$2 00 in USA

VOLUME 3, Number 11

NOVEMBER 1978

$2.40 in CANADA

nal

, ms jout

Ssvyvste

stmall

the












http:COMl'VltlU.NI



http:Chica.so
http:E.,nsh.1w
http:H.ayw.rd

About the Cover

This month’s cover by artist Ken
Lodding emphasizes the personal com-
puting potential of the OSCAR
amateur radio satellites described in
Joe Kasser’s article on page 48. When
Ken isn’t doing technology-related art
work, he helps design and implement
experimental systems for Digital
Equipment Corp in Merrimack NH.

One of the basic building blocks of
any computer chess playing program is
the exchange evaluator. Authors Dan
and Kathe Sprackien describe the
exchange evaluator wused in their
Sargon program in An Exchange
Evaluator for Computer Chess.

page 16

Taylor series expansions are not
necessarily the best polynomial ap-
proximations for many functions.
Fred R Ruckdeschel describes sevcral
minimax and rational polynomial
approximations for some common
functions in  Functional Approxi-
mations. A method for creating poly-
nomial approximations for micro-
computers using mathematical tables
and large system statistical routines
is also discussed. page 34

One method of connecting com-
puters into a communications net-
work is by VHF radio stations. To
ease some of the physical difficulties
encountered with this arrangement, a
satellite can be introduced into the
system, and then, as Joe Kasser says,
The Sky’s the Limit for personal
computer users. page 48

One theme of this issue is VHF
communication among computers to
produce a network. There are other
types of networks which are available
to computer users. One of these uses
a Distributed Network, which is de-
scribed by Glen R Horton. page 62
Ciarcia’s Circuit Cellar turns to
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melodrama this month as Steve and
Lloyd are confronted by a mysteri-
ous stranger. All ends happily, how-
ever, with the aid of a computer
controlled stepper motor driven infra-
red and visible light scanner. Read I've
Got You in My Scanner! page 76

One of the more fascinating uses
of a computer, teaching courses, is
frequently known as computer assisted
instruction. George A Gerhold de-
scribes one group of people that is
actively involved in implementing
Computer Assisted Instruction on a
Microcomputer. page 90

As part of the never ending struggle
for truth, beauty and the ultimate in
high level languages, David Wilson
provides readers with a Llanguages
Forum proposal, Defining a Language:
PL/B, a combination of some of the
features of a high level language like
BASIC with access to assembly lan-
guage details when necessary. page 700

Controlling a physical system s
a natural for the microprocessor:
parameters can often be changed
in a matter of seconds in software
without any mechanical changes to
the system. A simple airflow control
system is described in Garnet L
Hill’s article, A Classroom Demon-
stration: Controlling a System with
a Microcomputer. page 112

The VHF communication network
already in existence provides a readily
available communication network for
the computer experimenter. R E Brun-
inga describes one system which is up

and running in his article A Multiuser
Data Network. page 120

A home computer system can be
used for communication among many
people. This month Ward Christensen
and Randy Suess describe their imple-
mentation of a Hobbyist Computer-
ized Bulletin Board. page 150

For people who are just being intro-
duced to the world of micropro-
cessors, the first steps can seem con-
fusing. For a description of one device
which can aid the introduction read
W N Hubin’s review of the Heath
Microprocessor Training System.

page 158

Craig Anderton’s simple circuit
described in A Cassette Interface
Switching Box for the TRS-80 shows
you how to operate the cassette re-
corder manually and monitor tapes
while they are being read in without
having to unplug any cables.  page 760

This month we continue the series
Creating a Chess Player by Peter W
Frey and Larry R Atkin with the first
half of Chess 0.5, a program written in
Pascal by Larry Atkin, who is co-
author with David Slate of the world
championship computer chess pro-
gram, Chess 4.6. page 162

In this issue, Kin-Man Chung and
Herbert Yuen conclude their series of
articles on A “Tiny” Pascal Compiler
with a discussion of a p-code (pseudo-
code) to 8080 code conversion pro-
gram and the needed runtime routines.

page 182
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By Carl Helmers

Editors. This is a word of multiple de-
finitions. One definition is implicit in the job
description of myself and my associates at
BYTE. Another definition is that applied to
a class of utility programs which every
BYTE reader’s computer system has in some
form or another. It is this latter definition
which provides the subject for this editorial.

What is often ignored is the fact that
editor programs make an excellent form of
software project, less complex than an
interpreter or a compiler, but of sufficient
magnitude to be interesting and educational.
The problems and characteristics of editors
are analogous to those of compilers and
interpreters, especially when viewed as tools
of software development. Just as compilers
beget better compilers, editors can be used
to edit better editors.

On the Virtues of Writing Editors
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Software projects are some of the most
exciting avocational applications of personal
computers, applications which emphasize
computing as an art form and means of
expression of personal tastes. This editorial
on the philosophy of software projects in
general and text editing in particular was
inspired by recent completion of a text
editor begun as a spare time project in March
of this year. Five months and many evening
and weekend hours later it is now mid
August and the editor program is working
sufficiently well to serve as the primary
monitor program and software tool of my
homebrew computer system.

Why Write an Editor Program?

vere are alternatives to do-it-yourself.
In the usual case of purchasing a commercial
system from a computer store, an editor
program is built into the systems software
of the computer. The present day tech-
nology of self-contained desktop computers
with read only memory systems software
(BASIC interpreters) invariably includes
primitive line oriented editors built into the
computer.

On computers which have assemblers plus
high level language facilities like Pascal, C,
FORTRAN or COBOL or brand X, one or
more forms of more useful text editing pro-
grams may be available in order to prepare
source language files. This is the configu-
ration found in the typical $3000+ personal
microcomputer or $10,000+ commerical
minicomputer system.

Even hardware homebrewers do not
necessarily have to start completely from
scratch with editor software. Often a micro-
processor chosen for a homebrew system has
a software package which can be purchased
from one of a number of software vendors.
And in the newer processor designs like the
Motorola 6809, complete dynamic relocat-
ability of code allows systems software to be
sold in address space position independent
read only memory chip sets which home-
brewers can expect to have access to over
the next few years.

But to do-it-yourself is one of the princi-
ple reasons why people get involved in
intricate avocational pursuits. Why does the
amateur wine maker inject yeast into juice
and wait for the results when Napa Valley
and its industries exist? Why does the ama-
teur pilot learn to fly when professional
transportation options are available from
the largest airline to the smallest air taxi
service? Why make your own astronomical
telescope when there exists such a perfec-
tion as Questar? And similarly in computers,
why make your own text editor, compiler
or computer when so many options exist
in the marketplace? On a practical or short
term basis there is no visible advantage to
engaging in such pursuits. But on a long-
term scale of personal development, ac-
tively applying one's mi.  and energy is
always rewarding.

What Was Needed?

With this spirit ( nd a secondary purpose
of improved systems software in mind, |
proceeded to think about writing an editor
program. What is required in a personal
computer system to engage in a project of
this complexity? The requirements are
essentially identical to the requirements for
programming any arbitrary application of
the personal computer, from electronic
music systems to sophisticated information
storage and retrieval systems: tools. Soft-
ware tools are eded in order to create
more software, and software tools pre-
suppose a certain hardware basis.

The hardware components needed for a
useful system are available right now from a

Continued on page 68









Sol.

that won't
fence youiin.

A lot of semantic nonsense is
being tossed around by some of the
makers of so-called “personal”
computers. To hear them tellit, an
investment of a few hundred
dollars will give you a computer to
run your small business, do a
great amount of financial planning,
analyze a host of data in the
engineering or scientific lab and
when day is done play games
by the hour.

Well, the games part is true.
The rest of the claims should be
taken with a grain of salt. All of
the personal computers will help
you learn about computers and
how they work in general and the
kinds of things they can do for
you. Only a few have the capacity
to grow and handle meaningful
work in a veryreal sense. And they
don't come for peanuts.

Remember, there's no
free lunch.

So before you buy any personal
computer, consider Sol the small
computer. Consider it because it
costs more at the start so in the
end it costs less. Consider it because
it can grow with the complexity
of the tasks you ask it to perform
and grow with your ability to
use it. No, it’s not cheap. But it’s
not a delusion either.

From the very beginning, Sol
small computer systems were
designed to be at the very top of the
microcomputer spectrum. We
designed them so you wouldn’t have
to add costly extras to do many
jobs. We designed them so you could
add quality peripherals and more
memory to take care of more
complex tasks. We designed them

Circle 305 on inquiry card.

to use the best fully supported
disk operatingsystem on the market
today, PTDOS, which we also
designed. We designedthem to use
our Helios II mass memory. And
for Sol small computer systems we
designed new and adapted existing
software to give you the choice of
the best on the market today.

Build computer power
with our software.

No system is complete without
software, and at Processor
Technology we have tailored a
group of high level languages,
and assembler and other packages
to suit the wide capabilities of
our hardware.

Take a look at our exclusive
Extended BASIC as an example. In
cassette form, this BASIC features
string and advanced file handling,
special screen commands, timed
input, complete matrix, logarithmic
and trigonometric functions,

8 digit precision and square root.
The language handles serial
access files, provides tape rewind
and offers cursor control for
graphics capability.

The disk version has all the
number crunching talents of the
cassette BASIC plus instant
access to data and programs on
floppy disks. It includes
random as well as sequential files
and a unique ability to update
sequential data in place.

Processor Technology FORTRAN
is similar to FORTRAN IV and
has a full set of extensions designed
for the “stand alone” computer
environment. Thousands of special
application programs available
through books and periodicals have

The small computer

already been written in this well
established language.

Processor Technology PILOT is
an excellent language for teachers.
It is a string-oriented language
designed expressly for interactive
applications such as programmed
instruction, drill and testing.

No wonder we call it the
serious solution to the small
computer question.

It’s the small computer system
to do the general ledger and
the payroll. Solve engineering and
scientific problems. Use it for
word processing. Program it for
computer aided instruction.

Use it anywhere you want versatile
computer power!

Sold and serviced only
by the best dealers.

Sol Systems are sold and serviced
by an outstanding group of
conveniently located computer
stores throughout the United
States and Canada. They are also
available in Australia, Europe,
the United Kingdom, Central
America, South America, Japan
and Singapore.

For more information contact
your nearest dealer listed on
the following page. Or write Depart-
ment B, Processor Technology
Corporation, 7100 Johnson
Industrial Drive, Pleasanton, CA
94566. Phone (415) 829-2600.

In sum, all small computers
are not created equal
and Sol users know it to their
everlasting satisfaction.

ProcessorTec ology
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See Sol’

at all these
fine
computer
centers

AL: Birmingham: ICP Computerland,

(205) 979-0707. CA: Berkeley: The Byte Shop.
(415) 845-6366. Citrus Heights: Byte Shop.
{916) 961-2983. Costa Mesa: Orange County
Computer Center, (714) 646-0221. Hayward:
Computerland of Hayward, (415) 538-8080
Lawndale: The Byte Shop. {213) 371-2421
Modesto: Computer Magic, (209) 527-5156
Mountain View: Digital Deli, (415) 961-2670

San Francisco: Computer Center, Inc., (415)
387-2513. San Rafael: The Byte Shop. (415)
457-9311. Walnut Creek: The Byte Shop, (415)
933-6252. CO: Boulder: Byte Shop, (303)
444-6550. Denver: Byte Shop, (303) 399-8995.
CT: Bethel: Technology Systems, (203)
748-6856. FL: Ft. Lauderdale: Byte Shop of Ft.
Lauderdale, (305) 561-2983. Miami: Byte Shop
of Miami, (305) 264-2983. Tampa: Microcomputer
Systems, Inc., (813) 879-4301. IL: Lombard:
Midwest Microcomputer, (312) 495-9889. IA:
Davenport: Computer Store of Davenport, (319}
386-3330. KY: Louisville: Martronix Associates,
(502) 459-0500. MD:Towson: Computers Etc.,
{301) 296-0520. MN: Minneapoiis: Computer
Depot. (612) 927-5601. MO: Florissant:
Computer Country, (314) 921-4434. NH: Nashua:
Computerland of Nashua, {603) 889-5238

NJ: Cherry Hiil: Computer Emporium, (609)
667-7555. Iselin: Computer Mart of New
Jersey, (201) 283-0600. NY: Endwell: The
Computer Tree, (607) 748-1223. New York:
Computer Mart of New York, (212) 686-7923
White Plains: The Computer Corner, (914)
949-3282. NC: Raleigh: Roms 'N' Rams, (919)
781-0003. OH: Akron: The Basic Computer
Shop, (216) 867-0808. Columbus: Byte Shop,
{614) 486-7761. Dayton: Computer Mart of
Dayton, (513) 296-1248. OR: Beaverton: Byte
Shop Computer Store, (503) 644-2686.
Portland: Byte Shop Computer Store, (503)
223-3496. Salem: Computer Pathways.

(503) 399-0534. PA: King of Prussia: Computer
Mart of Pennsylvania, (215) 265-2580. RI:
Warwick: Computer Power, Inc., (401) 738-4477
SC: Columbia: Byte Shop, (803) 771-7824

TN: Kingsport: Microproducts & Systems, (615)
245-8081 TX: Arlington: Computer Port,

(817) 469-1502. Arlington: Micro Store, {(817)
461-6081. Houston: Interactive Computers,
{713) 772-5257. Houston: Interactive Computers,
(713) 486-0291. Lubbock: Neighborhood
Computer Store, (806) 797-1468. Richardson:
Micro Store, (214) 231-1096.  UT: Salt Lake
City: Home Computer Store, (801) 484-6502
WA: Bellevue: Byte Shop Computer Store,
(206) 746-0651. Seattle: Byte Shop of Seattle,
(206) 622-7196. WI: Madison: The Madison
Computer Store, (608) 255-5552. Milwaukee: The
Milwaukee Computer Store, (414} 445-4280.
DC: Washington: Georgetown Computer
Emporium, (202) 337-6545. CANADA: London,
Ontario: Computer Circuit Ltd.. 737 Richmond
St., (519) 672-9370 Toronto: Computer Mart L.td.,
1543 Bayview St., (416) 484-9708. Vancouver:
Basic Computer Group Ltd., 1548 West 8th

Ave  (604) 736-7474. ARGENTINA: Buenos
Aires: Basis Sistemas Digitales. Colombres
849-1-A, 93-1988 or 57-7177. AUSTRALIA:
Sydney: Automation Statham Pty. Ltd., 47

Birch St., (02) 709.4144. Carnegie: Sontron
Instruments, 17 Arawatta St., (03) 568.7867.
BELGIUM: Bruxelies: S P R.L. Finncontact.
Square Larousse, 5, 2/345-98-95. COLUMBIA:
Bogota: Video National, Diagonal No. 5-62, 32
66 35-36-37. DENMARK: Copenhagen: Peter
W. Holm Trading ApS. Sankt Annae Gade 34,
Christianshavn, (01) 54 34 66. GREECE: Athens:
Attikos, Inc.. 41 Char. Tricoupi TT. 145, 3604091.
JAPAN: Tokyo: Japan Personal Computers, Ltd..
Yamamoto Bldg. No. 11-18,{03) 375-5078.5079
MEXICO: Mexico City: Industrias Digitales, S.A
de C.V., Plateros 7-116, (805) 524-5132
PHILIPPINES: San Juan: Integrated Computer
Systems, Inc., LIMKETKAI Bldg.. Suite 118,
Ortigas Ave.. Metro Maniia, 3113, 78-40-71.72
SWEDEN: Stockholm: Wernor Elektronik,
Torsvagen 61, Box 72,(0)8717-62-88. UNITED
KINGDOM: Huntingdon, England: Comart. Ltd.,
24A Market Square, St. Neots. Cambridgeshire,
{0480) 74356. VENEZUELA: Caracas:
Componentes Y Circuitos Electronicos TTLCA
C.A., Av. Fco de Miranda, Los Ruices,
Apartado 3223, 355591.

10  BYTE November 1978

etiens

SCHEMATIC ENCOUNTER

| had a close encounter of the third
kind while trying to read and understand
the schematics to a Teletype ASR33 — it
was just awful. The engineers had their
hands on it for some time when it was
decided to change it over to a 20 mA
loop, and | was the victim elected to do
it.

Do any BYTE readers know if there
is a book that explains the ASR33
Teletype schematics in understandable
terms? | know it took many years to
make the simple hard to understand, but
maybe someone out there said that
enough is enough to this madness.

Yes, | finally got the show on the
road, but for awhile | was thinking: why
me?

Craig Mueller
10130 Sepulveda Blvd
Mission Hills CA 91345

INTERPRETER INFORMATION
WANTED

I have just finished reading Osborne
and Associates’ 80804 /8085 Assembly
Language Programming book. Now |
want to find something that shows how
a BASIC interpreter is put together in
assembly language. All the software
supplied here does not cven attempt to
explain in anything but vague terms.

The question is, where can | find
literature like this? | would like some-
thing that would actually run and some-
thing not theoretical. | hope you can
heip.

Hugh Shedd
#8 3419 Portland Av S
Minneapolis MN 55407

Contact Dr, Dobb's Journal of Calis-
thenics & Orthodontia for information
on what they have published in the past
with respect to BASIC interpreters.
Their address is POB E, Menlo Park
CA 94025,

PRAISE FOR BITS

| do not write letters to editors often
but this is one pleasant exception. About
a week ago my daughter ordered a book
for my birthday from BITS. The birth-
day was only a week off and she asked
for fast service. Not only did the book
arrive exactly one week from the date
that she sent her letter, but it was also
wrapped in birthday paper with a bow.
It arrived the day before my birthday.
Both my daughter and | were quite
delighted at such a personal touch. |
believe that the name of the person

Continued on page 141
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56 GREAT LOCATIONS

Computerland’

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dublin
Ei Cerrito
Hayward
Los Altos
Los Angeles
Mission Viejo
San Bernardino
San Diego
San Francisco
San Jose
San Mateo
Santa Rosa
Thousand Oaks
Lawndale
Tustin
Walnut Creek
COLORADO
Colorado Springs
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
FLORIDA
Boca Raton
Ft. Lauderdale
GEORGIA
Atlanta
HAWAII
Honolulu
ILLINOIS
Arlington Heights
Downers Grove
Niles
Oak Lawn
Peoria
INDIANA
Indianapolis
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIGAN
Grand Rapids
Southfietd
MINNESOTA
Bloomington
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Bergen County
Morristown
NEW YORK
Buffalo
Ithaca
NO. CAROLINA
Charlotte
OHIOQ
Cleveland
OREGON
Portland
PENNSYLVANIA
Harrisburg
TEXAS
Austin
Dallas
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma

WASHINGTON, D.C.

WISCONSIN
Madison
INTERNATIONAL

Sydney, NSW Australia
Winnipeg, Canada

(205) 539-1200

(415) 8288090
(415) 233-5010
{415) 538-8080
(415) 941-8154
(213) 776-8080
(714) 770-0131
(714) 886-6838
(714) 560-9912
{415) 546-1592
(408) 263-8080
(415) 572-8080
(707) 528-1775
(805) 495-3554
(213) 371-7144
(714) 544-0542
{(415) 935-6502

Call Directory Assistance
(303) 7594685

(203) 374-2227
(302} 738-9656

Call Directory Assistance
Call Directory Assistance

(404) 953-0406
Call Directory Assistance
(312) 2556488
{312) 560-0193
(312) 967-1714
(312) 422-8080
Call Directory Assistance
Call Directory Assistance
(502) 425-8308
(301) 948-7676

(616) 942-2931
(313) 356-8111

(612) 884-1474
(603) 889-5238
(609) 795-5900
(201) 845-9303
(201) 5394077

{716) 836-6511
{607) 2774888

(704) 536-8500
(216) 461-1200
(503) 6206170
{717) 736-1116
(512) 452-5701
Call Directory Assistance
(713) 9770909
(206) 746-2070
(206) 838-9363
(206) 581-0388
Call Directory Assistance

(608) 273-2020

29-3753
Call Directory Assistance

Circle 75 on inquiry card.
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DYNABYTE COMPUTERS
ARE ALL BUSINESS

INSIDE AND OULT.

When we designed our new small
business computers, we meant busi-
ness.

As basic as that seems, it is unique.
Just about every other microcomputer
being sold as a small business system
today was originally designed as a kit
for hobbyists.

Every design decision was made
with quality and reliability in mind. The
result is dependable performance and a
solid appearance for business, profes-
sional and scientific applications.

FIRST SMALL SYSTEM WITH
BIG SYSTEM STORAGE

Many applications handle large
quantities of information, so the DB8/2
uses two quad density S-inch disk
drives with our exclusive Dual Density
Disk Controller for up to 1.2 megabytes
of formatted storage. That's more
capacity than two single density 8-inch
drives.

If you need more storage, our
DB8/4 has two 8-inch drives with up to
2 megabytes capacity, more than any
other dual floppy disk system on the
market.

OUR SOFTWARE IS
BIG ON BUSINESS

Dynabyte helps you get down to
business immediately. The DB8/2 is the
first microcomputer to offer enough
storage capacity on 5-inch drives to
fully utilize CP/M.* the most widely
accepted disk operating system. We
also supply and support BASIC, FOR-

¢ CP/M is a trademark of Digital Research.

TRAN and COBOL programming lan-
guages. Our applications packages in-
clude general ledger, accounts receiv-
able, word processing and many other
CP/M compatible programs.

Reliability is a big consideration in
buying a business computer, so we built
it in. Our edge connectors meet military
specifications, the toughest electronics
manufacturing standard. Our regulated
power supply is designed to meet U.L.
standards, which means the entire sys-
tem runs cool and dependable. And our
cast aluminum enclosures are rugged as
well as attractive.

AND THE BIGGEST
THING OFALL

Customer support. Our support
starts at the factory with testing and
burn-in programs that assure the entire
integrated system is reliable prior to
shipment. Our completely modular de-
sign allows continuing support in the
field. We maintain a bonded inventory
of all sub-system modules which means
we can deliver replacement sub-
assemblies overnight nearly anywhere
in the continental U.S.

Dynabyte built in little things, too.
Like a fully-populated 12-slot
backplane, switched AC outlets for ac-
cessories, an option for European
power, quiet whisper fans with long-life
metal construction, lighted indicator
switches for Power On and Halt, a
shielded enclosure to protect disk drives
from electro-mechanical interference,
and a fully enclosed power supply for

operator safety.

Since we didn’t cut comers in de-
sign, the price/performance ratios of
our systems make good business sense.

THE INSIDE FACTS

The DB8/2 Computer System in-
cludes two 5-inch disk drives either
single or double sided for up to 1.2
megabytes of mass storage; a 4MHz
Z-80 processing module with one
parallel and two serial ports, an
EPROM programmer and up to 4k
ROM; 32k of RAM, a 12-slot fully-
populated backplane; our exclusive
Dual Density Disk Controller, and
CP/M.

The DB8/1 Computer includes a
4MHz Z-80 processor with one parallel
and two serial I/O ports, an EPROM
programmer and up to 4k of ROM; 32k
RAM, and a 12-slot fully-populated
backplane.

The DB8/4 Disk System, designed
to be the mass storage companion to the
DB8/1, includes two 8-inch floppy disk
drives in either single or double sided
configuration for up to 2 megabytes of
mass storage, our Dual Density Disk
Controller, and CP/M.

All three units will be available in
rack mount models.

For a descriptive brochure and
price list, call or write Dynabyte, 1005
Elwell Court, Palo Alto, CA 94303.
Phone (415) 965-1010.

Or better yet, see your local dealer.

DINABITE

YOU CAN DEPEND ONIIT.

Circle 110 on inquiry card.
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pieces, and, finally, it must realize that the
exchange may be terminated at any point
by either side. Pins are a whole topic in
themselves, and Sargon’'s pinned piece
routines will not be discussed in any detail.
Instead, we shall concentrate on the exchange
routine itself, which weighs the relative
merits of the battles engaged on the board.

