.00

25188 3.95
2533V 2.00
TMS3002 1.00
TMS3112 3.95
MM5058

CHARACTER

GENERATORS

2513

2513

3257
MCMB571
MCMBE571A
MCME572
MCME581

FIFO

33414
2812-D

675
1185

KEYBOARD CHiPS

AY5.2376 14.95
AY5-3600 14.95

TV GAME CHIPS
TMS 1955 (6 Games)

WAVEFORM
GENERATOR

MICROPROCESSOR'S

10 95
AYSS B500 (6 Games)

8038
MC4024

F-8

Z B0

Z BOA
CcDP18020C
AMZ901
6502

6800

80081
8080A
80808

19.85
36 95

10 95 566

49.95
29.50
22 85
24.95
24.95

B.75
15.9%
16.95

PROM'S
500
7.00
2000
24 00
75 00
150
700

1702A
1702AL
2704
2708
2716
3601
520340

5204AQ
6834
6834-1
825238
8251298
82238

-
IMSAI/ALTAIR s 100 COMPATIBLE

JADEZ 80

—with PROVISIONS for
ONBOARD 2708 and POWER ON JUMP

$135.00 EA.

KIT

A IDE CO

. Electronics for the Hobbyst and Experimenter

5351 WEST 144th STREET
LAWNDALE, CALIFORNIA 90260

{213) 679-3313

Discounts avarlable at QEM quantities. Add $1 25
for stupping California residents add 6% sales tax.

Forcus 78 ronpory coned

Assembled & Teste

8K STATIC RAM BOARD
250ns. 209.95
3350ns. 19995
450ns. $189.95

WILL WORK WITH NO FRONT PANEL
FULL DOCUMENTATION

FULLY BUFFERED

S100 DESIGN

ADEQUATELY BYPASSED

LOW POWER SCHOTTKY SUPPQORT IC'S

KIT
250ns.
350ns.
450ns.

$169.95

149.95
139.95
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The first complete, lw-cost microcdmputer

¥

A

system for business, home or education
R adio ShaCk TRS ‘80 The computer that helps a small business think big —

and grow bigger. The TRS-80 can greatly reduce the time
you spend on payroll, accounting, inventory control and

cassette
recorder

~ Clip and Mail Coupon Today!

Mail to: Radio Shack, Dept. TRS-80
205 N.W. 7th St., Ft. Worth, TX 76101
Send me more data on the TRS-80 microcomputer

-
|

|

|

| ® Description of applications, software and peripherals
| available through Radio Shack ® Owners' newsletter
| ® Price list ® List of stocking stores and dealers

I

I

|

|

-

NAME APT NO
ADDRESS

Includes other clerical tasks. So you have more time for clients or
CPU. customers. You don't have to be an expert in

:::‘y’::;:’d programming or electronics, because the TRS-80 is not a
display, kit —it's wired, tested, U.L. listed, ready to use. The
power Z80-based system comes with 4K read/write memory and
supply. Radio Shack Level-I BASIC" stored in read-only memory.

Memory expandable to 62K bytes. With programming
instructions and ready for an expanding selection of
prepared programs on cassettes. Designed and built in
the USA by Radio Shack. Just 599.95!

SOLD ONLY WHERE YOU SEE THIS SIGN:

Radio fhaek

A TANDY COMPANY « FORT WORTH, TEXAS 76102
OVER 6000 LOCATIONS IN NINE COUNTRIES

Circle 120 on inquiry card.

Price may vary at individual stores and dealers
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