The Data Structures

The basic data structure used by the ex-
change evaluator is the attackers array. It is
a 14 byte area divided into two sections,
seven bytes for White and seven for Black.
The first byte of each section contains the
number of attackers (or defenders) con-
tained in the array. The other six bytes in
each section store the piece values of the
pieces participating in the attack. Since no
more than four bits are required, two pieces
are stored per byte, and the array has a fixed
format. Table 1 illustrates the arrangement
within a section. The routine which fills the
array assigns the first attacker of a given
type to the low order four bits of the byte.
A subsequent attacker of the same type is
added by shifting up the low order four bits
and inserting the new attacker in its place.
The instruction used to implement this is
the rotate left digit (RLD) (see figure 2).
If a piece attacks from behind the Queen,
such as the Bishop in figure 1, it is placed
in the high order four bits of the Queen
byte. From that position it will not come
into play in the attack until after the Queen
has captured. It is possible for two Rooks
to attack through the Queen. In this situa-
tion one Rook is stored behind the Queen
and the other in the King byte, pushing him
up behind the Rook if he is invoived in the
attack. (By the rules of chess, the King can-
not capture unless all defenders are ex-
hausted, so he is properly placed behind the
Rook.)

A note about overflows: the table is nec-
essarily limited in size and is adequate for
all the pieces originally on the board. If
pawn promotions result in multiple pieces
and a table overflow occurs, the excess
pieces are ignored in evaluating the exchange.

An Overview of the Exchange Evaluator

The exchange evaluator (XCHNG) oper-
ates on a prefilled attacker’s array. The
array itself is filled by the attack save
(ATKSAV) routine as attackers are dis-
covered by the artacker’s routine (ATTACK).
The latter two routines are important, and
recent changes to them have resulted in a
significant improvement in the performance
of Sargon, but they are not discussed in this

article. The attacker’s array describes a
specific battle over a given occupied square.
The player who occupies the square is the
defender and the player with the opposite
color is the attacker. The attacker’s section
is examined for the lowest valued attacker.
That piece is compared in value to the piece
on the occupied square. If the attacker is
lower in value than the defended piece, we
know at once that we can win material by
capturing that piece. We don’t yet know
how much, because the piece may have been
totally undefended, or it may be that our
lower value piece will be captured in return.
For example if our Bishop attacks an enemy
Rook, we can be sure at least of “winning
the exchange’ (a phrase chess buffs use to
describe trading a Rook for a minor piece,
ie: for a Bishop or Knight). But to find out
whether the whole Rook is ours for free or if
we must give up our Bishop in return, we
must toggle the attacker/defender roles,
since our Bishop now occupies the square,
and run through the analysis again. Of
course back when the Bishop was retrieved
from the attacker’s array, it was also re-
moved, the attack count decremented, and
its position filled with zeroes.

The evaluation is not so obvious when
the attacker is of higher value than the piece
on the occupied square. In this case there are
only two situations in which you would
want to capture. One occurs when the at-
tacked piece is totally undefended, and .the

ACCUMULATOR
(REGISTER A)

— |

MEMORY
LOCATION

Figure 1: Sample board
position. White’s Bishop is
indirectly attacking the
pawn, so the value of the
Bishop is stored in the
high order four bits of the
Queen byte (which is
directly  attacking the
pawn) in the attacker’s
array. See table 1.

Figure 2: The Rotating
Left Digit (RLD) instruc-
tion, used to add attackers
to the attacker’s array.
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Figure 3: Summary of the NO
flow of exchange evalu-

ation. If the attacker is of

the same value as the piece JYEs

under potential attack,

material cannot be lost by

swapping, and the piece

may in fact be taken for

free. To determine the

potential  for  winning

material, assume the cap- NO
ture takes place, switch -
(or ‘“‘toggle”) the roles of

defender and attacker and

run through the analysis

again. i

YES

The use of computers for industrial automation is sky-
rocketing, and engineers are needed to design them. If you're
stalled in your present position, we have the opportunities to
challenge you. If you are a degreed engineer with hardware or
software design experience, call or write Dick Conklin, (216)
943-5500.

Babcock &Wilcox
Bailey Controls Company

29801 Euclid Ave.
Wickliffe, Ohio 44092

An Equal Opportunity Employer M/F
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other occurs when the attacked piece is
defended by a piece of the same or higher
value, and we can back up the attack with
yet another attacker. Suppose, for example,
our Queen attacks an enemy pawn. If the
pawn is completely unguarded, we can, of
course, take it for free. We might also want
to take it if it is defended by the opponent’s
Queen and we can recapture with, say, a
Bishop which attacks from behind our
Queen. But any time the attacked piece is
defended by a piece of lower value than
the attacker, we can terminate the exchange
right there, since it would not be to the
advantage of the attacker to continue. For
example, if our Queen attacked a pawn that
was defended by an enemy pawn, we
wouldn’t consider making the capture.

If the attacker is of the same value as the
piece on the occupied square, we know we
can’t lose material by swapping, and the
piece might be ours for free. So to find out
what we stand to gain, we assume the cap-
ture takes place, switch {or “toggle’’) the
attacker/defender roles, and run through the
analysis again (see the summary in figure 3).

Quantizing the Evaluation

We now have a general plan for the flow
of the evaluator. What is needed is a means
of quantizing the results and coming up
with a points total, the exchange residue,
which accurately describes that particular
battle. The exchange residue is zero at the
onset of the analysis and will be adjusted
up or down as the evaluation proceeds. At
each iteration the number of points at
stake is the value of the piece which cur-
rently occupies the square in question. If
the analysis calls for a capture on the first
iteration, the points at stake are added to
the exchange residue. Thus the exchange
residue will contain the number of points
lost by the initial defender (or, conversely,
won by the initial attacker). We will main-
tain this frame of reference throughout the
evaluation. If the analysis requires that
attacker/defender roles be toggled, and a
capture occurs on the second iteration,
the points at stake would be subtracted
from the exchange residue. Suppose we
again have a situation where our Bishop
attacks an enemy Rook. The points at stake
are the assumed value of the Rook, and
let’s suppose we value the Rook at five
points. We know the analysis will call
for Bishop takes Rook, so at that time

" the five points for the Rook will be added .

to the initially zero exchange residue. Then
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Many BASIC interpreters presently in use
have limited function calculation capability.
Almost all interpreters larger than 4 K bytes
have built-in routines for determining square
roots, logarithms and exponentials, as well
as some trigonometric functions like sine
and cosine. Several interpreters also provide
inverse trigonometric  functions via the
arctangent function.

However, many minicomputer and micro-
computer systems do not have such software.
Also, some of the newer microprocessors
presently do not have much support soft-
ware. | have recently been developing soft-
ware for use with the North Star Micro-Disk
system; specifically, working with North
Star BASIC, version 6, release 2. The North
Star software contains sine and cosine func-
tions but no inverse trigonometric routines.
This deficiency led to a cursory investigation
of series approximations which very quickly
showed that Taylor series expansions are
not generally optimum for computer use.

Taylor Series Expansion

In general, any real, continuous function
f(x) having defined derivatives may be ex-
pressed as a polynomial expansion about a
reference point x_, with the Jonghand
representation:

o

(1a)

Observe that f(n) (xo) is defined to be the
nth order derivative of f(x) evaluated at
x equal to x,. The shorthand equivalent of
equation (1a) is:

or:

where:

f0) (x,) = f(x,)

Ii!

Do M) (xg) (x—xg)™/m!

m=0

fn(x)

Equation (1b) is in a form which is con-
venient in terms of BASIC's FOR-NEXT
loop evaluation, which may account for its
popularity with computer programmers.

Many programmers who are faced with
approximating a function usc a Taylor series
expansion along with a convergence test
such as:

[f (x)—f (x) 1<e. (2)

n--1
Presumably when the difference between
the approximation using n terms and that
using n- 1 terms is less than €, the accuracy
of f,(x) in approximating f(x) is better
than e. This assumption can be grossly in
error depending on the function being
evaluated. Slowly converging scries often
present problems in this respect.

The reasons for not indiscriminately
using equations (1) or (2) may be demon-
strated by considering the sine and arctan-
gent functions. The Taylor series expansion
around the zero reference point (known
as the Maclaurin series) for the sine func-
tion is:

sin(x) =x  x3/31+x°/51 —. .. (3a)

or:

sin(x) = Z (- 1) x@nr ) j(2n+1)1 .
n=0 (3b)

If we apply equation (2) as the test for
accuracy, we have

2n+1)

{
m<e. (4)

If x is one radian (approximately 57°) and
the required accuracy is 107 °, then equa-
tion (4) indicates that seven terms are re-
quired in the series for the specified ac-
curacy. The test for residual may be done
more correctly in principle by noting that
the series is uniformly convergent, having
terms alternating in sign. Thus the absolute
error of the approximation is less than the
absolute value of the last term included.



Therefore we again conclude that seven
terms are needed for 1078 accuracy in
approximately calculating the sine of one
radian. In the case of alternating series
having terms which monotonically decrease
in absolute value, equation (2) is applicable.

If, instead, we are interested in the sine
of —1, the accuracy test would again call
for seven terms. However, this time, because
the signs of the terms do not alternate, a
ratio test would have to be applied to cor-
rectly examine the residual, yielding the
same result for the required number of
terms. In general, if the series is rapidly
converging, equation (2) is an adequate
test for accuracy.

So far we have assumed that the com-
puter is perfect in terms of roundoff error.
In some eight decimal place accuracy inter-
preters and compilers, the computer rounds
off to the eighth decimal place by consis-
tently rounding down or up. Quite often
the direction is down, since this corresponds
to simple truncation. In those cases the en-
suing error in calculating n terms in a series
expansion is on the order of + (n/2) X 108,
(If the software is sophisticated enough to
round to the nearest value, the error be-
comes \/n X 1078 for eight bits.) For the
sine expansion example given above, the
expected truncated series accuracy of 10 ®

would be reduced to approximately 1077
because of roundoff error. It is shown in
the next section that a different series ex-
pansion for sine can be used which contains
only five terms and which gives an error of
less than 10~ % before roundoff, along with
a generally better answer when roundoff is
considered.

So far the observation is that the error
test, equation (2), leads to a correct estimate
for the required number of terms in the case
of the Taylor series approximation for sine.
There is an approximation in which only
five terms are sufficient, which is described
later. These are not very exciting conclu-
sions, largely because the Taylor series
expansion for sine in the first quadrant is
very rapidly convergent and thus quite
adequate. Another important function,
arctangent, is not nearly as quickly conver-
gent in some regions of its limited conver-
gence interval, The Macl.aurin series expan-
sion for arctangent is

3 S 7

X X
7

rctan(x) = x - = + 2
arc X -3t

= (—=1)" x{2n* 1) /(2n+1)
n=0

(—1<x<1). (5)
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Term MacLaurin Coefficients Optimal Coefficients
X4 + 1.00000000 + 1.00000000

)(5 — 0.16666667 - 0.41123328

X7 + 0.00083333333 + 0.050732026

Xg — 0'000198412726 - 0.0029754116
X11 + 2755732 x 10 a + 0.000096437832
X - 2.5052109 x 10"10

x13 + 1.6059045 x 10~

Table 1: Coefticients for the MucLaurin and optimal series exparisions for
sin(x). The optimized interval is -m/2 < x < n/2. In this interval, the optimal
(relative error) series is uccurate to better than 5 X 10 9 when more accurate
coetticients ure used.

that interval, then approximating sin(x) by
0.73x is better. The maximum absolute error
is in this case less than 0.15, with two error
maximad,

It our criterion is to minimize the relative
error (percent deviation), the MacLaurin
series single term truncation leads to 57 per-
cent error at w/2, while the previous mini-
mized (relative to maximum absolute error)
approximation is off by less than 27 percent,
with the maximum relative error occurring
4t cero. I'he maximum relative error can be
further reduced to about 22 percent by
using 0.78x as the approximation for sin(x).
The maximum relative errors in this case
oceur at x values of 0 and @/2. This scries is
considered to be the minimux or optimal
series eapansion for sin(x) over the range

/2 < x < 7w/2, given that one teim s
allowed.

The above example illustrates the fact
that either by the criterion ot absolute error
or the criterion of relative error, the trun-
cated MacLaurin series for the sine function
is not uptimal for approximation. Also ob-
serve that the coefficient (0.73 for absolute
error or 0.78 for relative error) in the op-
timal approximation is dependent on the
interval chosen. The more the interval is re-
stricted to that region surrounding <ero, the
closer the coefticient is to unity. In general,
the more the interval is restricted to the
region immediately surrounding the Taylor

Term MacLaurin Coefficients Optimal Coefficients
X + 1.00000000 + 0.99 133
x3 — 0.33333333 — 0.335,94R6
x5 + 0.20000000 + 0.199¢ 16
x? ~ 0.14285671 —~ 0.1390s534
xs’1 + 041111111 + 0.096420044
x}s — 0.090909090 —~ 0.055909886
X3 + 0.07692308 + 0021861229
X — 0.066666667 — 0.0040540580

lable 2: Coefticients for the MacLaurin and optimal series expansions for the

arctangent. Accuracy (relative error) is better than 4 X 10 8. The interval of

convergence for the MacLaurin series is —1 < x < 1. The interval of conver-
gence for the optimal series is —1 < x <.
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series expansion point, the more the co-
efficients in the uptimal series approximate
those of the Taylor series expansion. This
is because the highest convergence rate
occurs near the expansion point, and it is
hard to do better than that.

Continuing with the sine example, table 1
shows the series coetficients that would be
used in the MacLaurin and optimal series ex-
pansions to give a desired accuracy (ex-
cluding roundoff) of approximately 1078,
Observe that because the relative error
is the criterion, the first couefticient in the
optimal series is the same (to eight places)
as that in the MaclLaurin series. This is re-
quired because for very small x, sin(x) is
approximately equal to x. Note, however,
that all the other coefficients are drastically
different, though the signs of the coeffi-
cients dre preserved. The sign preservation
is expected from a consideration of the
derivatives.

A corresponding series expansion compadr-
isun tor the arctangent is shown in table 2.
Observe that about 107 terms are required in
the MacLaurin series for x equal to 1 to give
the same order of accutacy as the optimal
series evaluated at that point. The situation
for the MacLaurin series is even worse in the
vicinity of negative one.

It is interesting to note thdt in the sceries
expansion comparison shown in table 2
the signs of the coefticients are conserved,
and the coetticients themselves bear some
semblance to one another up to the ftifth
term. After that the coefficients look yuite
different.

Variations

The optimal series coefficients given in
table 2 for the arctangent approximation
were stipulated to be optimal over the in-
terval —1 < x < 1. This restricts us to the
angular range of #45°about 0° (/4 radians
around U radians). A trigonometric identity
was given earlier which allowed continuation
through 90° (n/2 radians). However, this
extra range changing step is not necessdry,
since another series expansion exists which is
optimized over the interval 0 < x < oo,
However, it does not have a simple x" de-
pendence:

1 (2n+1)

7
arctan{x) = m/4 + Z C, (x—+T
n=0 (6)

This series is interesting in that it uses the
same coefficients as given in table 2, and also
gives the same order of relative accuracy. To
execute this series on 4 computer one need
only define x to be (x—~1)/(x+1) and proceed
as before.












. 1 = ”:
N1 n 5 (yn - x/yn) n= 0,12...

0.154116 + 1.893R72 X

YO = — e —_—

1+1.047988 X

Table 6: lIterative technique for detertriining the squure rout ot x. lhe uc
cepted range is from zero fo infinity. 1he y, term is an dpptoximation tor
the starting value over the interval 1/16 < x < 1. The y, relative erior is
better than 0.025.

vn = s,
y =y 2D Sa— n = 0,12
2yn + x/yn

Table 7: lteration technique for determiniiy the cubic rouvt uf x over the
range zero to infinity. The y term is the surne us thul used fur the squure
root.

ciently small ciror linnt, ¢, tor use in the
accuracy test, equation (2), the computer
may never tind a condition salistying that
relation. tnosuch d situation the computes
may coltinue the caledldation ot terms until
an overflow oceurs. A way to avuid this
problem is 1o also test whether or not the
miinum Lerm (stallest inabsolute value)
has been passed, and it su, stup the cdlcula
tion on that term. The accuracy of the thus
truncated  sceries s approxinated by the
value of that last e,

Quite otten the serics ur rationdgl poly-
nomial approximiation approdch miay be sur-
passed i accurdey and possibly speed by an
iterative technique. In fact, such iterative
techniques can often also be putin a tormi in

m = 2,3, 4...
n -0,1,23...

Table 8: Iteration technique for determining the mth roovt of x. In this case,
x is allowed to vary from zero to infinity. The convergerice ot this formula is
quadratic.

Define: 30 = (1+X2)_1/2
by = 1

' : ¢ - 2@ +b

terate: a,, =5 a, n)
bor1 T Vi +b

Convergence Test: compare a, and b (they approach one another)

Final Calculation: arctan(x) = \/—H—&Q*)‘

Table 9: Gauss iteration technique tor dpproximdating the dictangent func-
tion. This formula has been modified from a tormula inn the book Nuineri-
cal Methods That Work (see references) to imiprove the dccuracy in the final
calculation. The variable a, has been replaced by the expression \/a,b,.
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which roundott ciror has a minimal impact
ult final aceuracy .

lables 6 and / show xtua[m approxi-
mations to {x)=/x and f(x) = 3v/x. These
forms  were  derived frum the Newton
micthod for finding the zeroes of functions
(see reference 2). The relations have been
algebiaically written such that the previous
appruximdtion in the iteration is improved
upun by the subtraction of a coriection term
(which miay be either positive or negative).
Convergence 1s generally very good and can
be significantly improved upon by using a
predictor tor the corection, though the
price paid is a mouie cormplicated routine.
Lhe readet 1y referred to standard texts on
rumericdl methods tor descriptions of pre-
dictor-coriector technigues.

Table 8 gives a4 general iterative tormula
tor deterniining the mt? root ot any non-
negative ruedl number. Although it is poten-
tially mote accurate than using the logarithm-
antiloganithin - dapproximation routines, it
sutfers trom speed  limitations  for large
values  of m, sinee miany multiplications
n|a¥ be rcqumd {what would one do with

7).

As a tinal but very important example of
all ilertalive dappruximation L0 a common
function, drctangent, see lable 9. [his tech-
nigque is duce to Gauss dand is 4 sure way to
obldin accuracy limited only by the number
of digits carried by your software; there is
no cumulative roundoft error. Note that
inplenientation ot this imethod  requires
the use ot a4 square ruot tunction, which we
can have as another subroutine. Although
the author has no literature mformation re-
garding the convergence of this iteration,
the torn luoks fast in convergence but
slow in calculation.

For example, listing 1 shows sample runs
tor x = 0.1, 1, 100 and 10%Y. It scems that
only 12 aterations maximuin are required
to altain a relative aceuracy ot 107~
However, the execution time for the BASIC
program shuwn runs between 3 (x = 0.1) and
4 (x - 10%Y) seconds, which is not very
tast. Use ot the optimal series, shown
in table 2, cuts the execution time down to
90 ms with the same level of accuracy.
However, a  numerical  overflow  occurs
when x = 103V, The conclusion is that for
10 7 relative accuracy, the optimal series
approximation is preferred over the iter-
ation technique since it is about 40 times
taster in execution. There is probably some
hidden physical law which states that the
elegance versus exccution time product is
d constant.

Souine of the approximativins we have
discussed are not applicable over the entire
possible range of arguments. The approx-
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The Sky’s the Limit 55,

Introduction

This article outlines how intercomputer
communication networks can be set up
using existing amateur radioteletypewriter
(RTTY) networks, without requiring the
computer user to have an amateur radio
license. Using modified radio message
handling codes, a communications lan-
guage is developed that allows message
forwarding, file transfers for batch
processing, and interactive use of a central
computer. In all cases compatibility has
been established between simple systems
and complex ones such that the network
can be accessed by terminals as well as
computers. Finally, the network concept
is merged with space age technology to out-
line how a worldwide personal computing
communications network can be established
with minimal message routing Iinformation
requirements, using the AMSAT Phase |l
and Phase 11l amateur radio communica-
tions satellites,

While discussing intercomputer communi-
cations, let us consider that which exists
now and that which is soon going to exist.
The communications system should be set
up so that one can use the network with a
minimum investment in equipment. As the
system becomes more sophisticated, so will
the system capability.

REPEATER

Figure 1. Difficulties in radio communications. Figure Ta shows that if there

is a hill between two local stations, it is not possible for them to communi- Amateur Communications Network
cate by means of VHF. If a repeater station is positioned at the top of the hill
as in figure 1b, communication becomes possible. The closest thing to computer communi-
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cations in the hobby area is amateur radio-
teletypewriter communications. Hams have
been using radioteletypewriters for many
years and have developed equipment and
techniques that are of interest to the com-
puter experimenter. Radioteletypewriters
are used by amateurs in two different ways:

® [ong distance contacts via shortwave.
® Local arca contacts on very high
frequencies (VHF).

Shortwave communication paths are af-
fected by many things including propagation
conditions and interference from atmospheric
or man-made signals (called noise). VHF
communications paths are, for all practical
purposes, unaffected by propagation con-
ditions and can be made immune to noise.

In the United States much of the VHF
radioteletypewriter operation is by means of
repeaters. VHF communication paths are
relatively short range because the signals are
usually timited to line of sight paths. Thus,
two radio amateurs would find it difficult 10
communicate if there were a hill between
them, as shown in figure la. If 4 relay or
repeater were placed at the top of the hill
as shown in figure 1b, the two stations could
communicate. Users of the VHF portion of
the radio spectrum have long recognized the
advantages of such repeaters. Most cities
now abound with radio towers relaying
police, fire, taxicab and amateur signals.

A typical citywide amateur RTTY re-
peater communications system is depicted
in figure 2. Notice the similarity to a cen-
tralized computer network. Many amateur
stations opcrate with gutostart. They leave
their equipment operating all day to print
any messages that turn up on the frequency.
Others have stunt boxes or selected signal
decoders that allow only messages addressed
to a particular station to be printed. Still
others are interfacing microcomputers to
their radio stations and using the computer
to perform selective call decoding and stor-
age of commonly transmitted messages or
descriptions of their stations (colloquially
known as brag tapes).

The VHF repeater system can thus be
considered a communications network
wherein any amateur station can originate or
receive messages - with only a4 minimum
amount of equipment. However, the ama-
teurs can only communicate if both are
operating (on line) at the same time. If one
is not present, messages can be received only
if the equipment is in the autostart mode.
Even then, the originator cannot know that
the message was received because the re-
ceiving station might have been switched off
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Figure 2: A city-wide radioteletypewriter VHF repeater link. Note that each
of the users is an amateur radio station.

RADIO AMATEURS

at the time the message was sent. The occu-
pancy of these repeaters at the present time
is low, so all users can timeshare them easily.
When two stations are in communication,
the others may either stand by or join in and
have a multistation contact.

As radio amateurs recognize the capabili-
ties of the microcomputer, they are install-
ing them in their stations to take care of
autostart and answer back so that messages
can be received and even acknowledged in
real time. However, this is only valid for
those equipped with a computer. What
about those who only have a simple ter-
minal? How can they obtain the same ad-
vantages of communications capability?

The computer experimenters among the
amateurs have come up with a solution.
They are connecting one computer as a

COMPUTER

TELEPHONE LINE LINKS

COMPUTERISTS

Figure 3: Radio amateur and computer experimenter city-wide communica-
tion network. This type of network allows the computer user to have access
to the radio network without having to obtain a radio license.
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message store and forward relay. This com-
puter continuously monitors the repeater,
and may or may not be located at the
repeater site. When accessed by a user it
may be used to store a message addressed to
any other user for later retrieval. Anyone
can come on the air (on line) and talk to
the computer. Thus anybody equipped with
a terminal compatible with the system can
use the central computer to send and re-
trieve messages. One can even use the com-
puter in an interactive mode if the network
is set up to allow it. Those who own their
own computers can use the network to ex-
change software in machine readable form as
well as a message relay. A typical sequence
of operation in the message mode would
consist of one station coming on the air and
calling his or her party. If no reply is re-
ceived the message could be stored in the
central computer. Later when the party
comes on line, he or she can ask the com-
puter if there are messages waiting, and if so,
to retrieve them.

Computer experimenters in general do
not have amateur radio licenses, probably
don’'t want to make the effort to obtain
them, and don’t think that they need them.
What good is a VHF repeater to them?

Computerists’ Access to Repeaters

In the United States, the regulations gov-
erning amateur radio allow third party traf-
fic. This means that amateurs are allowed to
relay certain kinds of messages for nonama-
teurs. Amateurs have connected their radio
sets to the telephone line and are able to re-
lay telephone calls across the continent.
They have also connected the VHF repeater
to the telephone network, and are able to
make telephone calls from cars by the use of
tone signaling. Some repeaters have reverse
call-in capability by which the nonamateur
can dial the repeater and the telephone will
ring over the air. An amateur can then an-
swer the call and control the conversation.

If the central computer in the VHF re-
peater network is also connected to the tele-
phone line, any experimenter could call the
computer and either store or retrieve a mes-
sage. The whole network is suddenly ex-
panded to include the computer experi-
menters, as shown in figure 3. They can now
access the central computer over the tele-
phone line and operate it in much the same
manner as the amateur would over the air.
The nonamateur would not, however, be
able to initiate transmissions over the air.
Messages would have to be stored for later
pick up over the air by radio amateurs or
pick up over the telephone line by other
nonamateurs. In this way, with no petitions






Table

1: Extracts from

the proposed Q code mod-
ifications for a network
communications language.
The original Q code refer-
ence was the FCC Study
Guide and Reference Ma-
terial for Commercial Ra-

dio
tions,
1955.

Code
QRA
QRL
QRM

QRQ
QRR
QRS

QRT
QRU

QRV
QRX
QRY

QasaG

QSK
QsL

asm
Qso
Qasp

QTA
QTc
QTH
QTR
QTXx
QUA
Quc

QBM
QDB

Qilc
QJG

QNO
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Operator

Examina-
Revision May 15

What is your identification or call

sign?

Are you busy?

Question

to the FCC, both computer enthusiasts and
radio amateurs would have access to the
computer. Amateurs would be identified by
their call signs while computer experimenters
would be identified by their computer club
initials and membership numbers. Existing
radio amateur VHF radioteletypewriter
repeater networks could easily become com-
puter communication networks.

Communication Language

Having more than one computer on the
network introduces protocol problems. How
does the network ensure that only the de-
sired computer is on line? How do messages
get sent and stored? How docs one user gain
access to another’s computer? These pro-
blems require solutions before a usable sys-
tem is put on the air. A communications
language must be used to perform these
functions. Luckily, such a language does not
have to be invented because one cxists in
rudimentary form,

Years ago, when radio communications
were by means of Morse code, a communi-
cations code was developed to allow com-

Answer or Advice
My call signis. ...

Yes, | am in use

by ....

Your transmissions
are being interfered

with,
Shall I speedup to. ... Yes.
bauds?
Are you equipped for automatic Yes.
operation?
Shall I slowdown to .. .. Yes.
bauds?

Have you any messages for me?

Signing off (log off).
Yes, messages are
from. ...

Yes.

Are you ready?
Will you wait?
What is my turn?

Can you operate full duplex?
Will you confirm?

Cancel message to . . . .
What is your address?
What is the correct time?

Send me all new messages.

Who did the last message | sent go
to?

Send me the message from . .. .

May | call . . . direct?
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Yes.
Your turn is number

Send . ... messages.
Yes.

Confirmed.

Repeat last message.
Message for . ...
Relay via. ...
Cancelled

The message is . .. .
My addressis. . ..

Itis....UTC.
Log on.
It wentto....

The message to . . . .
is forwarded.

Yes.

Revert to message
mode (log off inter-
active mode).
Negative response
or action.

monly used conventions in station manage-
ment and message relaying to be sent speedily
and efficiently. This communications code is
known as the Q code. It comprises a large
number of three letter groups each beginning
with the letter Q. By the use of this code,
radio telegraph operators speaking different
languages can communicate and pass traffic.
Radio amateurs adopted some of the lan-
guage and modified it to suit their needs.
There is no reason why computer experi-
menters could not do the same.

Extracts from the code and the proposed
modifications for intercomputer network
use are presented in table 1. By the use of
such a code, amateurs with Baudot terminals
can use the code by typing the 3 letter group.
Others with ASCII terminals and computers
can type ASCII control characters, have the
computer translate them to the 3 letter
group, and then transmit them. In this way
the network can use Baudot even though
ASCII may eventually be licensed.

Examples of the use of the Q code in the
network follow. When sending a message to
be stored in the central computer relay:

WR3ABU :QTC: G8BTB :QRV: DE
G3Z2CZ

which means:

Attention repeater whose call sign is
WR3ABU, | have a message for
G8BTB. Are you ready? From this
station G3ZCZ.

The computer would reply:
G3ZCZ :QRV: DE WR3ABU
which means:

Yes, G3ZCZ, | am ready, from the
repeater WR3ABU.

The computer is now ready to receive and
store the message. G3ZCZ would then send
the message in the following format:

WR3ABU :QSP: G8BTB :QSO: [text
of message] :QSL: DE G3ZCZ

which means:

WR3ABU please relay the following
message to G8BTB. The message fol-
lows [text of message], please con-
firm reception from G3ZCZ.

G3ZCZ would then confirm and the message
would be stored in the computer.






[o]

Figure 4: A distributed
wide area network. This
type of network would
have a specified sequence
of links. For a message to
go from g station in
network A to a station in
network G, there would
have to be a path for
the message to follow
through other stations in
the network.
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instructions. Since the choice of signals to be
exchanged between the computer and the
stations using the network is arbitrary, it
may as well be in humanly readable form to
allow people using terminals without com-
puters to use the network.

If it becomes legal to use ASCII over the
air, it will be up to the repeater groups to
decide it lthey want Lo change from Baudot
to ASCII. The decision may depend on how
many users hdve Baudot machines. Both
modes could be used with conventional
tones for Baudot and Kansas City or Bell
103 standard tones for ASCII.

So far we have seen that local level net-
works can be set up using 4 computer linked
to ¢ VHF repeater and the telephone net-
work, Lo give a wide arca coverage. Since the
range of individual interests is wide and dit-
ferent, it should be possible to set up such
systems using the talent available in the
group. Thus, at the local level, radio ama-
teurs and computer people can merge their
talents and put together a system useful to
both.

The actual modulation techniques used in
the links has not been addressed as yet. Bell
103 compatible tones can be used for the
telephonce lines. Any legal method can be
used tor the radio link. The network can
make its own decision about which tech-
nique to use, depending on how much hard-
wdre and software they want each user o
assemble  when using the network. Since
there are many difterent types of micio-
computers in the teal world, different sta
tions will need difterent software at the
machince language level. A high level com-
munications language that can be under-
stood by humans as well as computers

will make the link comprehensible Lo any
user no matter how simple ot sophisticated
the available equipment.

Network Links

Once networks arc established there will
be a desire to expand the coverage and ser-
vices of each by linking them together. Con-
ventional technigyues can be used to link
networks in which each local network estab-
lishes a gateway to another network. If
enough locals link together they can form a
large network of the type shown in figure 4.
It would then be technically possible to
send a message from a station in network
A 10 a station in network G. Note that the
tigure does not difterentiate between radio
and telephone links.

Operationally, the routing of the message
poses many problems. How is the message
to be routed? If a fixed route is always used
(A to C to E to F to G) what happens if the
E node is inoperable? Should the message be
bounced around at random, eventually get-
ting to G, which would then send a cancel
command to the network to delete that
message becausc it has arrived dat its destina-
tion node? What other techniques would be
suitable for usc in a personal network which
may ot may not be 100% reliable in terms of
long distance links? The professionals have
been dealing with similar problems tor years.

Here again amateur radio has the potential
to provide a simple solution to the problems
of internetwork communications by making
use ot modern technology. Just as the devel-
oping nations dre bypassing complex terres-
trial microwave links and employing satellites
in long-range communication links, amateur
radio can provide the capability for computer
enthusiasts to do the same thing. Currently
under construction and planned for launch
in late 1979 is the first AMSAT Phase {1 ra-
dio amateur communication satellite, shown
in photo 1. This satellite will be put into
4 high altitude elliptical orbit and will provide
communication capability over the entire
northern hemisphere for up to 16 hours per
day with the same degree of reliability as 4
conventional VHF radioteletypewriter re-
peater. A message from Washington DC
could be sent to London England by means
of the following Q code:

WR3ABU :QSP: GE8BTB :QSP-
GB3LO :QSO: [rext of messaye
:QSL: DE G3ZCZ/W3

The only difteience between this message
and the wansmission  given earlier is the
addition of QSP GB3LO which means, “Re-









NEW FREE CATALOG OF
Ready to load Cassettes for
PET 2001 Computer*

Available now from NAIL**

Ready for immediate shipment.

Dozens and dozens of interesting programs
are now available from NAIL (National
Artificial Intelligence Laboratory). The first
programs are games and graphics. Unlike
most other sources of game programs,
NAIL has created game programs thatdon’t
just tell you what's happening; they SHOW
you right on the screen with vivid graphics
in motion.

For example, NAIL program G-1, SLOT
MACHINE; randomly selects cherries,
lemons, plums, oranges, etc. from program
memory and then displays three on the
screen. You select the number of free plays,
and on each turn you can bet from one to
nine plays. The machine displays atall times
what you have bet; if you have won, how
much, and how many free plays you have

left. To "pull the lever” on the machine, you
need only hit return, and the old characters
are erased from the screen, and three new
ones appear, one by one, “as the wheels
stop spinning”.

Whether you have a 4K or an 8K machine,
this program will run on it. Many NAIL
games willrun in 4K machines. The new free
catalog lists dozens of games just like this
one with their descriptions, and price. Be
sure to send in your name and address on a
postcard or use the coupon at the bottom of
the page for a free catalog by return mail —
no obligation. If you wanttoorder the SLOT
MACHINE program, send $2.00 with your
name and adress and NAIL will send you by
return mail the SLOT MACHINE game
cassette and the new free catalog. You do
not have to buy anything to receive the
catalog. If you want to order the SLOT
MACHINE program at the special
introductory price of $2. you may do so.

NAIL programs are reasonably priced. They
will enable you to get so much more
enjoyment from your PET, whether in
machine language or BASIC, you may
discover some things in the NAIL programs
you didn't know before. If you're really
good, we may be interested in purchasing
programs from you for distribution to NAIL

Circle 268 on inquiry card.

customers. (see below — Do you write
programs?).

What is your time worth?

How long would it take you to enter a
program with 300 lines of code, and then
debug it? Even if you figure your time is
worth only the minimum wage, you can
order most NAIL programs for less than
your time would be worth to enter the same
program from a printed listing. NAIL
cassettes each contain just one program.
No searching through a halfdozen othersto
find what you want. Just slip it in your PET
and within seconds your program is loaded
and ready to run.

Know what you are buying.

The NAIL catalog gives lengthy and
complete descriptions of programs offered,
including actual unretouched off-the-
screen photographs of the program in
action. You will know just what you are
buying.

You will also know just what the program
does, how it works, and thus be able to
decide if you want to order it. No more
having to order four or five programs on a
single cassette in order to get just the one
you want.

Do you write programs?

NAIL is interested in purchasing
sophisticated, well structured, and
completely debugged programs.

Although there are already CHESS,
CHECKERS, BACKGAMMON and other
similar program in the NAIL inventory, NAIL
will buy programs of the same games
provided they are substantial improvements
over the ones already in inventory.
Adversary programs are played against
each other. Programs may be in either
BASIC or machine language.

**NAIL is a trademark of National Artificial
Intelligence Laboratory
Copyright 1978 NAIL

Machine Language programming?
Then you might consider the NAIL SYS
7171 machine language monitor for PET. it
is written in machine language and comes
ready to use with complete written
instructions. Written in machine language,
it uses only 5 pages of RAM (1,283 Bytes)
leaving 5884 bytes free for programming.
Enables you to load and save in both
machine language and in BASIC. Also
allows you to append one BASIC program
to another.

Once loaded, the SYS 7171 machine
language monitor stays in the machine in
protected high memory until you turn off the
power. You can skip back and forth to and
from BASIC to the monitor.

Displays contents of a/ll memory, including
ROMS. Do not confuse this monitor with
destructable non-versatile types offered by
others.

This is the only monitor currently avaiiable
which provides for coresidence of BASIC
and machine language programs and the
capability of saving either on cassette or a
combination of both. The ultimate in
versatility!

Cassette of monitor, instructions, and
license for your personal use on your
machine for 50 years. $29.71.

Send coupon below now for your copy of
the new free NAIL catalog of cassette
programs for PET. If coupon is missing,
send name and address on postcard to
NAIL, Box F, Mobile, Al. 36601 and request
catalog #8B.

The descriptions of the programs are
extensive and usually have sample pictures
taken right off the PET screen. This is
important so that you know just what you
are getting when you order.

*PET is a trademark of Commodore
Business Machines

1
# NAIL, Box F, Mobile, Al. 36601 RT 164 =
| Please send me the items checked: ]
B ___ New free NAIL catalog, without obligation. [ |
= —_Sample Slot Machine cassette — | enclose $2. ]
(limit 1 per order) =
= _ 1 write programs in __BASIC, __machine language, and may be interested in ]
@B your distribution of them. ]
= ___8YS 7171 Machine Language Monitor (for 8K PET) — | enciose $29.71 | |
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i Name ]
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GATEWAY

(a) (b) LINK

GATEWAY

LINK
USER D USER D

o o
O yseR A
QUSER A s

O CENTRAL MESSAGE O CENTRAL UNIT

STORAGE COMPUTER

[e} o] [e} o
USER C USER B USER C USER B

Figure 6: Two types of
gateways that could be
used. Figure 6a shows a
generalized gateway that
contains a central message
storage computer that dis-
tributes messages to all of
the users in the local
group. A distributed gate-
way, figure 6b, would have
the communication Ilink
enter through one of the
users in the network.

loaded at first, it can be started using con-
ventional radioteletypewriter techniques.
Additional channels can be added using dif-
ferent modulation techniques for the ad-
vanced gateways as use increases. This will
allow people with both types of equipment
to have access to the system,

Gateway Requirements
There is no need for the central message

storage computer in the local network to
also act as the gateway to the satellite net-

(a)

\ /OA/

0,
wﬁs

(b) SATELLITE
VNS
SN
s 7 NN
\

Figure 7: Propagation considerations. When two radio stations
are communicating via shortwave propagation by bouncing
signals off the ionosphere, it may be difficult to tell exactly
which station you are communicating with since the jono-
sphere is a dynamic medium. Introducing a satellite as in figure
76 will alleviate this difficulty by not using the ionosphere for
propagation.
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work. Figure 6 shows two network config-
urations. In figure 6a the central relay com-
puter is the gateway, and in figure 6b user
A is the gateway. Figure 6b can be con-
sidered an example of distributed processing
within the network. In this case, the central
relay forwards all messages with destinations
outside the local network to user A when
user A comes on line. Thus, if user A does
not own a computer but has the equipment
to communicate via the satellite, messages
can still be sent to the satellite. Similarly, if
user A does have a computer, it can come on
line, get the messages for forwarding, then
go off line and communicate with the satel-
lite. When the satellite moves out of range,
the computer can come back on line with
replies. Uset A can define this mode because
he or she may not be willing to donate the
computer to the network full time.

Why the Satellite?

It was stated earlier that radio amateurs
can communicate worldwide using radiotele-
typewriters by means of shortwave. Why not
choose a shortwave frequency that is standard
for all gateways and do without the satellite
completely? Radio amateurs do operate in
autostart mode on shortwave but these con-
ventional shortwave communication paths
possess many undesirable characteristics
when compared with a satellite link. The
professionals have long recognized this and
are switching over from conventional short-
wave communications to satellite communi-
cations as quickly as possible.

Let us consider some of these problems.
The ionosphere that reflects shortwave sig-
nals back to earth is a dynamic reflecting
medium. Its properties change from minute
to minute, are different during the day and
night, and are affected by solar activity.
Solar flares on the sun may enhance or de-
tract from the reflecting properties of the
ionosphere at any particular frequency,
sometimes eliminating them entirely. Thus
the situation shown in figure 7a is typical
of the conditions under which radio ama-
teurs operate. Stations A and B are in con-
tact with each other. Station C can also
hear A but cannot hear B because those sig-
nals are skipping over station C.

During the contact between A and B con-
ditions may change so that B becomes able
to hear C but unable to hear A. Station D,
who cannot hear A, B or C, may begin to
transmit and (as conditions change) inter-
fere with A, B or C. Alternately, C may not
know that B is transmitting and may call A,
thus causing interference to B's signals as
received by A. Since one can’t receive on
one’s own frequency during transmissions,



one can't determine if any interference is
present on the frequency. One could not
determine its effect at the other station’s
site even if one could monitor the trans-
mission,

Users of shoriwave radioteletypewriter
autostart recognize the problems associated
with that mode of operation. The effects of
propagation can be compensated to some
extent by using relatively complex terminal
units. At present there is no option but to
put up with the idiosyncrasies of the ion-
osphere. However, the use of satellites for
communications links can change all that.
The satellite relay is depicted in figure 7b.
Using frequencies that pass through the
ionosphere with little or no reflection, all
stations can transmit signals up to and re-
ceive signals from the satellite. A satellite
transponder works in a similar manner to a
terrestrial VHF repeater. Signals received by
the satellite on one frequency (uplink) are
amplified on board and retransmitted to
the ground on a second frequency (down-
link). Since the uplink and downlink are at
different frequencies, it is possible to listen
to your own signals coming back from the
satellite. Thus, if any one channel is busy, all
users can hear the signals and will know that
they should wait until the frequency is clear
before initiating a transmission. Since every-

body can hear everybody else, the communi-
cation satellite provides wide area coverage
nearly equal in performance to the local
VHF repeater as far as the user is concerned.

Viability of Satellite Link

Implementing an amateur computer
commuriications network by means of a
satellite poses far fewer operational prob-
lems than implementing the network by
means of conventional terrestrial relays.
Thus it may be desirable — but is it viable?

The Radio Amateur Satellite Corporation
(AMSAT) is currently building two satellites
capable of meeting the space segment re-
guirements for thc network. AMSAT has a
proven record in the construction and day-
to-day management of Orbiting Satellites
Carrying Amateut Radio (OSCAR). The
first amateur built satellite was constructed
by Project OSCAR in California and
launched in 1961. OSCAR I, Ill and IV
followed over the vyears. These satellites
were  short-lived experimental spacecraft
that proved that amateurs had the capabil-
ity to build and communicate through
space satellites.

AMSAT, tounded in 1969, arranged the
launch ot OSCAR V, built by a group of
amateurs  at - Melbourne  University  in

ATTACH GROUND-STRAP | PLACE INSERTER OVER L. | LoCK INSERTER 1C INSERTION TOOL
‘L 36-40 PIN (MOS-SAFE
Unique new insertion tool. Also aligns bent-
out pins. A twist of the handle compresses
the pins to proper .600 inch spacing and
locks the IC into the tool. Then simply place
= the tool on the socket and depress the
: plunger for instant and accurate insertion.
w— Features heavy chrome plating throughout
for reliable static dissipation. Includes termi-
nal lug for attachment of ground strap.
; INSERT I.C. REMOVE INSERTER “LOADED" P.C. BOARD
MINIMUM BILLING $25.00 ADD SHIPPING CHARGE $1.00
NEW YORK STATE RESIDENTS ADD APPLICABLE TAX
OK MACHINE & TOOL CORPORATION
3455 CONNER ST.,BRONX,N.Y. 10475 U.S.A.
“ TELEX 125091
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/EAST COAST RANGE LIMIT

COMMUNICATIONS
WINDOW

WEST COAST RANGE LiMIT~

Figure 8: Coast to coast communication. As the Phase 11 satellite orbits, it
is in a position to relay messages between the East Coast and the West Coast.
Communication is possible only when the satellite is passing through the win-
dow (overlap occurs two or three times a day).

Australia. This was the first amateur
built satellite that could be commanded
from the ground., AMSAT used that
capability to turn a beacon off during the
week and on during weekends so that the
majority of radio amateurs who were at
home on weekends would be able to re-
ceive its signals. AMSAT subsequently con-
structed and obtained launches for the
AMSAT OSCAR VI, VII and VIII space-
craft. These satellites were long life com-
munications relay spacecraft, and contained
equipment built by amateurs in Germany,
Canada, Australia, Japan and the US. AMSAT
OSCAR VI, launched in 1972, had a design
lifetime of one year but operated success-
fully for almost five years until its batteries
failed. AMSAT OSCAR VII, launched in
1974 with 3 year design life, is still going
strong. AMSAT OSCAR VIII, launched as
a replacement for the AMSAT OSCAR VI
spacecraft, was put into orbit in March 1978,

These satellites, although relatively dif-
ficult to use, provide reliable communica-
tions links to radio amateurs separated by
ground distances of up to 2400 km (1500
miles). The satellites travel in low orbits
and hence are only within range of any one
particular ground station for at most 25
minutes at one time, up to six times a day.
Being in low orbits, they travel relatively
fast; consequently signals relayed through
them are subject to Doppler shifts. How-
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ever, these satellites have shown the prowess
of the radio amateur.

AMSAT is a worldwide organization with
members in over 80 countries. Their satel-
lites are used daily for educational demon-
strations of the space sciences in schools
all over the world. Free applications liter-
ature and ideas are available for the asking
from the American Radio Relay League.
These educational aspects were the prime
reasons for NASA agreeing to provide
launch places for them as secondary pay-
loads. The European Space Agency (ESA)
has agreed to provide a launch for the
first AMSAT PHASE !l spacecraft in late
1979. Thus, since AMSAT has a proven
record and a launch date for the first
PHASE [Il satellite, a satellite based
amateur computer communications net-
work is viable.

Using the Satellites

Although the first Phase Il spacecraft
will not be launched until December 1979,
AMSAT OSCAR VIl and VIII are up there
and usable. It was these satellites that drew,
and are still drawing, radio amateurs into
personal computing. The orbits of these
satellites, unlike that designed for the
PHASE I11 satellite, are such that the space-
craft pass from horizon to horizon in less
than 25 minutes. Amateurs soon found that
communicating via these Phase Il satellites
required one hand to point the antennas,
one to tune the receiver, one to tune the
transmitter, another to hold the Morse
code key or microphone and yet another
to log the contact. Unlike the octopus,
radio amateurs have only one pair of
appendages and have therefore turned to
computers for help. Computer programs
have been developed that track the satellites,
point antennas and calculate and compen-
sate for Doppler shifts. AMSAT ground
command stations have been using micro-
processors ever since the days of the 8008.
The Phase 1l spacecraft is itself controlled
by a COSMAC microprocessor.

AMSAT now has an ongoing project for
its members to build a low cost S-100 bus
8080 or Z-80 computer. AMSAT members
have developed S-100 based hardware to
interface antenna controtlers to the com-
puter, high power debugging software, and
even a high level language called IPS. Thus
any satellite user who is also interested in
personal computers could set up a gateway
for the local VHF radioteletypewriter re-
peater to use the Phase |l satellites for re-
laying messages. The gateway would store
messages until the satellite came into range
and then forward them to the destination



gateways. Figure 8 depicts how such a mes-
sage might be transferred from the East
Coast to the West Coast of the United States
as a Phase Il satellite passes over. However
this technique is only practical for experi-
mentation and relaying short messages.

Using Phase 111 Satellites

The AMSAT Phase [1l satellite will be
placed in an elliptical orbit with its apogee
(highest point) in the northern hemisphere.
Studies by AMSAT have determined that
this orbit would provide optimal service to
the world’s radio amateurs, most of whom
live in the northern hemisphere. The satel-
lite, whose orbit is sketched in figure 9, will
be available for periods of between eight and
11 hours twice daily. Once the satellite gets
reasonably above the horizon, there will be
minimal Doppler effects, and pointing an-
tennas will not be a problem because the
apparent rate of travel will be slow. AMSAT
will provide simple tracking software that
will enable anyone to point an antenna at
the satellite. This information may even be
provided over the satellite, The satellite will
be usable by any one station for periods of
between 16 and 22 hours each day. This will
allow communication links to be set up
between any gateway in the northern
hemisphere and any other one.

Summary

This article has discussed several new con-
cepts in personal computing. It has outlined
how amateur radio can easily provide area
wide communications networks by connect-
ing message storage computers to both the
telephone line and the amateur radio VHF
repeater. This allows computer experi-
menters access to the network without an
amateur radio license. The AMSAT OSCAR
amateur radio communication satellites can
provide the computer enthusiast with an
operationally simple worldwide personal
computing network ®

ORGANIZATIONS

AMSAT, the Radio Amateur Satellite Corp, POB
27, Washington DC 20044.

The American Radio Relay League, OSCAR Dept,
225 Main St, Newington CT 06111,

REFERENCE
DuBois, John L, “A Real Time Tracking System

for Amateur Radio Satellite Communication An-
tennas,”” AMSAT Newsletter, March 1978.
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Figure 9: Typical orbit of the Phase 111
satellite. The greater the altitude of the
spacecraft, the more ground it sees and thus
the greater the communications range. The
Phase 1l orbit at 1440 km allows communi-
cation ranges of up to 2400 km. The Phase
111 orbit, with a much higher altitude, will
provide communications over the entire
northern hemisphere and much of the
southern hemisphere.
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Distributed Network

This article describes a study in loosely
coupled distributed networking conducted
as part of my graduate degree plan at the
University of Houston at Clear Lake City
TX. During the past two years, development
work has been focused on implementing a
modular microcomputer system used in the
classroom as a teaching tool. The study uses
the basic architecture as the foundation for
the formulation of the network.

Primary Modules

There are basically two modules needed
to form a network of this type. First, a
module is needed to cffect communication
between the processors which arc part of
the local network. This module is termed
a ‘“protocol module.” A protocol module
is essentially a block of 16 memory locations
regarded as programmable memory by one
processor and as read only memory by the
rest of the processors in the local network.
The protocol modules for each of the other
processors in the local network function
independently of the other protocol mod-
ules, Therefore, concurrent reads of system
information are possible.

Second, a module for sharing resources
is needed. This module is termed the “*shared
slot arrangement,’” an interface to the basic
microcomputers in the local network. The
shared slot arrangement is cssentially a bus
switch capable of logging and returning
status and control information. The hard-
ware of the shared slot arrangement, bascd
on current control information, either
“makes”” or “‘breaks’” a digital signal path
between one of the local processing elements
and a shared slot with its attached interface.
Each shared slot arrangement is capable of
controlling four shared slots that are inde-
pendent of one another. Software routines
which form part of an integrated operating
system control the shared slots through the
shared slot arrangements.

Example

As an example, figure 1 shows threc
processors loosely coupled by using shared
slot arrangements and protocol modules.
The user at processor 2 would like to read a
file from the disk unit which is dedicated
to processor 1. The user at processor 1

would like to print the contents of a file to
the line printer on processor 3. The shared
8 K byte memory block is currently con-
trolled by processor 2. The following oper-
ations describe a sequence to effect such
transfers of information.

The executive software communicating
with user 2 generates a disk access protocol.
The disk access protocol contains all of the
information necessary to retrieve the desig-
nated file. Processor 1 is then interrupted
by processor 2. Processor 1 recognizes the
interrupt request and protocol communi-
cation as a disk access protocol. Processor 2
then passes the shared slot with the 8 K
memory block to processor 1. Processor 1
reads the designated file from the disk unit
into the 8 K memory block. Then processor
1 passes the shared slot with the 8 K
memory block back to processor 2. Pro-
cessor 2 may then use the file’s contents as
desired by user 2.

User 1 has requested a shared slot with
an 8 K memory block which is to be used to
transfer a file to the line printer. Since
processor 2 has finished with the shared slot
and its attached 8 K memory block, it passes
the slot over to processor 1. User 1 then
reads the requested file into the 8 K memory
block. The protocol for printing the file is
initiated (processor 1 interrupts processor 3).
Processor 3 recognizes the interrupt request
and the line printer access protocol. Pro-
cessor 1 then passes the shared slot and the
8 K memory block over to processor 3.
Processor 3 reads the contents of the mem-
ory and prints them to the line printer.

Even though the description is tedious
and long, the actual transfers of information
are quick and relatively easy. It is important
to note that the software is distributed
among the three processors in the local net-
work. The software is therefore broken into
distinct modules best suited to their host
processors and current configurations. This
keeps the software overhead per processor
small in relation to the user buffer areas and
user support programs.

Shared Slot Arrangement Hardware

The shared slot arrangement is used to
extend the bus of an existing microcomputer,
The actual switching mechanism is under the
control of small software subroutines dis-
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Figure 1: Loosely coupled network using protocol and shared slot modules.

tributed throughout the local network. An
8 line to 1 line multiplexer is used to con-
struct the actual switching mechanism.
Three lines, which describe the current pro-
cessor number, determine which of the
switches is to be made or broken. When a
connection is broken, the shared slot is said
to be deallocated. The status lines then
reflect this condition. When a shared slot
connection is made, it is allocated and the
status will again reflect the change in the
condition of the shared slots. The last
available status can be read by any pro-
cessor in the local network at any time. This

also holds true for the current processor
number (see figure 2).

Protocol Module Hardware

Figure 3 shows how the protocol modules
are controlled by the receiving processors in
the local network. Processor 1 is the origi-
nating processor in this example. It has 16
programmable memory locations which it
uses to communicate with the other pro-
cessors of the system. The other processors
in the system each have a protocol module
capable of reading one of those 16 memory
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ADDRESS /DATA AND
CONTROL
FROM PROCESSORS
L
A T l l ALLOCATE
CURRENT T x 7 CURRENT PROCESSOR
STATUS  { c \ / NUMBER = 001,
(T0 PRO- H \ / {TO PROCESSORS)
CESSORS) € ¥ DEALLOCATE

UADDRESS /DATA AND CONTROL TO/FROM SHARED SLOT

SHARED SLOT AND ATTACHED
MEMORY OR INTERFACE

Figure 2: The existing processor bus can be extended by adding a shared slot arrangement.
The actual switching mechanism is software controlled.
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Figure 3: Protocol modules are controlled by the receiving processors within the local network.

locations. However the other processors
(receiving processors) are unable to write
to these memory locations. Therefore these
memory locations look like read only mem-
ory to each of the receiving processors.

Since each receiving processor has a
protocol module unique to each of the other
processors, it may read another processor’s
protocol independent of the other pro-
cessor’s reads. The receiving processor has a
multilevel interrupt interface that deter-
mines the number of the processor generat-
ing the interrupt. It is from this interpreta-
tion that the receiving processor determines
which protocol to read. A protocol module
then decodes the byte specification (from
the receiving processor) to determine which
memory location (from the originating
processor’s communication area) is to be
transferred to the receiving processor.

By multiplexing the memory in this
fashion, a considerable saving in actual
wire connections is possible. Instead of

running 128 lines between all processors
(this is one way), only 16 lines are run.
These 16 lines carry all the information
necessary to specity a protocol memory
location exactly and also to transmit inter-
rupt request signals from the originating
processor to the receiving processor,

Summary

A loosely coupled distributed network of
microcomputers was formed using protocol
and shared slot hardware modules. System
information is passed in bursts of read opera-
tions by the receiving processors. Software
at the receiving processor determines the
appropriate action to take in each instance.
The software routines also update the shared
slot arrangement status and control signals
and thus allow any of the attached resources
to be shared. By joining multiple copies of
the basic modules, expansion of this frame-
work is easily accomplished.m






Programming Ouickies

100
105
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370

PRINT “"CHECKBOOK BALANCER”
REM “BY ROD HALLEN — TOMBSTONE, ARIZONA-17 DEC 1977"
PRINT

INPUT “STATEMENT BALANCE $", A

INPUT “CHECKBOOK BALANCE $", B

PRINT “CHECKS NOT CLEARED $";

INPUT C,

LET T=T+C

IF >0 THEN GOTO 150

PRINT “DEPOSITS NOT RECORDED $'*;

INPUT D,

LET U=U+D

IF D>0 THEN GOTO 190

LET E=(A-T)+U

LET F=B—E

PRINT

PRINT

PRINT ""CHECKS NOT CLEARED — TOTAL $; T

PRINT

PRINT “DEPOSITS NOT RECORDED — TOTAL $"; U

PRINT

PRINT “ACTUAL BALANCE $'; E

PRINT

IF F>0 THEN PRINT “CHECKBOOK OVER BY $'; F

IF F=0 THEN PRINT ""CHECKBOOK BALANCES"

IF F <0 THEN PRINT “CHECKBOOK UNDER BY §""; ABS (F)
PRINT - — — — — — — — — — e — "
END

Listing 1: Checkbook balancing program written in Processor Technology
BASIC 5.

Checkbook Balancer

66

iCP/M™

; LOW-COST
MICROCOMPUTER
SOFTWARE

CP/M™ OPERATING SYSTEM:

® includes Editor, Assembler, Debugger and Utilities.
® For 8080, Z80, or Intel MDS.

® For IBM-compatible floppy discs.

®

°

i1 SGTRT

$100-Diskette and Documentation.
$25-Documentation (Set of 6 manuals) only.

MAC™ MACRO ASSEMBLER:

® Compatible with new Intel macro standard.

® Complete guide to macro applications.

® $90-Diskette and Manual.

SID™ SYMBOLIC DEBUGGER:

® Symbolic memory reference.

® Built-in assembler/disassembler.

® $75-Diskette and Manual.

TEX™ TEXT FORMATTER:

o Powerful text formatting capabilities.

® Text prepared using CP/M Editor.

® $75 Diskette and Manual.

DIGITAL RESEARCH

P.0.Box 579 @ Pacific Grove, California 93950
(408) 649-3896
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Rod Hallen

Road Runner Ranch
POB 73

Tombstone AZ 85638

| balance my checkbook each month by
adding together the statement balance and
any deposits which are made after the state-
ment date. | then subtract from this the
total of all checks which have been written
but not cleared by the statement date. The
answer should agree with the balance shown
in my checkbook.

The program in listing 1 is my checkbook
balancer written in Processor Technology’s
BASIC 5 for my SOL system. It follows the
formula:

Statement Balance +
Recorded — Checks
Actual Balance.

Deposits Not
Not Cleared =

Lines 120 to 210 input the necessary infor-
mation, lines 220 and 230 compute the an-
swers, and lines 240 to 360 print the results,
Lines 150 to 170 ask for *'checks not cleared”
one at a time and keep a running total.
When you have entered all of the checks,
type O and program control will move to
line 180. Lines 190 to 210 work in the
same way. Entering a 0 after all deposits
not recorded have been entered causes
program execution to move to line 220.

A quick scan through listing 1 will
reveal that the printed results are the total
amount of checks not cleared, the total
amount of deposits not recorded, the
current balance and the status of your
checkbook balance. This last value is indi-
cated as either over or under balanced
and by how much. If the answer is over
or under, you have the task of finding
out why. One thing to remember; if you
haven’t been balancing your checkbook
every month, you may have been carrying
a bad balance for some time without know-
ing it. If the difference is not too large,
the best method may be to enter the actual
balance in your checkbook and run the
program each month from now on.

The task that the checkbook balancing
program performs used to take me ten min-
utes with a pencil and pocket calculator.
Considering that it now takes about three
minutes and is only required once a month,
not much time has been saved. However,
as more and more of my chores are com-
puterized, the amount of time freed for
other uses increases rapidly.

[A variation of this program will be required
for those who use ‘“‘negotiable order of with-
drawal’’ checking accounts which pay about
5 percent per annum interest. .. .CHJm
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/
with a
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Text Editing and
Multiple Process
Display System

from Micro Diversions)

unretouched photo

S -100 Buss

$295 Kit VISA

master charge
$395 Assembled
$15 Owner's Guide only

Micro Diversions, Inc.
8455-D Tyco Road
Vienna, Virginia 22180
(703) 827 -0888
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13" or larger slow phosphor monitor recommended

40 lines, 86 characters/line
UPPER/ lower case full ASClI
with special symbols

Onboard intelligence:

1K byte fast subscreen
control, positioning and text
formatting software

Custom reprogrammable
character generator

for unusual applications

140 page Owner's Guide
covering hardware, software,
system integration

Available from stock
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SOLID STATE
MUSIG IS
MISLEADING!

e won't mislead you any longer. Solid
State Music—the name is misleading
because we're so much more than
just music synthesizer boards. We offer
the widest line of 5100 boards in the
industry. Memory boards for RAM,
ROM, and EPROM. Video interface
and 1/O boards, extender and mother boards, pro-
totyping and vector jump boards, a new CPU board,
and, of course, music boards. So we're changing our
name to SSM¥

You've been enjoying the pleasures of our company
for over four years now. Few competitors can say as
much. In fact, Solid State Music was building quality
boards when the first 5100 bus left the Altair® station.

As SSM* we will continue to offer boards that pro-

vide quality, flexibility, and good design. Boards that
represent value. Nof the least expensive. Not the most
expensive. Simply the best combination of price and
quality available. That's SSM*

Solid State Music has been known for service. Fast
delivery, ready customer support, and a strong prod-
uct warranty. Our name is changing. Our fradition of
service is not. Orders still shipped from stock. A one
year warranty on assembled and tested boards, 90
days on kits. And our people are still on hand, still glad
O answer your questions.

Check out the Blue Boards of Happiness when you're
after Solid State Music quality, reliability, and flexibility,

"backed by the friendly support of the oldest 5-100

board manufacturer in the marketplace. If you liked us
as Solid State Music, you'll love us as SSM.¥

==

2416 Walsh Avenue
Santa Clara, CA 95050
(408) 246-2707

*We used to be Solid State Music. We still make the blue boards.
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routine; the second value, Y, is passed to
the subroutine in the accumulator.

To call TIMOUTN, the following general
procedure is used:

Mschine Laaguage Puzzler

PUSH A
MV A, #Y
CALL TIMOUTN
POP A

Questions
(a) What is the tota/ time delay (calcu-
lated in machine states) obtained
from TIMOUTN if:

1)X=1and Y=1
2)X=2and Y=1
Christopher Strangio 3) X=1and Y=2
CAMI Research 4)X=2and Y=2
43 Bailey Rd
Watertown MA 02172 (b) Which instructions determine the

basic period of delay in TIMOUTN?
What is the period of the basic timing
loop?

Subroutine “TIMOUTN” is used to intro- (c) Itis interesting to note thatif X=Y
duce a time delay in the execution of a main = hexadecimal OF, the time delay
program. The program, written in 8080 provided by TIMOUTN would be
assembly language, is shown as follows: approximately 476,000 years (assum-
ing the processor clock period is 1 us

TIMOUTN: PUSH B 10I per ste?te)! Under'these conditions,
MV B, #X 5 what is the maximum number of
DCR A 5 bytes by which the stack would grow
LOOR P IMOUTN 10 during the execution of TIMOUTN?
DCR B 5 (If X = = hexadecimal FF, the
JNZ LOOP 10 total time delay would be far longer
:,%F;é lg than the known age of the universe,
RET 10 about 4 billion years!)
(d) The period of the basic loop, found

Assume that this many total machine states are re-
quired for each instruction. Note that the call
instruction marked * has been arbitrarily assigned
a fixed time of 10 to sirnplify the calculation.

Two numerical values are needed by
TIMOUTN to define the delay period. The
first value, X, is loaded with an MVI (move

in part (c), can be labeled Q. In terms
of X, Y, and Q, write a simple alge-
braic equation that approximate-
ly describes the total delay of
TIMOUTN. The answers to this
puzzle are found on page 138. But
don't go there just yet; try puzzling

immediate) instruction inside the sub- out the answers first.®

CONTEST!

ERNTRAURARLIS IR

Since we redesigned the Rela: tor Control Board
and brougm its price down to we've heud about lots of
Robots. Solar energy. Modet rallroads. Disco
lights. Time lapse photography. Even an automatic cat foeder

But we want more to | de In our {
saries of applications notes, and this is where you come in.

In case you haven't seen our G Board, It Includes 8

entry form:

tor the

reed relays that respond to an 8 bit word; nddmonally, 8 opto-
isolators accept signals from the outside world for hand-
shaking or further control pu . In essence, you have a
switching system with all the intelligence of a computer at
your command.

So, let your imagination run wild, then tell us your idea for
. you just might win a free way to implement

Name

Street

an application . .
Idea.

(Hnum 5-100 buss compatible Controller Board.
H8 version also avaitable)

MULLEN Computer Products

BOX 6214, HAYWARD, CA 94545

Rulu: For turther information on Mullen Computer Products, locat
store or write us All entries must be po. mummlﬁummmmm
185, 1978, and become property of Muiten campulu Products. Enter as often as you ‘wish,
Dupnntn prizes aw in case of tie. Please print your name ciearly on the entry. Try to
descriptions shori, but if you get carried away describing soma fantastic lc»omn
we'l vmmu Goodiucﬁ,wwm!wummhnﬂngfvaw.
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I saw a form way off in

the darkness. It was

definitely an erect hiped

78

moving through the
trees
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detected a pair of eyeballs peering at me
from between the tree limbs. It was, after
all, the domain of the owl and deer and |
was the intruder.

| was less sure of the effect on Lloyd.
Far away from the accustomed roar of jets
at JFK and the traffic jams on the Long
Island Expressway, he was suddenly very
quiet, almost subdued, as he stared out the
window into the darkness. Suddenly his eyes
became focused on something in the dis-
tance and, gripping the arms of the chair
tightly enough to leave an impression, he
craned his neck to get a closer look. Some-
thing had obviously attracted his interest.

“l saw something!’ he said.

“It’s probably some possum checking us
out or some other smail animal after the
dinner scraps | put outside.”

“No, it’s no animal. At least no small one.
| thought | saw a light too. How many pos-
sums glow in the dark?”

“Don’t be an alarmist. There's nothing to
worry about.”

“Look, there it is again, Steve! | think
someone’s out there.”

I, too, saw a form way off in the dark-
ness. It was definitely an erect biped moving
between the trees and making considerable
noise as it went.

We jumped from our chairs and crouched
together looking out through the screen. The
same thought came to both of us: “Is it
Bigfoot?!”

“Wait a minute,” | said in a hushed tone.
“This is Connecticut. That’s absurd! How
can it be Bigfoot? Besides, since when does
Bigfoot carry a flashlight?”

The bright beam of a flashlight shot from
the stranger’s hand. The dim light revealed a
large man in coveralls dragging a heavy sack
and carrying something over his shoulder.

“He must have a gun!” Lloyd gulped, and
we both dropped to floor level. “Quick! Call
the police or something! Better yet turn on
the outside flood lights. Maybe it wili scare
him away.”

“Look, Lloyd, if you want to become a
moving target walking across the room to
the light switch go right ahead.”

“How come your burglar alarm hasn’t
turned the lights on?”’

| thought about the alarm system for a
moment and then answered, ‘“I've got sen-
sors all over the driveway and the road lead-
ing to the house. | didn’t put them out in
the woods because it's more likely that
someone would come down the road rather
than hike through the woods.”

“How come nobody told Aim that?”

“Look, it’ll pick him up anyway if he
comes within 50 feet of the house.”

Before Lloyd could reply, the man in the

woods stopped in a clear area. The object
slung over his shoulder wasn’t a gun, but a
shovel. He started to dig.

“Steve, do you think he’s burying a body?"”’

| gathered up what courage | could
and decided to go out and confront the
perpetrator before my front yard looked like
the aftermath of Dunkirk. “Come on, let’s
find out what he’s doing.”

As we approached, the man ignored our
presence and kept digging. Occasionally he
pointed his flashlight into the hole, then
dumped the contents of the shovel into the
sack. Was there buried treasure on my
property?

“Excuse me, sir? Excuse me?” | said
softly but with resolve. When | did not re-
ceive a response | stepped closer and re-
peated a little louder, ‘“Excuse me, sir?!”

“Shhhh, Sonny! Da ya wanna scare all
these critters away? It’s hard enough mak-
ing a living these days without everyone
getting into the act. This here is my mound,
Sonny!”

Mound? Sonny? | listened to his voice
closely now and examined his features as
best as | could in the moonlight. His accent
was definitely Maine — deep woods Maine,
and | put his age conservatively at 70. He
seemed harmless enough, but | still had some
unanswered questions,

“Sir, do you mind telling me what you’re
digging?”

He swung the shovel up over his shoulder
and turned toward me. His face was weather-
beaten and aged, yet there was a youthful
glint in his eyes. The gravity of the situation
evaporated as he answered, “Worms.”

“You're digging what?" Lloyd chimed in,

“Worms,” he answered again. “This hea
mound,” he pointed at the area where he
was digging,” is one of the best night crawler
mounds in the county. Youst to be a farm
around here, few yease back. This was the
compost heap. Worms love it, ya know.” He
chuckled as he explained the worm breeding
business to us city slickers. “l been diggin’
around here off an on for 30 yease. Then
someone came along and put a house on it.”
He pointed a boney finger at my place.

“l had no idea . . . ,” | said, somewhat
embarrassed.
“No matter ... them’s still my worms! |

got ten spots just like this one and I’m trans-
plantin’ my worms. You know what a night
crawler like this is worth around here,
Sonny?”" He reached into the hole and sud-
denly | had a handful of worms held in my
face. | took great care to take shallow
breaths lest 1 accidentally gasp and inhale
one of the squirmers.

“No sir. | don’t fish.”

“Well, they’re worth plenty. And | got to


















Figure 2: Optical signal
conditioner and analog to
digital converter that con-
vert light input into a
proportional  digital out-
put. The analog to digital
converter  showt  was
described in  “Talk to
Me: Add a Voice to Your
Computer for $35," by
Steve Ciarcia, fune 1978
BY'TE, page 142.

*Raising the value of this resistor will increase sensitivity. Lowering it will reduce sensitivity {range of resistor values is 4.7 k to 3.3 M§2 ).
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100 REM INFRARED
110 REM
120 REM
130 REM
140 REM
150 REM
160 REM
170 REM
180 QUT 16,0
190 X+=INF(16)
200 IF
210 GOTO 190

220 0UT 16,255

230 FOR T=0 TO X+5
240 NEXT T

250 0OUT 1440

260 RETUKRN

REV. 1.1

THIS FROGRAM CAUSES A SOUNL
T0 LSB OF FORT 16 TO
TO THE AMOUNT OF LIGHT

tection system can be designed that utilizes

the best of both spectra.

The output of the photo sensor is essen-
tially a current proportional to the light
hitting it. The signal conditioner section of
figure 2 converts this to an analog voltage
level. The sensitivity of the photo detector
is governed by resistor RI1; changing this
resistance value will affect both sensitivity
and dynamic range. For the computer to
read this voltage it must be converted to a
digital quantity. While in theory any method,
such as voltage to frequency, or voltage to
pulse width, etc, could have been used, I'm

SENSOR TEST FROGRAM

SOURCE ATTACHED
~BEEF- WITH A FERIOD
SEEN BY THE
S.CIARCIA

X 230 THFN GOSUE 220

FROFORTIONAL
LIGHT SENSOR

Listing 1: Program written in Micro Com 8 K Zapple BASIC that reads the
light level from the analog to digital converter and converts it to a propor-
tional pulse width on output port 16 (in my particular system configuration).

Iuf = |KHZz
N—

— 3
2| o 5
CONTROL [ >——

0-OFF
I-ON

AN

7400

Power connections: +5 V: pin 14
Gnd: pin 7

+5V

Figure 3. Sound source circuit (use with optical scanner test program above).
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a purist. The output of the signal condi-
tioner is fed to an 8 bit successive approxi-
mation analog to digital converter, The
details of this design were outlined in the
June 1978 Ciarcia’s Circuit Cellar in an
article entitled “Talk to Me!’ {page 142).
Two slight modifications were made to the
circuit for this application. The sample rate
was reduced by placing a 0.01 uF capacitor
in parallel with the 150 pF component
already between pins 1 and 6 of IC1, and the
offset potentiometer was readjusted to
allow full scale unipolar operation (ic: 0 V
input would give hexadecimal 00 output and
+5 V input would give hexadecimal FF
output).

The parallel output of the analog to digi-
tal converter is attached to an 8 bit parallel
input port. Either an assembly language or a
BASIC program can be used to read and dis-
play this quantity by querying the inpu!
port (input port 16 in my examples).

Exercising the device with a BASIC pro-
gram is rclatively straightforward. Listing 1
is a program written in Micro Com 8 K
Zapple BASIC which reads the light level
from the analog to digital converter and con-
verts it to a proportional pulse width on
output port 16. If a Sonalert or the circuit
of figure 3 is attached to the least significant
bit of port 16, it will beep. The beep rate
will change as the reflector is pointed toward
various light intensities. Printing out the
analog 10 digital conversion value will give
an accurate account of the sensitivity and
dynamic range.

Add a Stepper Motor for Positioning

Now that we have an etfective light sen-
sor, we must add rotational mechanics to
provide sweep. The simplest method for ro-
tating this relatively lightweight reflector is
to mount it directly on the shaft of a stepper
motor.

An inexpensive stepper motor is available












100 RFM THIS DROGRAM SIMULATES A CLOSED LOOF -RADAR -
110 REM IT SCANS BACK AND FORTH 20 STEFS TN EACH DTREUCTIUN . e ,
120 KEM LOORING FOR A FRESET LIGHT LFVRL k1 THER FRODUCH TC BY Listing 3: A BASIC program that causes the
130 REM OR REFLECTED FROM SOME DEJECT IN {15 SUAN FATH scanner system to seek out and point to a
140 KEM IT WILL STOF SCANNING ANII REMATNG FOINTING AT ANY SUCH . he Ui
150 REM OFJECT IT FINDS. 1F THE ORJEGCT MOVES, THFE SCANNIK WI L FOILOW light source. The scanner tracks the light
;?8 I“f: source as it moves. If the light source is
2y . .

180 OUT 1é+1 10UT 16,255 {REM FRESET STEFFER CONTROULER extinguished or obstructed, the sweep
190 FOR D=0 TO 24 resumes until another source of sufficient
200 OUT 1615 . o
210 KEM TARF ONE Tl OCRWISIE 5TEPR intensity is found.
220 GOSUR G50
230 OUT 14+4
240 GOSUR 480 (REM KFAD SENSOR
328 :g:’ o tion and tracking can be added. It will, as
270 REM KETURN SCAN DELAY now written, follow a flashlight as some-
280 FOR S1 0 TO 10 one walks across a room. It is left as an cxer-
290 GOSUK *50 .
300 NEXT S1 cisc for the reader to drop a net over the
310 REM perpetrator.
320 REM . .
330 OUT 1651 $OUT 16,205 KEM FRESET STEFFER CONTROLLER There arc a few other little things you can
340 FoR heo To v try after you’ve built this gadget. The sketch
5 ’ :
360 KREM TAKE ONE COUNTERCLOCKWISE STEF on page 80 shows the portion of my base-
oo GosUR 550 ment  (the “Circuit Cellar”) immediatcly

’ . -
390 GOSUK 480 :REM READ SENSOR adjacent to the computer system. After
S T o as modifying the BASIC program of listing 3

. a5 !
420 NEXT D to print out a number on ascaleof 1to 9 (a
430 GOTO 180 o PO P T
220 REN -RADNAK- SENSOK KEAD KOUTINE perlgd is 0) md@atmg rel§t|vg intensity, and
450 REM A/D' INFUT 1S ATTACHED TO INFUT FORT 16 turning on a light and lighting a candle, |
460 REM LOW LIGHT LEVEL 1S A VAILUE OF 255 AND HIGH INTENSITY P ; -

1 . -

470 REM IS AN INFUT UALUE OF 0 .nmate‘d a S|n.g|e scan across the room LISF
480 X=INF(16) :REM READ A/D CONVERTER ing 4 is a printout of that scan. The sensi-
I_a_gg ;12 lm;:g;ﬁgg% kngL SET .uu THLS WOULD BE A BRIGHT LIGHT tivity of the device had to be set very high to
% . "N G .
510 RETUKN pick up the candle, and the result was rather
T e interesting. The scan allowed the computer
o - . .
540 REM DELAY TIMER TO COMFLETE MECHANTCAL MOTION EBEFORE READING SENSOR to “see” around the room in front of it.

FOR T:0 TO 25
NEXT T
RETURN

TR-D
M 3 N o |

4.4 4 TR R M

D ezzcez

There is an intense light source to the right
and a rather low level one to the left. By
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PLAY CHESS WITH

MICROCHESS is the culmination of two years of chessplaying
program development by Peter Jennings, author of the famous 1K
byte chess program for the KIM-1. MICROCHESS 2.0 for 8K PETs
and 16K APPLEs, in 6502 machine language, offers 8 levels of play
to suit everyone from the beginner learning chess to the serious

player. It examines positions as many as 6 moves ahead, and
includes a chess clock for tournament play. MICROCHESS 1.5 for
BRIDGE CHALLENGER by George Duisman for 8K PETs, Level Il
16K TRS-80s, and 16K APPLEs: You and the dummy play 4 person
Contract Bridge against the computer. The program will deal hands
at random or according to your criterion for high card points. You
can review tricks, swap sides or replay hands when the cards are
known. No longer do you need 4 people to play! ........ $14.95
ORDERS: Check, money order or VISA/Master Charge accepted;
programs and cassettes guaranteed. If you have questions, please
call us at 617-783-0694. If you know what you want and have your
VISA/MC card ready, you can DIAL TOLL FREE 1-800-325-6400

.o Box 136-811 Personal Software’
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YOUR COMPUTER!

4K TRS-80s, in Z-80 machine language, offers 3 levels of play (both
Level | and Level Il versions are included and can be loaded on any
TRS-80 without TBUG). MICROCHESS checks every move for
legality and displays the current position on a graphic chessboard.
You can play White or Black, set up and play from special board
positions, or even watch the computer play against itself! Available
now at a special introductory price of only $19.95
STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs, 4K
Level | and Il TRS-80s, and APPLEs with Applesoft II: Ten original
simulation games such as Forest Fire, Lost Treasure, Gone Fishing
and Diamond Thief, progressing from elementary to quite complex
with most suitable for schoolchildren. Includes a 64 page book
giving flowcharts, listings and suggested modifications ... $14.95
(24 hours, 7 days; in Missouri, dial 1-800-342-6600). Or you can
mail your order to the address below. Personal Software™ products
are now AVAILABLE NATIONWIDE FROM COMPUTER STORES.
Look for the Personal Software™ display in your local store!

Cambridge, MA 02138
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Computer Assisted Instruction
on a Microcomputer

Maelvin Davidson Computer assisted instruction (CAl)
Director, Computer Center could alter the delivery of education pro-
George A Gerhold foundly. This has been known for years, but
Professor of Chemistry not much has happencd in response, partly
Larry Kheriaty becdause of expensive hardware, and partly

Systems Programmer
Western Washington University
Bellingham WA 98225

because  of lack of quality courseware.
Although minicomputer based CAIl systems
need not be expensive on a per terminal
hour basis, the initial capital investment for
a small number of terminals is too high for
most schoo! systems. (Our campus system
costs 30 cents per hour per terminal amor-
tized over 24 ports for five years at 200
hours per month exclusive of terminals.)
Remote terminals are not attractive because
of prohibitive line costs. Thus the field
is open tor microprocessor based systems.
They are inexpensive to operate; the initial
investment is reasonable; there are no line
costs; and individual systems can be tailored
for particular applications. The difficulty
with microprocessor based systems lies in
the second area, the lack of quality course-
ware.

Production of quality courscware is a
demanding task which requires experienced
teachers as authors, extensive testing with a
variety of students, and repeated editing on
the basis of this testing. Potential authors are
usually not computer aficionados, so pro-
gramming in appropriate high level lan-
guages must be possible. Testing requires
claborate record keeping and file sorting
capabilities, and the collection of results
from multiple terminals. Therefore, the
system requirements for the development
ot quality courseware imply use of a multi-
terminal, large memory system (one beyond

Table 1. Original design objectives for the CAl system.

® Turnkey system with no front panel switches other than a power switch.

® (Central operating system and bootstrap loader module shouid be in read only
memory for cold starts.

® Hardware components should be available off-the-shelf, assembled.

® System should be disk oriented with only the immediately required lines of the
course loaded intc main memaory at any one time.

® \ideo terminal with 24 lines containing 80 characters, the full ASCII upper and
tower case character set, and cursor controls.

® |[mplement as large a subset of PILOT and BASIC as possible.

® Total cost of hardware exclusive of video terminal should be less than $2500.
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the capabilitics of present microprocessors).
Therefore we decided to develop a micro-
processor based system which could be used
to deliver CAl courseware which  was
written, tested and edited on our campus
terminal system. In this way we can combine
low delivery cost with quality courseware.

Our CAIl machine consists ol a micro-
processor, a floppy disk and a video ter-
minal. Our developmental system uses a
Southwest Technical Products 6800 com-
puter, a Midwest Scientific  Instruments
I-D-8 floppy disk systemy or a PerCom mini-
floppy disk system and an Ann Arbor Design
T video terminal. We have completed a
PASCAL version, are working on a Z-80
and multiuser 6800 version, and are con-
templating a 6502 version.  Also, since
December 1977, we have been running test
programs on the SWTPC 6800 system.

We have experience with a variety of CAl
languages including IBM  Coursewriter, a
variation of Coursewriter called CW3-WPL,
and more recently with PILOT. Our fecling
is that a PILOT/BASIC compuosite is current-
ly the optimal fanguage for CAl. The PILOT
language is casy to lcarn, flexible, and
compardtively easy to implement on any
computer system. A PILOT/BASIC semi-
compiler forms the basis of our Western
Terminal System (WTS) campus timesharing
service running on Interdata 32 bit mini-
computers with Telefile 80 megabyte disk
units.

Our initial microcomputer hardware and
software design objectives are summuarized
in table 1. We set the first three objectives
to minimize the level of expertise required
both to assemble and to use the system,
because this intended to be a4 production
system, not just a4 hobby system. Of course,
if an instructor can assemble hardware from
kits, that will be an extra saving. We set the
fourth through sixth objectives to allow
delivery of courses of the size and sophisti-
cation of the CAl courses currently in use at
Western. The price is the lowest possible
consistent with criteria of quality hardware
and coursewadre.

We cventually relaxed our price restric-
tion slightly and selected a Southwest






Four Instructions that Comprise the Central Core of PILOT:

Type the following text.

number variable.

«z »d

Accept an edited answer and assign it as the value of the following string or

Match the answer with the following one or more acceptable patterns.
Jump to the designated instruction.

Additional PILOT Instructions:

Remark or comment.

omcxo

Local Additions to PILOT:

Use a subroutine at the designated label.
End the subroutine and return to the place of call.
Calculate using the following BASIC statement.

: Continue the previous T: statement.
PR: A new problem or course frame.

XI: Execute the following character string as a PILO T statement.
SJ: Jump to a new segment, preserving symbols but clearing tabels.

Table 2: The instruction
set that is being used in
this implementation of
PILOT can be divided into
three basic parts. There are
four instructions that can
be considered as the basic
core of the language. The
second part contains in-
Structions that are not
essential to the operation
of the language but make
it easier to use. The third
section contains instruc-
tions that we huve udded
for our own use.

Table 3. Conditional labels
that can be added to
statements to affect the
order of execution.
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Technical Products SwTPC 6800 interfaced
to a Midwest Scientific Instruments FD-¥
floppy disk system. The 24 line by 80 char-
acter requirement rules out home television
terminal  Kits at present, though we are
confident that this will change now that
both Vamp and Pickles & Trout have home
television  moditication  kits  available.
Interested users should be able to acquire
all the hardware, including the video system,
for under $3000 otf-the-shelf by the time
our initial develupment project is complete.

The Language

Ihe PILOT instruction set that we are
using is summarized in table 2. The values of
arithmetic and  character string  variables
can be included in the text of a T: command
i preceded by a # or a $, respectively, (T:
=X3, T: $B). This feature can be used, for
example, to send special characters 1o d
termingl tor graphics effects. One line ol
input is accepted by an A:r instruction,
multiple spaces e compressed to single
spdces,  automatic uppet and lower case
editing is performed as specitied, and the
response optionally may be saved in astring
ot numetical variable.  The last response
aceepted can be compared with a specified
pattern string which may include the special
characters * to match one character, % to
signity space or end, & to match multiple
characters, and ! to match one sting o

Label Conditions for Execution

The last match was successful.

The last match was not successful

An error flag was turned on.

The dast relational conditione:

WS true.

9 The last A instruction has been
repetitively executed the desiy:
nated number of times.

< cCmZ <

another. The result of the match is an inter-
nally kept yes or no.

Any command can be made conditional
by adding the labels in table 3 between the
command code and the colon following it.
In addition, execution of any instruction is
made conditional by enclosing a BASIC
logical expression, called a relational con-
ditioner, in parentheses between the com-
mand and its following colon. The command
will be exccuted only il the comparison is
true:

T(X <3):

Any instruction can be labeled by an asterisk
followed by from one to six characters:

*LABI T:

The destination of the J: command is a4 label
(J: label); a line number (J: number): the
last accept (J: @A); the next match (): @M);
or the next problem frame {J): @P).

There are three statement modificrs H,
and S. An H modifier can be added to a T
command (TH:) to suppress the automatic
new line scquence (line feed and carriage
return) at the end of an output line. The
match jump code MJ: is used 1o auto-
matically jump to the next M:instruction if
no match is found, and the match code MS:
followed by a pattern allows minor spelling
errors of one wrong character or an inverted
pair of characters.

There are some limitations on the BASIC
statements which can be included directly in
a C:instruction, but because one of the legal
statements is the CALL statement, the C:
instruction imbeds  the  entire  extended
BASIC language into PILOT. However,
only five BASIC instructions are essential
for excecution ot programs (INPUT, PRINT,
DIM, LET, IF ... THEN). Ihe other BASIC
commands make programming easier, but
are not essential. We have chosen to make a
major saving in the microprocessor memory
and system  complexity by limiting  the
BASIC to those five instiuctions. kExtended
BASIC programs will be written and tested
on the campus terminal system and then
machine translated into the five essential
instructions.  these five will be translated
into PILOT as tollows:

BASIC MicroPlL.O]

INPUT A

PRINT T:

IF ... THEN {relationdl conditioner)
LET C: LEI

DIM C: DIM

Thus the only two BASIC instructions which
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I he person who writes a software package
for microprocessors is faced with o difficult
choice. If the package is written in BASIC,
it will use 4 lot of memory and execute
slowly. Certain operations, such as “shift”
and “exclusive or,"” which the microprocessor
can do easily, are not available in the stand-
ard BASIC language. On the other hand,
il the package is written in assembly language,
it will notbe portable. Four separate versions
might be needed for the 8080, Z-80, 6800
and 6502,

This article gives an initial proposal for
the middle level language PL/B. As in assem-
bly language, the programmer is given access
to those operations that microprocessors
can do easily. PL/B programs will be compiled
into machine language; they will not be
interpreted as in BASIC. PL/B is not an easy
language; it is almost as ditticult 1o write a
program in PL/B as it is to write it in one of
the assembly languages. On the other hand,
PL/B programs will be portable.

The first part of this discussion describes
the PL/B language. It is written for the
eaperienced assembly language programmer,
The second part, written tor the person who
has  previously implemented an assembler
or BASIC interpreter, deals with how the
PL/B language could be implemented. The
PL/B language is designed 1o be easy to com-
pile: a4 PL/B compiler should fit into an 8 K
byte computer.

Registers

Table 1 gives the names of the registers
in PL/B and the corresponding registers to
be used on the 6800, 8080, Z-80 and 6502.

The apostrophe in front of the register
name  distinguishes  the  register from a
symbol name.

On the 8080, if indexing with an offset
is used, HL is loaded with the offset, and DE
is added to HL. If indexing without an
otfset is used, DE is just transferred to HL.
In either case, HL is then used for the mem-
ory reference.

Language:

Defining a

PL/B

On the 6502, registers "X and 'L will
oceupy four bytes in page zero of memory .
When indexing is used, the 6302 registet
X will be loaded with the ottset, and the
indirect indexed addressing mode will be
used. The 6502 register Y will be permanently
loaded with a zero, and will be used tor
indexing without an otiset.

Symbol Names

Symbols start with a letter which is tol-
lowed by letters and digits. The symbol may
contain internal blanks (which are ignored)
and may be any length. In PL/B all blank,
carriage return and line feed characters are
ignored.

The symbols in the PL/B language are of
three distinet types:

I name for data storage ared
2. name for a procedure (subrouting)
3. name for 4 constant (parameter)

Ihe name for a4 constant is used when some
parameter will have the same constant value
for any one compilation of the PL/B pro-
gram, but may be changed for another
compilation.

Constants

Octdl numbers are preceded by the back
arrow  or its  equivalent. The  masximum
octal number allowed is <377, except in
arithmetic statements using the 'L oor 'X
register when the maximumeis < 177777.

Hexadecimal numbers are preceded by 8.
[he number of digits in the hexadecimal
number must be a multiple of two. In data
ared initialization ot “dedlaratives,”” a hexa
decimal number may be as long as desired;
in arithmetic statements using the 'L or ’X
register, it must have four digits; tor the "A
register it must have two digits.

Binary constants are preceded by %. The
number of digits in the bindary number must
be a multiple of cight. In dedaratives, the
number may be any length; when using the



L oor "X register, it must have 16 digits; for
the "A register, it must have eight digits.

Decimal numbers have no  prefix. In
dedlaratives, the allowable range is 128 to
255, Of course the numbers | and 255, tor
example, are redlly the same bit pattern.
The only difference is whether the number
is seen as being signed or unsigned. In an
arithmetic statement, the allowable range
(see table 2) depends on the register being
used.

In an arithmetic statement using ‘L, an
dlphanumeric constant is the two ASCII
characters immediately following a For
the 'A register, it is the first character
following a . In declaratives, the constant
is the string of characters surrounded by s,
If a " is to appear within the string, it must
be doubled. That is, ™ " within such a string
would result in just one " being stored in
memaory. In alphanumeric constants, blanks,
carriage  returns and  line feeds are not
1gnored.

One other constant is the address corres-
ponding lo 4 symbol. This is indicated by
preceding the symbol with @. This type of
constant may be used only with the registers
'L or 'X. An address constant may be offset
by using the form:

@ symbol # constant
tor example:
@ I ABLE #10

would give the addiess ol the byte ten bytes
past 1 ABLL.

Declaratives

I he torm of adeclarative which will assign
some memory space tor a symbol and give
the nitial values for that byte ot bytes is:

symbol | value list ;

The 5 is used to end all statements in PL/B.
Lhe value list is composed of one or more
constants,  separated by commas.  The
symbol iy assigned the address ot the first
byte tilled from the value list. For example:

SYMBOL TABLE " 7,$0000;

would set up three bytes containing a blank
and two  binary seroes. SYMBOL TABLE
would be assigned the address of the first
byte.

Ihe EQU  (equivalence) operation
many assemblets is done as tollows:

of

symbol = symbol ;

ot il an otfset is used:

Register Type PL/B 6800
8 bit register ‘A A
16 bit register ‘L M
index register ‘X X
carry bit 'C C

8080 Z-80 6502
A A A
8C BC M
DE tX M
CcYy cYy Cc

Table 1: Registers used by PL[B and in the more popular microprocessors.

Register Range

‘A — 128t0 255
L -32768 to 65535
‘X 0 to 65535
'C 0 to 1

Symbol Direct Reference

symbol #constant to get an offset

#constant absolute address

#'X via index register,
no offset

F'X Fconstant via index register
with offset

symbol ,= symbol # constant ;
or if the symbol corresponds to an absolute
address:

symbol =# constant ;
or if the symbol is the name for a constant
parameter:

symbol ,= constant ;
For example:

END OF TABLE, = TABLE #10;
will assign the symbol END OF TABLE the
address ot the byte which is ten bytes past
TABLE.

Ihe ORG (origin) operation of many
assemblers is done as follows:

# constant ;

(Remember that the constant may be the
address of 4 symbol with an otfset )

lo reseive a block of memory without
giving any initial values, the form is:

symbol + constant ;
For example:
TABLE + 100;

would set aside 100 bytes for TABLE. The
bytes would dall be initialized to binary
£e1roes.

Declaratives will come at the beginning of
the program betore the first procedure or

Table 2: Summary of allowable

ranges for registers used in PL/B.

Register 'A contains eight bits.
Registers 'L and 'X contain 16

bits. 'C js used as a flag.

Table 3. Various ways to address

memory locations.
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AVAV’
]

equal

not equal

greater than

less than

greater than or equal
less than or equal

Table 5: Relational tests
used by if-else-endif state-
ments.
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Statements done
if expression true

/

or:

logical-expression ?

statements done
if expression true

statements done
if expression false

/

The simplest form of a logical expression
is a logical relation:

arena-of-action operation-list test

The operation list may be empty. The test
is a relation followed by a memory reference
or constant. PL/B will generate a compare
unless the constant zero is used and some
previous operation would have set the
condition register. The possible relations are
summarized in table 5.

A logical expression may also be made up
of several logical relations connected by &&
or \. If a logical relation is followed by &&,
and if the relation is false, control imme-
diately passes to statements which are to
be done if the logical expression is false or
to the end of the structure if there are no
such statements. If it is true, the next logical
relation is tested. For example:

'A=N>0 && A =M +1 M<0?
A=l-1.;/

If N is greater than zero, then M will be
incremented, and the result checked. If
that result is negative, | will be decremented.
If that result is zero or positive, | will not
be decremented. On the other hand, if N
is zero or negative, not only will | not be
decremented, but M will not be incremented
either,

If a logical relation is followed by \\, and
if the relation is true, control immediately
passes to the statements which have to be
done if the logical expression is true. If it
is false, the next logical relation is tested.
For example:

'A=N>0\VVA=M+1 M<0?
A=t =15

If N is zero or negative, then M will be incre-

mented and the result tested. If that result
is negative, | will be decremented. If that
result is zero or positive, | will not be decre-
mented. On the other hand, if N is positive,
I will be decremented, but M will not be
incremented.

Loop-endloop Structure

The form of this structure is:

(

statements within the loop

J

When the computer reaches the bottom of
the loop, it will start again at the top. The
loop is exited by using the !; statement within
an if-endif structure. For example, the
following will execute a loop ten times,
using location / to save the count,

'A=10.1;
[

statements in loop

A=l 1 1==021:/]

The !'; may also be used to exit a procedure
early. Multiple exclamation points may be
used, in which case that many loops (possibly
including the procedure itself) will be exited.
In the example above, the test to exit the
loop was put at the end of the loop. This is
not required. The test may be at the start of
the loop or even in the middle of the loop.
One loop may contain several conditional
exit instructions.

All programming needs documentation so
it can be understood. Comment lines start
with an * and finish with a ; like any other
statement.

Input/Output

Input devices will be assigned to letters
of the alphabet. They will be referred to by
an * followed by the letter. The standard
input device will be *I; the standard list
output device will be *L; the standard
device for object program output will be *0.
A program to echo input would be:

(A =*1*L;]]]

The MULTIPLY procedure in listing 1
is an example of the use of the PL/B language.
It leaves in 'L the product of 'A and the byte
pointed to by the argument following the
MULTIPLY call.






MULTIPLICAND ,+ 2;
MULTIPLIER ,+ 1;
PRODUCT ,+ 2;

MULTIPLY [

‘A MULTIPLICAND=1;
* GET RETURN ADDRESS FROM STACK, COPY TO 'X;
* ADD 2, PUT RESULT BACK ON STACK FOR RETURN;
L=@ X +2.@;
* LOAD ADDRESS POINTED TO BY "X INTO 'X;
X ==X
* GET AND TEST MULTIPLIER;
* IF MULTIPLIER N<0, REVERSE SIGN OF BOTH;
* MULTIPLIER AND MULTIPLICAND;
'A=='X MULTIPLIER < 0 ?

‘A =0 ~MULTIPLIER .MULTIPLIER;

‘A =0 -MULTIPLICAND=1 .MULTIPLICAND#1;/
* CONVERT MULTIPLICAND TO 16 BIT NUMBER;
‘A =MULTIPLICAND=1 <0?'A= 1;:'A=0;/
‘A .MULTIPLICAND;
'L =0 .PRODUCT;
* GO THROUGH LOOP FOR EACH BIT IN MULTIPLIER;
* IF LAST BIT OF MULTIPLIER ON;
* ADD MULTIPLICAND TO PRODUCT;
* THEN DOUBLE MULTIPLICAND, AND SHIFT;
* MULTIPLIER RIGHT ONE BIT;
['A =MULTIPLIER == 07?1,/

‘A - MULTIPLIER;

c==12

'L - PRODUCT +MULTIPLICAND .PRODUCT; /

'L “MULTIPLICAND +MULTIPLICAND .MULTIPLICAND;]

‘L = PRODUCT ]

Listing 1. An example multiplication program in PL/B. This
program leaves the product of 'A and the contents of the
address pointed to by 'X in 'L.

106

fDon’t wait ’till it’s
too late...

Order small quantity
Continuous Tax Forms

At last...

Continuous Tax Forms are now available in small
quantities, as few as 50.

Available forms include:

e 3-8 part W-2
* 1099 e 1087
e 1040 s 941

for more information write or call:

18350 Blackhawk St., Northridge. CA 91326
\ Phone: {213) 368-5891 )
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Conditional Compilation

If all the logical relations within the
logical expression of an if-else-endif structure
consist of a symbolic name for a constant
being compared to another constant, then
the result of the logical expression will be
determined by the PL/B compiler during
compilation. If it turns out that some state-
ments cannot be executed, because the logi-
cal expression will either always be true or
always be false, then no code will be gener-
ated for those statements. Normally, the
if-clse-endif structure is permitted only
within a procedure. However, conditional
compilation may be used in the declaratives.
The conditional compilation feature could
be used, for example, to produce different
versions of a program according to how
much memory is available.

In order to keep the PL/B compiler small,
conditional compilation and symbolic names
for constants could be handled by a separate
precompiler program analogous to a macro-
assembler’s macrogeneration pass. The pre-
compiler would eliminate the conditional
compilation ifs along with any skipped code
and substitute the corresponding constant
for any symbolic name of a constant.

This completes the specification of the
PL/B language itself. The rest of this article
considers implementation problems.

Symbo! Table

The symbol table will initially be:
SYMBOL TABLE,” ",50000;
NEXT will point to the next available spot:
NEXT, @SYMBOL TABLE#3;

Every character in the symbol table will be
followed by an address. While looking for a
symbol, the compiler first checks to see if
the current character matches the character
in the symbol table. If it does not, the associ-
ated address will tell the compiler where to
look next for a match. If that address is zero,
then this is a new symbol, and the rest of its
letters must be stored starting at the place
pointed to be NEXT. If it does match the
character from the symbol table, then the
compiler moves up three bytes, and tries to
match the next character of the symbol
starting at this point. The compiler will use a
binary zero for end-of-symbol character.
Once the end-of-symbol character is matched,
then the definition of the symbol can be
found by moving up three bytes. A symbol
definition takes three bytes: one byte tells
what kind of symbol it is; the other two give
the symbol’s address.

The following routine is used to get a
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SEARCH |
‘X = @SYMBOL TABLE;
[ [ "A==#X?Y/
‘A .@;
L=a'X#1==07
‘L=NEXT .#'X#=1.'X;
‘A =@;
[ 'A.#'X;
‘L =0.#'X#1;
#X==07?1,;/
K+H1+1+41;
'GET CHARACTER;
TATTI\NVAS>TZ 0 A > 9 &&
‘A<TA?A.@=0/]
‘A =0.='X=3 . #'X#d & X5,
L =X +6 NEXT;

1/

X ='L;
‘A=@;]
‘A==07?1;/

IGET CHARACTER;

A< UAD> TZNAD>TO R&CA <A ?
‘A @ =0;/]
X+1+1+1;
‘A =@; |

Listing 2: This is a search routine which
tries to match a given symbol against those
contained in the symbol table. When the
routine is finished, 'X contains the address
of the symbol definition and ’A contains the
character following the symbol.

character from the input. It is not used when
constructing an alphanumeric constant.

GET CHARACTER |
["A=*] 1= &&'Al=
“12&& A=« 157
5]
A>1377°A — < 40;/ ]

The routine in listing 2 searches for a match
for a given symbol. When the routine is
entered, the first letter of the symbol is
already in 'A. When the routine exits, 'X
points to the symbol definition (all zeroes
for a new symbol), and 'A has the special
character that follows the symbol.

Forward References

Unlike an assembler, PL/B will be a 1 pass
compiler. Thus at times it will have to back-
track and insert addresses in code already
generated. This is done by generating an
entirely separate line for the loader in order
to stuff the one or two bytes into the address
area of an instruction.

Consider. first a forward reference to a
procedure. The type byte in the symbol defi-
nition for the procedure will not only reveal
that this is a procedure, but that it still is not
defined. In this case, the so-called address
actually points to a list of places where the
address must be inserted when its value is
known. Each cell of this list will be five bytes
long, of which only four are used. This type
of cell will also be used to keep a status stack
for the if-else-endif and loop-endloop struc-

tures currently in use. The cell will contain
two addresses: the first two bytes will con-
tain the address of the next cell on the list
(or zero at the end of the list), and the next
two bytes will contain the address where the
procedure’s address should be placed when
the program is loaded.

Let LOC be the current program counter,
FREE be the pointer to a list of free cells
(this list is initially empty), and let ’X point
to the symbol definition for the undefined
procedure. The routine of listing 3 will add
the forward reference to the symbol’s for-
ward reference list.

The routine in listing 4 fills in the address
when it is known. Let LOC contain the
address of the procedure and let ’X point to
the first cell of the address insertion list.
OBJECT CODE is a routine that produces
object code. The byte which goes out is
placed into 'A and the address where it goes
when loaded is placed into ’X.

It is necessary to keep a status stack of
structures in use. For this stack (last in first
out, LIFO list, not the hardware stack) all
five bytes of a cell will be used. The fifth cell
marks the “type’ of the cell. The possibilities
are summarized in table 6. Thus, there will
be two stack entries for every loop, and one
entry for each if currently active.

When an if is compiled, the code for the ?
will be a branch if true to the code following
the ?, and then a JMP instruction to make
the possibly big jump over the code when
the condition is false. The code for a &&
would be set up to branch to this JMP in-
struction if the preceding condition is false.
The code for \ and && do set up local for-
ward references, which can be handled in a
manner similar to the method given above.
Of course, these addresses are relative and
only use eight bits,

Automically Indented Listing

A separate PL/B listing program should
be provided which will provide an automati-
cally indented listing. Structured programs
are much easier to read if they are properly
indented. In an automatically indented
listing, the listing program removes any
indenting the user may have done (it skips
leading blanks) and indents the listing
according to the structure present in the
user's program. For each level the listing
program should produce two characters at
the start of the line: a vertical bar and a
blank. Remember, if a line starts with a :, it
reduces the “level”” by one for that line only.
If a vertical bar is not available a slash or
exclamation point might be used. The result
isa column of vertical bars stretching between
the top and bottom of a structure. If the
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A Classroom Demonstration

Controlling a System with a Microcomputer
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Garnet L Hill

Physics Dept

Emporia State Univetsity
Emporia KS 66801

Microprocessors are large scale integrated
circuits that consist of a central processing
unit and a control scction, with provisions
for handling parallel binary data in com-
munication with various types of memory
and peripheral devices. The use of such a
small computer is fast becoming an cvery-
day phenomenon. The ubiquitous nature
of small  computers implemented  with
microprocessors makes it imperative that the
complete course in the physical sciences
cover these tools of control in some way.
The purpose of this article is to point out
a fairly simple application which illustrates
how microprocessor control systems can be
demonstrated to students in teaching labora-
tories of engineering and physical sciences.
The example can be used as a classroom
demonstration  or laboratory experiment
suitable for advanced high school or coliege
levels depending upon the degree of detail
provided by the teacher.

The object of this experiment is to
illustrate how a computer program, running
in a simple microprocessor, can be used as
a control element for a system. The micro-
processor and its program form a sort of
complicated “‘black box™ receiving inputs
from sensors and calculating an output
presented 1o an actuator. In the 1960s,
hefore  the existence of microprocessor
technology, such black boxes were often
constructed out of smaller integrated circuits
and programmed by wiring the pins. Earlier
than the 1960s, many of the functions now
commonplace in digital electronics were
simply prohibitively expensive or impaossible
to achieve. The advent of the programmable
processor, however, brought a flexibility of
function not possible with such ‘“hard-
wired” logic: changing a program, the
“software’” of the application, can be done

at the flick of a button rather than through
tedious rewiring.

Setting Up the Experiment

This experiment utilizes a typical educa-
tional microprocessor system, the E&L
Instruments “‘Dyna-Micro” computer which
contains an 8080A processor made by the
Iintel Corporation. The experiment imple-
ments a simple control system designed to
keep the rate of flow of an airstream set at
a value as measured by three simple binary
switch sensors. A stock solid state relay
part with microprocessor compatible TTL
input and 120V at 3 A AC power ratings
is used to turn on and turn off the fan
motor, with a program interpreting the
state of the wind sensors and deciding what
the motor should be doing.

Figure 1 shows the design of the experi-
ment at a global level. Three wind vanes are
placed in front of the fan and displaced
laterally to avoid blocking the wind from the
fan. Due to the mixing of the fan's air
stream with the “still’” air of the rest of the
room, the wind pressure is greatest near the
fan, and least furthest away from the fan.
Thus sensor A experiences the greatest
displacement and sensor C experiences the
least displacement for a given average speed
of the wind. Each vane is a binary sensor:
if the wind speed is above a certain level,
the switch of the sensor is closed; if the wind
is below that level, the scnsor switch is open.
Three bits of digital information are read by
the 8080’s computer program using an
“IN’" instruction for the appropriate port.

The design of the wind vane sensor ele-
ments is simple, as shown in figure 2. The
base of the sensor is a block of wood. The
dimensions are chosen so that the block can
be clamped at the edge of the laboratory
table with the proper spacings as shown in
figure 1. The dimensions of figure 1 are
based on the author's experiences, but
experimentation with the relative spacing
of the sensors and fan can prove fruitful
in demonstrations. Each sensor is a single
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Figure 1: A micropro-
cessor based control sys-
tem. The goal of the
experiment is to keep a
constant rate of air flow
from the fan shown at the
left. Three binary switch
sensors monitor the air
flow. A microprocessor
examines the state of the
sensors and controls the
fan by means of a solid
state relay.
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30cm
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1Sem— 15cm

pole single throw switch which is sensitive
to the air pressure felt by the movable cle-
ment of the switch, an aluminum vane.

The fixed contact of the switch is a
simple piece of #12 copper wire, which is
sharpened to a point at one end, bent into
an “L" shape, soldered to a stranded wire
for connection to the computer circuit,
and inserted into a hole drilled in the
wooden mounting block. When the “L”
is inserted in the mounting block, the
point contact should face “upwind’’ toward
the fan when the mounting block is clamped
into its position in figure 1.

The wind scnsitive moving contact of
the switch has two parts. One part is a sup-
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Figure 2. Detailed view of one of the three binary air flow sensors (typical

for three).
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port frame, also made out of #12 copper
wire, bent into a much larger “L” shape
than was used for the fixed contact. As with
the fixed contact, this support frame has an
interconnection wire soldered to it before
it is inserted into the wooden base of the
switch., The second part of the wind sensi-
tive contact is an aluminum vane measur-
ing 3cm wide by 15cm long including a
suspension hook bent in its end. The vane
was fabricated from scrap sheet aluminum
of about 1 mm thickness. When it hangs
without any wind pressure, the equilibrium
position of the vane should be about 1/2 cm
away from the point contact. The mount-
ing holes for the frame and point contact
should be chosen with this in mind, although
some adjustment is possible by bending the
frame or point contact after assembly.

With this switch design, when the air
from the fan produces a sufficient force,
it displaces the bottom of the vane causing
it to touch the wire point as shown by the
dotted line in figure 2. This closes the
switch. The three switches are used to define
three binary input bits by wiring them to
the circuit of figure 4 (which will be dis-
cussed in more detail later).

With this experiment’'s physical design,
how can we obtain the desired behavior of
an dir flow sufficient to deflect switch A
into a closed position, but insufficient to
deflect switch C into a closed position, with
switch B “"hunting’™ a stable state? Basically,
this is achieved by turning the motor of the
fan on and off based on the sensed condi-
tions of all three switches. Let’s consider
each switch in turn:

First, if switch A is open we definitely
do not have enough air flow, since we want



TARBELL SOFTWARE
Extensive & Inexpensive.

TARBELL CASSETTE or DISK BASIC
only $36.00

Most features of ALTAIR™ Extended BASIC are includ-
ed PLUS these added features:

® Assignment of 1/0

® Alphanumeric line labels are allowed

® Read and write string data

® Unlimited length of variable names and strings

® Procedures with independent variables

® Number system 10 digits BCD integer or floating point
Included are commands unigue to Tarbell BASIC which
provide capabilities to:

® Chain to another program ® Assign a physical device to

a logical device ® Drop an /O channe! previously assign-

ed ® Cause programs to be appended onto programs al-
ready in memory ® Call a procedure and pass variables on
the list ® Cause interpreter to enter edit mode using 15
single character edit commands.

Tarbell BASIC occupies 21K of RAM.
Tarbell BASIC on cassette - $36

Tarbell BASIC on CP/M Disk - $36
Tarbell BASIC Source on paper - $25
Tarbell BASIC Source on CP/M Disk - $25

CP/M Disk Operating System

The 1/0 section of this software has been modified
to operate with the TARBELL Floppy Disk Interface in
24K bytes of memory. Five commands permit listing of
directory, typing contents of an ASCII file, renaming
a file, erasing a file from disk, and saving memory on
disk. Fourteen programs are included which are invoked
like commands. Six source files are included for transfer-
ring between TARBELL Cassette and disk, cold-start
loading, Basic 1/0 system with drivers, and reformatting
crashed diskettes. Documentation includes a listing of
BIOS and instructions to patch CBIOS for your system.
Price is $100 on CP/M diskette with documentation.
{CP/M is a product of Digital Research).

CP/M 1.4 Update Package

A TARBELL Update Package for those now using
CP/M 1.3 is now available on diskette. The Update
Package adds new commands and the ability to access
four disk drives, as well as 2 new CP/M manuals, TAR-
BELL CP/M User’s Guide and a new BIOS listing.
Price: $50.00.

This 8080 program will save many hours of computing
time. It intercepts all output to the list device, spools the
output to a high-speed disk file, and directs the spooled
data to a low-speed printer during unused cycle time while
the CPU waits for transfer of data to and from the console.
System throughput is greatly increased with the aid of
SPOOLER. Output is never lost due to insufficient memory
allocation. Fully compatible with the CP/M file system,
SPOOLER permits parallel processing without hardware
interrupt, and with minimal impact on other processes.
Price: $70.00 (Copyright KLH Systems.}

Circle 360 on inquiry card.

[ 1
BASIC-E Compiler

Designed to work with CP/M Disk Operating System
this software requires a total of 20K bytes of memory.
Included are 26 compiler error messages and 23 run-time
error messages. Disk files may be read, written or up-
dated by using both sequential and random access. In-
cluded are blocked and unblocked files. Price for com-
piler and run-time monitor on diskette is $10.00. Manual
is available separately for $5.00. (Public domain soft-
ware by Gordon E. Eubanks, Jr.).

CBASIC Programming System
Upward compatible from BASIC-E, CBASIC is simi-

lar but expanded to include several business oriented
facilities, allowing decimal computations to 14 digits of
precision, data formatting and PRINT USING state-
ments. Statements allow access to disk files and disk
file maintenance. Strings of characters may be read from
the console to permit correct input line format to be
checked before reading data. General programming fea-
tures include variable names up to 31 characters, option-
al line numbers, dynamic debugging tracers, and optional
data output to printer. CBASIC on diskette and manual
priced at $100. (Copyright Software Systems.)

|

EMPL-an 8080 APL

Especially suited to educational applications, EMPL
is an adaptation of APL, using the ASCII character set.
Only one-dimension arrays are allowed. This 8K version
occupies the first 5376 bytes of memory and operates in
two modes. The Execution Mode permits all instructions
to be executed immediately. The Definition Mode per-
mits the user to enter functions. EMPL on Tarbell Cas-
sette with manual is $15. (Copyright 1977 Erik Mueller).

*ALTAIR is a trademark/tradename of Pertec Computer Corp.
**CP/M is a trademark/tradename of Digital Research

950 DOVLEN PLACE ¢ SUITE B e CARSON, CALIFORNIA 90746
(213) 538-4251 » (213) 538-2254

BYTE November 1978 115




START

NOPS OR tOmS
DELAY LOOP

i

OQUTPUT A SET
PULSE FROM
CHANNEL#3
TO TURN
FAN ON

NOPS OR I0mS
DELAY LOOP

|

NOPS OR (OmS NOPS OR 10m$S
DELAY LOOP DELAY LOOP
OUTPUT A RE-
INPUT SWITCH SET PULSE
DATA FROM FROM CH #1
CHANNEL #2 TO TURN
FAN OFF

Figure 3: Flowchart of the air flow experiment.
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switch A to be held closed all the time. Thus
the motor must be forced on uncondition-
ally if switch A is open.

But if switch A is closed, then we may
have enough air flow already, but we might
in fact have too much air flow. If switch C
is then tested and found to be closed, we
know that the air flow is too much, and
must unconditionally turn off the fan
motor.

If both switch A and switch C have nor-
mal “steady state” conditions of being
closed and open respectively, then switch
B is used to directly control the state of the
fan motor. If switch B is open then its vane
is not deflected enough, so the fan motor
is turned on; if switch B is closed, then its
vane is deflect enough so the motor is turned
off. The inertia of the fan blades smooths
out the sudden jerks of power to the motor,
so that the effect of control exerted by
switch B is to keep its vane just at the point
of touching the contact.

This logic is shown in flowchart form as
figure 3. The fineness of the control of the
wind speed {and switch B’s vane position)
can be set by the amount of delay “wired”
into the software of the flowchart. This

flowchart implements a “dynamic” equilib-
rium situation through active control. The
behavior of the system under different
amounts of time delay is well worth inves-
tigating in the tutorial laboratory. How does
the inertia of the fan blades (and consequent
sluggish response to commands) affect the
stability of the system? How does the
amount of the delay in the control flowchart
affect the stability of the system? Is it
possible to use sensor A or sensor C alone
to control the loop? Many, if not all, the
experiments to be performed on this system
can be implemented simply by changing the
program running in the microprocessor.
This ease of change (for a new program need
only be typed into the entry keys of the
processor) is one of the main reasons why
inexpensive computers are now being
widely used to control such systems.

A Look at the Details

The components used in the fan control
system are shown in figure 4; they were
breadboarded on the SK-10 socket of the
Dyna-Micro 8080 based microcomputer.
The 120 VAC fan was turned on or off by
the Hamlin optically isolated solid state
relay. All three sensor switches were wired
with “pull up’ resistors to +5 V. When the
switch is closed, O V or a logic zero is input
to a pin of 1C2, the 8095 three state buffer,
and when the switch is open, 5V or a logic
one is input to pin 2. The data from the
8095 buffer, IC2, is input to the accumula-
tor via bits D¢y, Dy, and Dy on the data bus
of the computer when a negative 1.333 us
device select pulse strobes pin 15 on the
8095 chip. This pulse occurs as a result of
addressing 10 port 2 with an IN instruction
in the program. The 74154, IC1, serves as
a 4 to 16 line decoder which directs device-
coded control signals to the 8095 buffer or
the 7476 flip flop chip, depending on which
8080 port was seclected. A set pulse is
applied to the 7476 flip flop, IC3, to turn
the fan on. The flip flop serves as a memory
to keep the fan on until the next bit control
signal is passed to it. The fan is turned off
by a negative-going pulse applied to the
clear input of the 7476. The TN and OUT
signals coming from the 8080A microproc-
essor are connected to the 7408 AND
gate, 1C6, and form a negative logic OR
gate for the 74154 by DeMorgan’s theorem:
A&B=A+B,AorB=A&B.

The 8080A microprocessor is capable
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Figure 4: Control circuitry for the air flow experiment.
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of handling much more complex control
systems than the example given here. In this
control experiment, as in many simple
laboratory tasks, control of a single bit
(the fan motor state) is all that is necessary.

Fan Contro! Program

The program for controlling the fan
consists of only the 38 bytes of machine
language instruction which are given in
listing 1.

If the fan can produce enough wind, the
dynamic equilibrium condition described

CALL DELAY CALL SUBROUTINE DELAY IN KEX
CALL DFLAY FOR 20 MS DELAY.
IN 2 INPUT SWITCH DATA ON CHANNEL 2.
RRC ROTATE ACCUMULATOR RIGHT ONE BIT;
TEST FOR A SWITCH DATA, LSB - MSB
AND CF.
Jc ONFAN CONDITIONAL JUMP TO ONFAN IF CF=1.
RRC ROTATE ACCUMULATOR RIGHT TWO BITS
RRC TO TEST SWITCH B DATA.
JNC OFFAN CONDITIONAL JUMP TO OFFAN IF CF=0.
RLC ROTATE ACCUMULATOR LEFT TWO BITS
RLC TO CHECK SWITCH B DATA.
JNC OFFAN CONDITIONAL JUMP TO OFFAN IF CF=0.
ouT 3 INPUT TO TURN FAN ON.
CALL DELAY CALL SUBROUTINE DELAY IN KEX
FOR 10 MS DFELAY.
JMP NEXTI UNCONDITIONAL JUMP TO INPUT NEXT
SWITCH DATA.
our 1 QUTPUT TO RESET OR TURN FAN OFF.
CALL DELAY CALL SUBROUTINE DELAY IN KEX
FOR 10 MS DFLAY
JMP NEXTI UNCONDITIONAL JUMP TO INPUT NEXT

SWITCH DATA.

Listing 1: An 8080A assembly language program for controlling the fan
circuit in figure 4 (see also figure 1).
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Number Type +5V Gnd
1C1 74154 24 12
tc2 8095 16 8
1C3 7476 5 13
1C4 7404 14 7
1C5 (see schematic)
1C6 7408 | 14 7
1C5
HAMLIN SOLID
ca STATE RELAY
7404
2 3
g FAN
4 \ 2 MOTOR

0

120VvAC

earlier is soon established after execution of
the program begins. When the IN instruction
(hexadecimal address 0308) is executed,
the processor reads eight bits (DO, D1,
D5 ... D7) into the accumulator from port
2. In this application, only three bits of data
(Dg, Dy, and Dj) are input (one bit from
each switch, as shown in the schematic
diagram). If switch A is closed and switch
C is open, bit 2 (D1) is tested; then the fan
is either turned on with the OUT instruction
at hexadecimal address 0316 if the middle
switch (B) is open, or the fan is turned
off with the OUT instruction at address
031E if this switch (B).is closed. A jump
(JMP) back to the beginning of the program
after each of these OUT instructions com-
pletes the [oop. Any or all of the four
10 ms delay loops may be removed if desired
by placing three NOP instructions (hexa-
decimal 00) in place of the CALL (hexa-
decimal CD BF 00) instructions. (The
10 ms delay loop is a subroutine built into
the Dyna-Micro Designer.}

Much can be done with similar simple
demonstrations of active control using
microprocessor based computers and suit-
able inexpensive sensors like those used in
this experiment. | hope that this simple
control system experiment will serve to
inspire teachers of science and engineering
subjects, providing them with some practical
examples to illustrate how computers can
be used as tools in the laboratory.m






Robert E Bruninga
907 Ninovan Rd
Vienna VA 22180
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A Multiuser Data Network

Communicating Over VHF Radio

One of the more exasperating aspects of
getting started in microcomputing is the cost
of suitable 10 devices. There is a rather large
group of amateurs who already have ter-
minals up and running; however, they have
no microcomputer to play with. Our local
computer club was such a group, having
formed from a group of radio amateurs
already connected via a VHF radio informal
teletypewriter network. The availability of
these inexpensive surplus Baudot code
teletypewriters has been frequently espoused
in the literature, and articles covering ASCII
to Baudot conversion are plentiful.

While our club matured, and with inter-
est in microcomputing mushrooming at the

FREQUENCY A

same time, the idea to design a micro-
computer nto the network was a natural
step. It was soon apparent that developing
hardware and software to provide all of the
desired functions was impossible for any
gainfully employed individual. To spread out
the cffort and to get as much participation
as possible, it was decided to first bring up
the microcomputer with a simple monitor
system to enable anyone on the net to have
full access to memory, and to help in writing
software for any desired routines or pet pro-
jects. It is this microprocessor system which
is to be described herein. But first we will
give a description of the teletypewriter net
and of the usual operating practices govern-

FREQUENCY B

REMQOTE REPEATER |

AUDIO
RECEIVER — = TRANSMITTER
SQUELCH
Figure 1: The use of a remote transceiver
at an advantageous centrally located site B CONTROL
greatly increases operational range of a net- B o
work of users at VHF frequencies.
STATION X STATION Y
TRANSMITTER TRANSMITTER
FREQUENCY A — b FREQUENCY A
- —— ——— - - —— —o—— — — ]
RECEIVER e RECEIVER
FRFOUENCY B ° | FreQuency B
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Repeater Teletypewriter Network

remote
located

lhe ‘use of 4
pedter,  centrally
clevdation possibie,

coverage ot a large area. The repeater
any

signdls - omnidirectionally

from

participation of microcomputers.

transceiver or re
at  the
is the key to network

highest

relays
trans-

mitting station to all receiving focations, as

shown in figure 1.

In addition to improving

the 1ange, it assures reliability of coverage to
all users in the net since cach station need
only transmit a powerful enough signal to

be clear at the repeater,
receive the output of the
error,

Depending on terrain,

and

be
repeater
reliable cover-

able to
without

age of such arepeateris trom 20 to 75 miles

(32 to 120 km) in radius.

The repeater operation is tully automatic

and almost transparent to the user.

I'he

presence of a signal on the repeater’s receiv-

ing frequency turns on the repeater trans-
mitter to relay the signals with the advantage
of its high power and advantageous location.
11 no one is transmitting within five seconds
ol the last signdl, the repeater tansmitte
will turn off.

leletypewriter  signals  are  transmitted
using audio frequency shift keying (AFSK)
with 2125 Hz indicating a mark and 2295 Hy
indicating space. Since teletypewriter trattic
is innately hard copy and is usually not ot a
redl time natwre, many network users have
their stations configured for fully auto-
mdtic undattended reception. This feature,
called autostart, is simply a tone detector
which latches a relay on receipt ot ¢ con-
tinuous mark tone and turns on the tele-
typewriter cquipment. Usual practice re-
quires from three to tive seconds of muark
tone to dctivate the autostart; it will then
remain on for up to 30 scconds after the
last tones are heard.

Figure 2: Having the micro-
computer at the repeater
site has the advantage of
full duplex operation if
user stations overcome the
complexity of tull duplex
operation at their own
stations.

Figure 3: Having the micro-
comptiter at a4 user station
requires half duplex oper-
ation, but ullows network
expdtsion to include multi-
processors  dl dny user
station without contlicl.
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Circle 374 on inquiry card.

TERMINALS FROM TRANSNET

PURCHASE

12-24 MONTH FULL OWNERSHIP PLAN
36 MONTH LEASE PLAN

PURCHASE PER MONTH

DESCRIPTION PRICE 12 MOS 29 MOS  3b MOS
DECwriter Il .......... $1,495 $145 § 75 $ 52
DECwriter il .......... 2,695 257 137 95
DECprinter | .......... 1,795 172 92 63
VT52 DECscope ...... 1,695 162 85 59
VT100 DECscope ..... 1,695 162 85 59
VT55 DECgraphic CRT 2,395 229 122 84
ADM3ACRT ......... 875 84 45 30

HAZELTINE 1400 CRT. 845 81 43 30
HAZELTINE 1500 CRT. 1,195 115 61 42

TI 745 Portable ....... 1,875 175 94 65
T1 765 Bubble Mem. ... 2,995 285 152 99
Ti 810 RO Printer ... .. 1,895 181 97 66

TI 820 KSR Terminal .. 2,395 229 122 84
Data Products 2230 ... 7,900 725 395 275
QUME, Ltr. Qual. KSR . 3,195 306 163 112
QUME, Ltr. Qual. RO .. 2,795 268 143 98
DATAMATE Mini floppy 1,750 167 89 61

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

ACCESSORIES AND PERIPHERAL EQUIPMENT

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

PROMPT DELIVERY e EFFICIENT SERVICE

TRANSINET CORPORATION
: 2005 ROUTE 22, UNION, N.J. 07083
201-688-7800

122

INCOME
TAX
PROGRAMS
FOR TRS-80"

FOR INDIVIDUALS:
1040A 4K 7.95
1040 4K 14.95

BUSINESS & PROFESSIONAL:
Full systems with line printer
output startat .................. 189.95

FREE 3-PAGE CATALOG
AND DESCRIPTION

CONTRACT SERVICES ASSOCIATES
1846 W. Broadway Anaheim, CA 92804
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Circle 78 on inquiry card.

With the autostart circuitry in mind, a
usual network transmission is as follows:

® Station identifies by voice or by
keying the tones in Morse code.

® Station transmits five seconds of
mark tone.

® Station transmits message or text.

® Station identifies again.

® Statjon turns off transmitter.

The FCC requires Morse or voice identifi-
cation at the beginning and end of each
operating time period and at least every
ten minutes. Short transmissions in a con-
versation need not be identified although in
group operation it is almost a necessity
because one teletypewriter signal is indis-
tinguishable from another.

Interfacing to the Network

If the network spoke ASCII (only Baudot
code at 60 or 100 words per minute is
allowed by the FCC on the amateur bands)
it would appear to be a simple task to take
an available microprocessor system and
connect it directly via a modem to a trans-
ceiver, and be up and running. ldeally the
microcomputer would be connected at the
repeater site, monitoring afl signals in the
net and responding when asked by trans-
mitting appropriately on the repeater out-
put as shown in figure 2. This was the
original concept and optimum configuration
from a technical standpoint. However, it
was logistically impractical because of the
remote location of the repeater and the
natural tendency of a project like this to
be never completely finished. Also, as
microprocessors become more and more
of a common fixture about the house, we
felt that a centrally located computer
serving the whole network alone would
be an obsolete idea in the near future.

For this reason, the microcomputer began
to evolve as just another station on the net,
transmitting and receiving in a half duplex
mode as shown in figure 3. At present it is
the only microcomputer that can be re-
motely accessed and controlled by all users
on the net, although there are a few other
microcomputers being used by stations for
their own local functions. This type of
operation allows the network to grow into
a fully coordinated common data network
as more and more users interface their
microcomputers into the system and pro-
vide for remote daccess in whatever fashion
their particular sottware packages allow.

The microcomputer monitors all signals
on the repedter and responds whenever its
call sign is recognized. To isolate the micro-
computer from the identity of the ownet






Figure 4: Flowchart of the
system monitor showing
the standby and ready

states.
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!
| READY F——— INITIALIZE 10
| PORTS AND
L __ - ALL VARIABLES
TURN
TRANSMITTER
ON AND PAUSE
STANDBY 1
SEND CARRIAGE
RETURN, LINE
FEED AND
BINCH PROMPT
INPUT [
CHARACTER
TURN
TRANSMITTER
F—————— - OFF
I IS CHARACTER |
STRING - YES
| /WB4APR
RECOGNIZED |
______ |
NO BINCH
INPUT
CHARACTER
|
|
|
|
|
|
|
|
GET
| SUBROUTINE
| LOCATION
| l
!
| JUMP TO
L NNNN COMMAND RETURNS TO STANDBY [ ___ _ _|SUBROUTINE AND
________ EXECUTE
COMMAND
characters which are defined in a double

shift case.

The structure of the character input
(BINCH) and character output (BOUCH)
subroutines allows simultaneous output in
both ASCII and Baudot of any character
available at the Baudot or ASCII input. The
structure of BINCH and BOUCH is shown
in figure 5. Because all routines written for
the network system use these two sub-
routines for input and output, the remote
user at the Baudot port has the same soft-
ware relationship to the computer as the
local programmer except that the output
may be disabled.

Control Routines

The monijtor commands are relatively
straightforward except for the requirement
that the microcomputer operate in a half
duplex mode. The subroutine responsible
for coordinating the microcomputer response
in the half duplex mode is PLEX (figure 5).
PLEX turns the transmitter and trans-
mission tones on and waits the delay time
found in location ECHO before returning to

the calling routine. PLEX is called by every
monitor routine which generates output
back to the remote user. The delay in ECHO
is roughly in tenths of a second; usually, a
value of 50 is used to allow reliable transmit
and receive switching. The value 01 implies
immediate response, and the duplex trans-
mitter line is therefore turned on as well.
ECHO can be changed by the monitor com-
mand E, allowing the user to tailor the
response to a particular hardware configu-
ration. To allow the user to regain control
when an error occurs, the transmit line
drives a timer that cuts off the transmitter
after two minutes. A second timer will
hardware reset the microprocessor if a space
tone of greater than two scconds is received.

Command

The monitor commands in table 1 are
designed to provide as much assistance to
the machine language programmer as pos-
sible while also recognizing the special needs
of the users on the network. The basic
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P

Q

XXXX

XXXX

XXXX

XX

XXXX

XXXX

XXXX

XXX X

XX

XXXX

XXXX

NNNN

XXXX

string

XXXX

string

XXXX

string

A XXXX string

YYYY

YYYY

YYYY string

hh hh ....

YYYY

YYYY ZZ2727

YYYY z2z27Z

YYYY 27227

XXXX string

XXXX

YYYY HH

Table 1: Table of commands used by the computer on the communi-
cations network. All addresses are given in hexadecimal notation.

Stores an ASCI| character string at location XXXX
beginning and ending with quotes.

Calculate branch instruction offset from address

XXXX to address YYYY,

Sends character string at address XXXX in Morse
code.

Display hexadecimal bytes from address XXXX to
YYYY. If E command is odd, display 16 bytes per
line, 32 bytes per line if even.

Set echo delay to X.X seconds (approximate).

Find string by searching from address XXXX to
YYYY. Reply with starting and ending address.

Go to address XXXX and begin execution of a sub-
routine,

Convert hexadecimal value XXXX to decimal.

Input hexadecimal bytes sequentially beginning at
address XXXX and ending with a carriage return.

Jump to additional monitor commands,
Reserved.

List by instruction in 1, 2 or 3 byte format all code
between addresses XXXX and YYYY,

Move all bytes between addresses XXXX and YYYY
to contiguous memory starting at ZZZ2Z.

Sign off procedure,
Return to AMI monitor.

Punch a hexadecimal tape in MIKBUG format located
from XXXX to YYYY with offset 2222,

Quest search through all memory for first occurrence
of string. Back up and print starting address of first
quotation mark, then print all following characters
until a second quotation mark is found.

Read character string at address XX XX.

Save. In message storage area, store String at next
available address and update pointer to point to
next available address. Print pointer value.

Tape. Load hexadecimal tape into memory between
addresses XXXX and YYYY with offset Z2ZZ27.

Reserved.

Void first string encountered which contains string.
All characters between limiting quotes are eliminated
inciuding quotes. All memory from ending quote to
pointer is moved up to location of the beginning
quote. Pointer is updated and printed.

Wedge. Insert string at location XXXX. Push memory
from XXXX to pointer down and update and print
pointer.

Transmit (Xmt) prompt.

Reserved.

Fill memory space from address XXXX to YYYY
with hexadecimal value HH,
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monitor commands for machine language
programming are the DISPLAY, GO, IN-
PUT, LIST, PUNCH and TAPE commands.
Additional aids for programming are the
ASCII STRING, BRANCH, FIND, MOVE,
READ, WEDGE and ZERO commands.
The monitor functions related directly to
network applications are the CW, ECHO,
NNNN and XMT commands. The special
string  manipulation commands SAVE,
QUEST and VOID can be used with call
signs as key words to form a message store
and retrieval system for network operation;
or line numbers may be used as key words,
and text editing is possible. In text cditing
mode corrections, insertions and defetions
arc performed using ASCIl STRING, FIND,
READ and WEDGE commands.

The system described thus far is fully
operational in an unattended mode. It has
been more or less continuously available
during the cvening hours from about 1800
to 2300 hours locdl time since December 23
1977 (except for occasional visits by “Mr
Murphy’). During this time the original
monitor has not been altered, so users would
not be confused by frequent system changes.
However, several changes dare being con-
sidered to improve system reliability in the
presence of noise and user typographical
errors, to expand monitor command func-
tions and to upgrade protocols in anticipa-
tion of other computers on the network.
The changes under consideration are:

® Provide prompting at sign on to allow
uninformed users to request operating
instructions.

® Provide a carrier present input line to
allow the microcomputer 1o test for
a clear channel prior to transmission.

® Rebuild restart circuitry  for more
reliability.

® Change all string manipulations to use
qguotes for delimiters. Currently, figure
shilt H is used, which causes some
Baudot machines to stop.

® Add additional monitor commands
to allow unaddressed message storage
and retrieval by call signs alone.

® Add line delete code recognition into
Baudot input routine to allow cscape
to command mode at any time.

® Consider buffering all input commands
to allow for more flexibility and
reliability by using line and character
delete codes.

® Restructure BINCH and BOUCH rou-
tines for complete transparency. All
ASCII codes needed for BASIC will
have one-to-one mapping into Baudot
characters by using the figures slash
shift alphabet. The usual ASCII con-



the electric pencil I1”

The Electric Pencil II is a Character Oriented

Word Processing System. This means that text 1s
entered as a string of continuous characters and
is manipulated as such. This altows the user
enormous freedom and ease in the movement and
handling of text. Since Line endings are never
delineated, any number of characters, words,
lines or paragraphs may be inserted or deleted
anywhere in the text. The entirety of the text
shifts and opens up or closes as needed in full
view of the user. The typing of carriage returns
as well as word hyphenation is not required
since lines of text are formatted automatically.

¢ 1978 Michael Shrayer

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

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of Lline length, page length, line spacing and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bidirectional
printing are included 1n the Diablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
Logo) waes printed by the Diablo version of The Electric Pencil II in one pass.

Now on CP'M

The Electric Pencil I1I
is also compatible with
Imsai's IMDOS. HELIOS
versions SSH and DSH are
now ready. The NEC print
package is now available.
A utility program that W I D E S € R E E N v I b E O ! !}
converts PENCIL to CP/M
to PENCIL files is ready.
“CONVERT" is only $35.00.

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil 1I operates with any 8080/280 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VDM-1, Polymorphic VTI, Solid State Music vB-18B
or any similar memory mapped video interface. REX versions now available. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-1IB.

NEW FEATURES: =* CP/M, IMDOS and HELIOS Compatible * Supports
Four Disk Drives * Dynamic Print Formatting * DIABLO as well as NEC
printer packages * Multicolumn Printing * Print Value Chaining *
Page-at-a-time Scrolling * New Bidirectional Multispeed Scrolling
Controls * New Subsystem with Print Value Scoreboard * Automatic Word
and Record Number Tally * Cassette backup for additional storage * Full
Margin Control * End-of-Page Control * Non-Printing Text Commenting *
Line and Paragraph Indentation * Centering * Underlining * BOLD FACE *

Available to Imsai VIO video users for a huge 80x24 character screen.
These versions put almost twice as many characters on the screen !'!!

Vers Video ELinter RLiEE

SS-11 SOL TTY or similar $225.

SP-11  VTI TTY or similar  $225. m MICHAEL SHRAYER SOFTWARE, INC.

Sv-I1 VDM TTY or similar $225. 1253 Vista Superba Drive

SR-11 RE X TTY or similar $250. ss Glendale, CA 91205

SI-11 VIO TTY or similar $250. (213) 956-1593

DS-I1  SOL Diablo 1610/20  $275.

DP-II  VTI Diablo 1610/20  $275.

DV-11 VDM  Diablo 1610/20  $2/5.

DR-II  REX Diablo 1610/20  $300.

DI-II V10 Diablo 1610/20 $300. Electric Pencil I is still available for non CP/M users:

NS-11 SOL NEC Spinwiiter $275. -

NP-1I Vil NEC Spinwriter $275. Vers Video Printer Cassette Disk Drive Price

NV-11 VDM NEC Spinwriter $275.

NR-I11 REX NEC Spinwrater $300. SS SOL TTY or similar cuTs -—- $100.

NI-11 VIO  NEC spinwriter  $300. SP VTI TTY or similar Tarbell -—- $100.

SSH SOL  Helios/TrY $250. SV VDM  TTY or similar  Tarbell -—- $100.

DSH SOL  Helios/Diablo $300. SSN  SOL  TTY or similar CUTS North Star $125.
SPN VTIl TTY or similar Tarbell North Star $125.

UPGRADING POLICY: Any version of SVN VDM  TTY or similar  Tarbell North Star $125.

The Electric Pencil may ve upgraded DS soL Diablo 1610/20 CuUTsS - $150.

at any time by simply returning the opP VTl Diablo 1610/20 Tarbell -—- $150.

original disk or cassette and the DV VOM  Diablo 1610/20  Tarbell -—- $150.

price difference between versions DSN SOL Diablo 1610/20 CUTS North Star $175.

plus $15.00 to MSS. Accept only DPN VTI Diablo 1610/20 Tarbell North Star $175.

vriginal media at time OT purchase. DVN VDM Diablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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Figure 5: lhe character
input and character output
subroutines  are  BINCH
and BOUCH. PLEX con-
trols half duplex operation.

Figure 6: Protocol tor
transactions over the net-
WOrR. -

DESTINA®' UN
PREAMBLLE CALL
5> oN
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CALL
N

QUTHUT a5l
CHARACTER

BINCH
)
BAILUT
DiISABLEU 7
I
GET A
o
VuUTRPUT :[
HA puT BOULH
CHARACITER ]
- 1 - QUTPUT
CHARACTER

Kt TURN

tol characters will be available to
alfow  terminal  contiol,  escape se-
quences and other control functions.

ASCII Considerations

Fhe muost important change which s
foreseen s the addition of an ASCH input/
output port and modem at 300 bps to
the system  when  ASCIHL transmission s
finally permitied by the HCC. Although
Baudot operation will continue, the evo-
lution of computer-to-computer  operation
will be greatly simplitied. It is anticipated
that all network teletypewriter transmissions
will remain at 60 words per minute Baudot
due to the availability of the inexpensive
terminals. Theretore the 2125 Hz mark and
2295 Hz space tones will still be reserved tor
Baudot use Al ASCH transmisston will be
AU the commieraial modem frequency pair of
1270 Hz mark and 1070 Hz space. The
Baudot and ASCIH transmissions will not
intetfere with one another due to o the
separation in frequencies.

Duc to the capture effect on 1M trans
missions in which  the stronger of  two
sighals at the receiver will captunre the
detector and  the weaker station will not
be  heard,  simultancous  Lransmission by
G separale stations (one e ASCIHE and
one 1 Baudot) s not possible. To overcome
this ditticulty, a secondary receivet will be
placed at the repeater which has its audio
output 1 parallel with the original recciver
in diviyg the transotter. This secondary

o A CUNERUL

L V]

SERIAL
NUMBLE R

i

PLEX

TURN ON
TRANSMITTER
1S
YES £-0l
| F
TURN ON NO

FULL DUPLEX
TRANSMITTER

[

WAIT FOR
E SECONDS

recciver will alfow  simultancous access 1o
dDY TWO Sy slem users.,

Because all stations will be monitoring
the repedter output channed, simultancous
ASCII and Baudotl tansdactions can lake
place  between  sepatate and  independent
uscrs. Since the mictocomputer operating
system dlready communicates through both
its ASCIT and Baudot potts al ditferent
rates simultancously, upgrading the system
for ASCI is a simple matter. A sceond
modem gt the 1070/1270 Hz irequency
pair is interfaced in parallel with the local
termingl. With  the present stucture ol
routines BINCH and BOUCH, automuatic
tanslation  between  ASCIE and Baudot
will be accomplished. The only  change
Lo the monitor will be to allow 1emote
daceess to the Baudot disable line so that tull
speed ASCHE can be used when o Baudot
uset is not o the system. Additionally,
various procedural subroutines will be made
avdilable 1o handle computer-to conputel
ptutocols.

Piotocol

Ihe fist protocol problent o consider
Is the sepatation of messages directed 1o
computer from messages ditected 1o othe
users of to the operatorn. In this case all
computers should  allow o Aund holding
mode 1 which the remote wser can Wilk
directly 1o the oparator o1 1o other stations
on the net even while the computer may be
expecting some mmput.

STRING

CHELR SUM
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Ken Tunnah s one ot many innovators bringing
the micro revolution to the small business. As

a programmer, he knows computers and their
tanguages. As a businessman, he knows business
and its languages. And when Mr. Tunnah decided
to micro-computerize the a(counting function at
Colloid-A- Iron, he turned to Structured Systems
software.

Says Mr. lunnah: “he program s designed from
i CPA standpaomt, tor nudtiple corporations, which we
have. [t s texible and grees me the ability to change
reporting by profit centers casily. 1t is wp and ruoning
quiackly, amd o pust keeps on running. D think (ts the best
Lutstiess softeoare acatlable.”

[he best sottware avatlable., That's what
Strudtured Svstems Giroup set out to create.

Structured Svstemns ofters three sophisticated
accounting systems. Our General Ledger software is
big cnuuz_,h tor multi-chent write-up by the CPA,
or multi-corporate reporting tor the business, but
small enough tor the micro budget. The very
comprehensive Accounts Receivable and Accounts
Pavable packages will operate independently, or
they will coordinate with the General Ledger.

Our svstems record transactions easily and
u)nutl\ and provide an audit trail from source
document to tinanaal statements. And they will
maintain monthly and year-to-date intormation

Circle 351 on mquuy card

“My Structured
Systems business
software has paid
for itself in labor
hours saved alone.”

Mr. Ken Tunnah, Colloid-A-Lon lnc, Buttalo, New York

dollars and in percentages. And they are reliable.

The three systems interact with the user to set up
parameters such as format and headings, account
titles and numbering, automatic billing or reminder
notices, credit limits, sales reports, a check register,
and much more.

The software is designed to run on an 8080 or
Z-80 CPU with 48K ot memory, dual disks
with CP/M®, printer, keyboard, and CRI. To
make it all work tor you, we have provided the most
extensive documentation and support in the mdustry.

We provide the capability to mmputcn/c mmplc
auu)untmb tunctions on Iletl\d\ mc\pumu micro-

computer uqmpmont Ken Tunnah has told us what
that means: “'ve bucked some trends. | looked avound,
and decided that with the right softaeare, Toonld get a
miicro to otttperfornt a 845,000 mini. ' satistied . TEs
simple econonies.”

We can refer you to a growing number ot
sophisticated retailers experienced in Structuied
Systems Group business systems. Or we can work
directly with you. We'd be happy to provide vou
with more information on our product line, which
includes QSORT (a sort/merge program), CBASIC
(a business BASIC), NAD (a mailing and addressing
system), and our General Ledger, Accounts
Recervable, and Accounts Payable packages.

PP M s g restared tradamark ot Dhigitsl Kescarch

Steuctured Systems Group

5208 Claremont Avenue
Qakland, CA 94618
Call us at (415) 547-1567. Or wite
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The exclamation point has been suggested
as 4 command indicating that the following
line is to be ignored. All characters fol-
lowing the exclamation point are ignored
until a carriage return is encountered. In
the case of the system just described, the
operator whose keyboard is essentially in
parallel with the remote user can make
comments in return, again  without dis-
turbing the computer.

Once the microcomputer is signed on at
present, it uses the communication channel
as a private line assuming all commands
are directed exclusively to it. Because other
computers are interfaced to the net, this
point of view will have to be modified to
allow many processors to share the channel
and tespond only to commands addressed
specitically Lo them.

The FCC-assigned call letters of ali
users on the net are considered to be a
convenient addressing string for just this
purpose. Call letters consist of from four to
six alphanumeric  characters.  Using the
call signs, a possible protocol for all trans-
actions might be as shown in figure 6. All
system messages would consist of a pre-
amble, the call sign of the destination
station, the call sign of the originating
station, a control field, a serial number, the

130

RELIABILITY
QUALITY
DEPENDABIL

ADDRESSING
PROTECT
BUFFERING
LOW POWER
WAIT STATES
QUALITY
GUARANTEE
DELIVERY
PHANIOM
TESTING

SPECIAL

1714) 992

PRICE

5540

SUITE 604
FULLERTON. CA 92631

(- . /-
73G|TAL7 I

MEMCH T aslk 19 M e e

OF ALL W POMT GIRCU ~7 ANE e I

INVRODUCTUHY

ASSEMBLED TeSIED

2595 E CHAPMAN AVE

BKRS )
8K SIAIIC RAM

ASSEMBLED

S-100

ITY

Ll ey
AHL E G

SETvek'y
= TFOR MORT INFCT

L EHANTUA e

AL T €3TINGNGT R OF L a0 TS Bul ALeG

420 s 250 o5

$149%  §189

CALIFORNIA RESIDENTS ADD 6 Tua

DIGITAL

I

November 1978 = BYTE Publications Inc

Circle 294 on inquiry card.

message or data string itself and a checksum.

The control field could identify the
length and nature of the string; whether
binary, hexadecimal or ASCll characters
were in the message; whether a checksum
was generated or necessary; and other datd
necessary to tell the receiving station how
to handle thc particular string. The preamble
would be an appropriate series of characters
to activate and initialize all monitoring
stations. A suggested preamble has been a
carriage return, line feed, five null characters
and a line delete code. Optional call signs and
other characters could precede the line
delete code, because its main function is
to establish the channel and prepare the
microcompulter to recognize all following
characters.

As more and more microcomputers join
the net, another convenient feature would
be the capability of polling the net to
identify which stations are in a ready status.
This problem of polling, a complex one due
to the dynamic nature of the net, has a
wide range of solutions depending on the
particular structure assumed for the net.
It is introduced here as a topic for further
study.

One possibility of providing the polling
capability is through the assignment of
some central responsibility for all trans-
actions on the net. Once a significant degree
of sophistication is attained, it might be
desirable to assign one microcomputer at
any one time to be a control station. The
computer would be responsible for main-
taining an up-to-date status of all systems
on the net and a directory of all available
programs and data. All a user would have
to do is query the control station to get
a complete pictuire of the present net con-
figuration. The function of the control
station can be passed along from one station
Lo another as new stations log on and other
stations log off. The status data would be
coded very cfficiently for speed of transter
from one station to another,

It has not been the intention of this
atticle to make tirm proposdals on network
protocol or operating procedures, because
su little experience is available to date on the
natute o1 expectations for a computer
experimenter’s network, Rather, it is hoped
tnat sharing the little experience we have
gdined in interfacing the computer Lo dan
existing radio-teletypewriter network may
be of use in further discussions ot this goal.

We are at the birth of something gieat
and dynamic. Writing this article has been
difticult due to the daily increase of ideas
and the contlicuing desite to implement cach
ided as it oceurs, We nvite others to share
then similar eaperniences and conjectures.
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the two lines switch (high going low and vice
versa).

The two integrated circuits used as line
drivers and receivers are the Texas Instru-
ments 75183 and 75182. Mounting one of
each on a printed circuit card at both ends
of a 4 wire twisted pair will give you com-
munications with a terminal up to 1000 feet
(300 meters) away.

Figure 1 is sclf-explanatory. The two
capacitors in the recciver are optional. The

0.002 pF capacitor between Rt and the
inverted input may be used for DC isolation
of the line terminating resistor. The value
of this capacitor will vary with the data rate.
The 100 pF capacitor between the response
time constant pin and ground is used to
control the response time.

More information on this and related
techniques can be found in the Texas
Instruments data handbook on memory
and peripheral interfacing.®

Figure 1.
QUTPUT
FROM
COMPUTER +5V
+5V 10 Tm
14 4 TWISTED PAIR vee
Ve NON- 9 13| INVERTED 8 TO
3, ourpuT INPUT our L> oevice
{2
C NON-
INVERTED| 8 11
L Yg ouTPUT INLERTED
0 002uF
12 Ry TIME 9
CONSTANT
GND
) ! T
75183 75182
: : CPAMT EDOS and Utilities From $145
LIFEBQAT ASSOCIATES is now offering the Miorsoft FORTRAN. 80 2400
following software for use on the Microsoft COBOL -80 $625
. Microsoft Disk Extended BASIC $300
MICROPOLIS and NORTH STAR floppy disk Citan SUPER BASIC A% 599
Xitan DISK BASIC (A3+) %159
SySthS and HORIZON Compl]ter' Xitan 7 THL Text Fdtor (A3, A3+) $69
Nitan Text Output Processor (A3, A3+) NoA
All of the software listed requires the Xitan Macro ASSFMBIFR (A3 A3+ 569
: . Xitan 7 BUG (A3+) $A9
use of CP/M to operate. In addition, the Nitan | INKER A3+ $60
: : Xitan Package A3 (as keyed above) $249
X]tan paCkageS have been deSIgned to run Nitan Package A3+ (as keved abhove) $409
with a Z-80 based CPU., CRASIC Compiler‘Interpreter BASIC %95
MAC Macro Assembler $100
. SID Symbolic instruction Debugger $8%
For your convenience, most of LIFEBOAT TEX Text Formater $85
: . General Ledger $995
ASSOCIATES software is available on Aceounts Recervable <750
o3 ; - NAD Name & Address Processor 379
8-inch diskettes (IBM soft-sectored format). QSORT Diek i ot Merge Uity B
LIFEBOAT ASSOCIATES software packages LIFEBOAT ASSOCIATES
are available from computer stores
nationwide, or you can order direct 164 W. 83rd Street
: o1y : New York, N.Y. 10024
(212) 580-0082
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Solution to Machine Language Puzzler (sce page 74):

TIMOUT,: PUSH Bg ; Save the main program value of B.

MV B4, =X ; Load B with X, one of the loop constants.

DCR A ; A was |loaded in the main program and is the second
delay constant Y.

LOOP,: CPI 0 iIs A=0?
CNZ  TIMOUT, ;Ifnot,call TIMOUT,.
TIMOUT,: PUSH B4 ; Save B from TIMOUTq;

MVI By, #X ; Reset B to its initial value.

DCR A : Decrement A again (A is not reset in this new pro-
gram environment).

LOOP,: CPI 0 s A=0?

CNZ TIMOUT3 ; If not, call TIMOUT3.

DCR ; Decrement the TIMOUT, value of B.

JINZ L(230P2 ; Decrement B more if it is not 0.

INR A ; Restore A to the value it held in the previous sub-
routine (TIMOUT, ) by adding 1.

poP B4 ; Restore B to the value it held in the previous sub-
routine (TIMOUT ;).

RET ; Return to the instruction after "CNZ TIMOUT "
in TIMOUT,.

DCR B, ; Decrement the TIMOUT value of B.

INZ LOOP, B1 is not zero, go back to LOOP4 and repeat
evervthmg including the call to TIMOUT,.

INR A ; Increment A to its original value of Y (2 |n this
example).

POP Bg ;. Restore the main program value of B.

RET ; Return to the main program.

Listing 1: The TIMOUT routine considered as two separate programs to em-
phasize the different program environment of each call. Assume A=2 in this
example, which is the Y value loaded into A in the main program. The use
of subscripts distinguishes between the successive values of register B and
labels of TIMOUT and [.OOP. The actual assembly language program would

The most important feature of this sub-
routine is that it is recursive: that is, it calls
itself. Recursive programs can be difficult
to follow unless one remembers to place
each subroutine call in a unique environment
different from all other subroutine calls.
This means that each call of TIMOUT
should be thought of as beginning a different
subroutine in a different location of
memory, even though the instructions are
shared. For example, consider the com-
mented version of TIMOUT in listing 1.
Here, two different programs are shown to
illustrate the situation when one recursive
call is made. As an abstract model of the
program’s overall operation, consider the
node and branch diagram of figure 1, drawn
for the case X =3 and Y = 2. The value in A
identifies the current level of program
execution; node 1 is the shallowest level,
while node 2 is the deepest. The value in B
identifies the current branch being executed
at the level specified by A. While A is never
pushed onto the stack on a new subroutine
call, B always is pushed when a new level
is entered (that is, when a recursive call is

not appear with subscripts, of course. made). The current value of B is decre-
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INTRODUCTION TO PERSONAL AND BUSINESS COMPUTING
By Rodnay Zaks, 250 pp. ref C200 $6.95

NEW. For the beginner. How {0 use and purchase a system, from
the microcomputer box to the peripherails. Why. Business require-
ments. How to fail. Programming. Which BASIC?

NOW ALSO AVAILABLE ON CASSETTES - 3 hrs, ref S10 $1495

MICROPROCESSORS: from chips to systems
By Rodnay Zaks, 416 pp, ref C201 $9.95
USED WORLDWIDE AS UNIVERSITY TEXT. A comprehensive, yet
detailed and clear intfroduction to all aspects of microprocessors.
How they work. The ROM, RAM, PIO, UART. How to interconnect.
System development.

TO ORDER

®BY PHONE : call (415)848-8233

Bank Americard/Mastercharge accepted

O®SHIPPING: no charge when payment
included.
ADD: $1.50/book for fast shipping

®TAX: in California,

O®OVERSEAS: 2020 Milvia St.
SYBEX-EUROPE 313 rue Lecourbe, Berkeley,
75015 - PARIS, France Tel:(1)8282502 Calif 94704

\

|
|
|
I
[
add sales tax. I
|
I
|

PROGRAMMING MICROCOMPUTERS:6502
By Rodnay Zaks, 250 pp. ref C202, §9.95
NEW. How to program microprocessors, with 6502 examples:
arithmetic, input-output, peripherals. Interrupts. An educational
text requiring no prior programming knowledge. yet useful to
those wanting to learn about specific programming techniques.
Applicable to PET, KIM, VIM, APPLE.

MICROPROCESSOR INTERFACING TECHNIQUES

By Austin Lesea and Rodnay Zaks, 416 pp, ref C207, §9.95
ALSO USED WORLDWIDE AS UNIVERSITY TEXT. How to connect to
all the usual peripherals, from keyboard to floppy disk. including
A/D. displays, standard busses (RS232, S100. IEEE 488) and
dynamic RAMs.

NAME POSITION

COMPANY -
ADDRESS —

CiTY STATE/ZIP .

0 C201 OC207 OC200 QC202 OOTHER___ _

O Payment enclosed [J Bill company [0 Bill me
ADD $1 50/BOOK FOR FAST SHIPPING
O charge my O visa O Master charge
O Number Exp date -~
Signature 0 Send catalog
(] FREE CATALOG/ ORDER FORM [
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We've got an exciting ground tloor
opportunity for you to participate in
the incredibly fast-growing
retail personal computer business.
We're Byte Industries, Incorporated™
and we're offering individual
Byte Shop™ franchises, nationwide.
Here'’s your chance to share
in the expanding retail personal
computer business!

AS A BYTE SHOP YOU GET:

e The nationally recognized Byte Shop
trademark.

e A broad, full-line inventory of
small-business and personal computer
products.

e National and regional advertising
support.

o Comprehensive technical and business
management training, and on-going
advisory services.

e Aid in local site selection, and
professionally designed store interiors

e Exclusive, protected territories.

To qualify, you should have an interest
in computers, and a desire and ability
to operate your own business. Retail
experience and a sales background at
management level is a plus. A theoreti-
cal or working knowledge of computer
technology is helpful. Investment is
roughly $100,000 with an initial equity
contribution of at least $40,000.

If you've got what it takes, then you're
ready for your own Byte Shop™
Write or call Dave Pava, our franchise
development manager now.

408-739-8000

STres.,

“ a j
In(orporaled A LOGIC Company

F==—=—====—""1

Yes I'm interested in a Byte Shop™
Franchise. Please send me your Franchise
Information packet today.

Name
I Address
I City
l State Zip

l Phone

Byte Industries, Incorporated

930 West Maude

Sunnyvale, CA 94086

(408) 739-8000 0B-1
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4 on page 173 with the Pascal program
listing 5 on page 174 in ‘‘Pascal versus
BASIC: An Exercise,” (August 1978
BYTE, page 168). | think that convert-
ibility is a myth. Look at what has
happened to FORTRAN, locked into
old ideas, old methods, and old equip-
ment, BASIC should grow and change
until it spawns a new language. Like all
fields, computing has too many experts,

Milo Ketchum
58 Willowbrook Rd
Storrs CT 06268

You've raised an interesting point
about readability. True, for a short pro-
gram it seems easier to read the BASIC
version, but then you are used to reading
BASIC listings. Also, try to add modifi-
cations to a section of the BASIC version
without affecting any other section of
the program. This is easy in a modular
language such as Pascal . . .. RGAC

READER Cs PASCAL ALTERNATIVE

As a firm advocate of good program-
ming style, | was happy to see the
August 1978 BYTE give Pascal the atten-
tion and support that it deserves. How-
ever, 1 think that something should be
done to correct the impression conveyed
by that issue that Pascal is the sole ex-
isting alternative for microcomputer
users who want to program in a decent
language.

Another alternative is C, developed
at the Bell Laboratories. Pascal and C
are different in several important re-
spects, but they hold this in common:
they are both simple, elegant, and flex-
ible languages that encourage the writing
of clear and concise programs.

Programmers should realize their
good fortune in having more than one
state-of-the-art language to choose from.
As a case in point, Charles Forsyth and
Randall Howard, the authors of the
article, “Compilation and Pascal on the
New Microprocessors,’”  {August 1978
BYTE, page 50} state {page 61) that

.we have found the C language
a pleasant and effective language
for developing programs, but it
does not, of course, follow that
everyone would.

In truth, Pascal is simply not an
option for most homc computerists at
this particular point of microcomputer
evolution. My reading of Pascu/ News
indicates that current Pascal implementa-
tions require hardware not existing to-
day in most home systems. Specifically,
they require floppy disks and ‘'big”
chunks of memory. Microcomputer users
who desire to program in a state-of-the-
art language on minimal hardware sys-
tems should know about the current
availability of Tiny C.

Tiny Cis an interpreter for a stripped
down version of C, designed specifically
for the microcomputer environment. [t
runs in the same ‘‘small” environ-
ments as does BASIC. All indications

so far point to its being a thoroughly
professional and reliable product. It is
inexpensive. It comes with a program
preparation system which includes an
editor. Its wusers’ manudl is superbly
informative, complete and readable.

I hope that BYTE will soon give C
and Tiny C the attention they deserve.
In the meantime, readers who wish to
gain the flavor of C should consult
The C  Programming [lLunguuge, by
Kernighan and Ritchie (Prentice-Hall,
Englewood Cliffs Nj, 1978). And
readers who want information about
Tiny C should contact

Tiny C Associates
POB 269
Holmdet NJ 07733,

Frank Nussbaum

Dept of Math Sciences
Loyola University of Chicago
6525 N Sheridan Rd
Chicago IL 60626

STORED PROGRAMS: A REPLY

Keith Reid-Green, in his “Short
History of Computing” (July 1978
BYTE, page 84) states correctly that
John von Neumann suggested putting
programs into the memory of the
ENIAC computer. However, the impli-
cation that previous programs were all
hard-wired is not true.

In fact, there was a scries of six
models of Bell laboratories Relay
computers, the first of which (1939)
antedated the ENIAC by seven years
and the Mark | by five. All but one of
the series used readily changeable pro-
grams in punched tapes none were
hard-wired.

Model 11 of the Bell Series was a
small computer designed primarily for
digital filtering and for subtabulation of
a mass of data. A dozen or two programs
were written and punched in tape for it.
Changing a program took about 20
seconds. Most of the programs were
cyclic and, therefore, were pasted into
loop form.

Later models (but still antedating the
ENIAC and Mark 1) had more capability
and more sophisticated programs. Thus
Model V (circa 1945-46) had numerous
program ‘‘positions,”’ any one of which
could be called up by the computer with
a jump instruction in the main program.
Such jumps were controlled by a “logic
computer’’ which made decisions on the
basis of manipulations of Boolean alge-
braic variables.

George R Stibitz

Prof Emeritus Physiology
Dept of Physiology
Dartmouth Medical School
Hanover NH 03755

Dr Stibits, a research mathematician
and pioneer in the development of the
relay computer at Bell Labs in the 1930s
and 1940s, was the recent recipient of
the IEEL’s Emanuel R Piore award *for
pioneering contributions to the develop-



ment of computers, utilizing binary and
floating point arithmetic, memory in-
dexing, operation from a remote con-
sole, and program controlled compu-
tations.”’

THE 2650 BECOMES MORE
AVAILABLE

| read with interest Mr Frenzel’s
article “How to Choose a Micropro-
cessor,” in July 1978 BYTE, page 124,
Particularly gratifying was his mention
of the Signetics 2650 as a processor with
an unusually powerful instruction set
and minicomputerlike architecture.
However, its status as an item of limited
avdilability  to  the experimenter s
changing rapidly.

As My Frenrsel's article was going to
press, Signetics was preparing initial ad-
vertising for the Instructor 50'™ desk-
top computer, which uses the 2650 as
its central processing element. This prod-
uct, 4 complete hardware and software
package, is particularly well-suited to the
student and hobbyist. Thus, it is no
longer true that experimenters who wish
to use the 2650 in a personal computing
system must develop their hardware and
software from scratch,

] E Doli

Signetics Corp

POB 9052

811 E Arques Av
Sunnyvale CA 94086

ROUNDING OUT
SOME CALCULATIONS

Your articies in the August 1978
BY L arc great! 1 am a Pascal fan al-
ready, and a UCSD Pascal fan on top of
that. I've never written a program with
Pascal, but it looks like a tulfillment of
a4 wish-list of useful data and control
structures,  I've written programs in
FORTRAN, BASIC, COBOL, APL,
PDP-11 assembler and INTERCOM-500,
an “‘assembler”™ for a Bendix G-15 com-
puter. It has features and efficiencies
I've long wanted in a high level language.
I have heard of Pascal betore, but never
paid it much attention. Now that | see
that it has a chance of becoming much
more avdilable, and after learning about
the language and its method of imple-
mentdation, I'm ready to help pull the
bandwagon, not just hop on. Having
written interactive business programs in
BASIC and FORTRAN, | also appreciate
the extensions implemented by UCSD,
as described in the article “‘Pascal versus
COBOL” on page 122,

I cnjoyed the articles on antique
“computers’ (“Philadelphia’s 179 Year
Old Android,” page 90, and “Antique
Mechanical Computers, Part 2, page
96, August 1978 BYTE) as well as those
on Pascal. | think that the estimates of
storage capacity in  the ‘“Antique
Mechanical Computers, Part 2" article
are in error. As an example, | will discuss
the calculations done on pages 104 and
105.

The author makes a telling remark:

““A point which is obscure to me is that
the fetter forming cams are alleged to op-
erate on a polar coordinate system.”’
His calculations are then based on XY
coordinates, This analysis would be
correct if the machine produced a dot
matrix picture with the accuracy and
precision estimated. However, this is not
the mechanism the machine uses.

I will assume that each letter is com-
posed of a series of moves, and that each
move is described by a distance and a di-
rection to be moved from the previous
position of the pen. Polar coordinates
would work like this, or in a similar
manner. With polar coordinates, a point
is defined on a plane by giving a distance
(radius) and direction relative to the
origin, or (0,0) point on a Cartesian
{XY) plane.

The actual method used by the ma-
chine and precise information theory
may not be represented by what follows,
but | believe my calculations will more
closely approximate the actual storage
capacity of the machine than those in
the article. The three cams that define
each letter will be assumed to specify the
height or pressure of the pen, and the
distance and angle made for each of 4
sequence of moves, The following table
gives the /nformation content needed
to attain the precision found in the re-
sults of the machine:

Number
Parameter of Bits Range of Values

Height and 2 Up; light, me-

pen pressure dium, or heavy
pressure.

Distance 6 01mmto6

mm, in 0.1 mm
steps (60 dis-
crete values).

Angle 7 3 t0360"in
3° steps (120
discrete values).

Total bits 15

per move

X moves 12 (A reasonable

per letter guess, based on
the y).

Total bits 180  Thisis different

per letter from the au-
thor’s estimate

x number 52 by a factor of

of letters 80.

9360 - Total number
of bits to en-
code the entire
alphabet.

The estimate of minimum distance,
different from the author’s, is based on
the assumption that a single move will
tend to be fairly straight due to some
mechanical damping while drawing a line
between two points. Any of the param-
eters might vary by one or two bits
from the given estimates, but | believe
them to be fairly close given the assump-
tions used,

One other factor to take into account
is the “‘noise” introduced in translating
cam shape to pen movement. The cams
would need twice as many bits of storage
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now

SORT

with

cP/M*

IN CUSTOMER USE FOR

OVER ONE YEAR

Full file sort for variable length records,

arbitrary length key(s) Ascending or
descending order

Single-key 595
5145

Multi-key

Runs on 16K or larger system. Uses all
available memory

FILE INDEX

Produce cross index of file names

sorted alphabetically across alf diskettes

45

in a collection

Manuals Only: $5.

NEW!
The INTEGRATED FINANCIAL
SYSTEM: G/L, A/R, PAYROLL,
A/P, INVENTORY Manuals $10
each. Programs $500 each.

To order or for more information, write

Rothenbe

INFORMATION SYSTEMS. INC

260 Sheridan \venue
Palo Alto. CA 94306
L3151 32.3-8850

Please provide your CP/M Serial #
California purchasers add Sales Tax
Pre-paid only. immediate delivery.

Dealer inquiries invited

*CP/M is a trademark of Digital Research
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if the mechanism’s noise obscured half
of their precision.

The machine discussed obviously had
other “memory’ as well as the memory
that stored the shape of the letters. For
instance, the mechanism that determined
the sequence of letters would have a
capacity equal to about six bits {enough
to store 52 choices) times the number of
jetters.

Sigurd Andersen
48 Prospect Av
Newark DE 19711

ON BUSES AND LANGUAGES

| have two questions for your rea-
ders: why Pascal? Pascal and BASIC
were both written for education and
both need extensions to be of use in
serious (large) programming experiments
and production. What we need is a
language that simplifies structured pro-
gramming like ALGOL, that is com-
plete like PL/1 and which compiles like
HP-BASIC during editing to a compact
code for further compilation or inter-
pretation. It should be adapted to sys-
tems from batch via disk operating
system {DOS) to real time. In short:
it needs everything for everybody on
a microcomputer, not a patchwork of
languages that were never intended for
amateur use. My next question is about
all those buses that our poor chips are
struggling with. Why don’t we (the
users, not the manufacturers) define a
bus for all processors? It can be done!
The Dutch Hobby Computer Club
(page 148 in this issue) is currently using
one.

B | Besseling
Tolstraat 401
Amsterdam HOLLAND

Just to reiterate, Puscal has u Iot of
interest going for it buased on uvailability
of implementations and enthusiasm on
the part of those who are into the lan
qguaqe as o means of expression. We find
machines from the microprocessor up
throwah the Crav-1 using it as a systems
programmina tool, and with extensions
of the sort UCSD has been imple
menting, it works as well for many
applications areas.

MORE PIXELS PER PIXE?

" Concerning “Convert Your TV Set to
a Video Monitor” (May 1978 BYTF,
page 22), Dan Fylstra stated that using a
Pixe-Verter radio frequency (RF) unit
with a video board, one wouid only be
able to gencrate usable line lengths
of 32 characters.

That may be the case when using a
black and white television. 1, however,
have heen using a Pixe-Verter, Processor
Technology VDM board, and a 15 inch
Sony KV1510 color set with excellent
results. | am able to use this configu
ration for 64 character lines very easily.
The quality of the display is not as high
as available on a direct connection of the

If you choose IMSAII . ..
The best price and delivery
is from MiniMicroMart!!!

lMSAI VDP 80/1000 Virtually nhim

ited RAM and disk storage expansion The glt
miAate 1N a complete computer system e 4 single
hox 32K of RAM, one megahyte of floppy disk
storage, utthzing the famaous PerSer dnves, 127
CRT with 24580 field, intellinent keybnard Com
plete software ROM monitaor, CP/IM aperating
system, ready tose

Drder as 21 HRRO O (1<t $SRAOH)

Cash Price $5895

IMSAL has recently introdured the VDP 80's
A similar system with o 97
CRT and using minitloppies mstead of the 87
PearSal Three different disk  drnve  systems
allow vou a rhowee of disk storage capacity to
meot  your  data needs  and  pocketbook

“htte”” brother”

VDP-40 180 kiloband disk storage
Order as 21 BRAN O (i1t $449h)

Cash Price $3795

VDP-42 00 kilabaid disk storage
Order as 21 5RAZ 0 ikt $4695)

Low Cash Price $3990

VDP-44 /80 kiloband disk storage
Order as 21 5744 0 (1 11 $4905)

Cash Price $4245

THE NEW PCS-40 SERIES

New IMSAL wyetems complete 32K of RAM and

dual mindloppy, <onal and paratlel 170
PCS-40 180 kiloshaud dlisk storans

Order 21 54400 (st S26G5) $2289

PCS 42 400k dahaned dhsk staciey:

Order 1= 21 A1 0 1] st 52096 $2545

PCS-44 780 kiiahaud dhisk <teraoe

Orcdor 21 6444 0 (1)<t S3690) $3139
All above assembled/tested  ready to use

IMSAI 8080 (PCS 80/10)

same dopendable syatem
called the POS 010 tdeal for b use
Kit, order 21 5310 041t 5699

Special Low Cash Price $559

with 22 slor minthorbogrd 28 rp powet
<upply, and ats famons teont panel s the
bt now ite

IMSAI BOARDS

RAM I 32K RAM, Assembiled

Orcdder as 21 4232 0 {1ist $89%) $715
BASIC VIO The ieading memaory mapped virdeo

interface Options to oxpand Kt arder s

21 3R01 0 thist $100) $170
Axcembhlon, ordor 21 A507 N Q] o V2030 $799

VIO-C Comnbite version of hnve, 7 480,
upperdower cace ancl ROM mos g

Kit, arder 21 3004 001 gy $72)04) $285
Ascsembied order 21 RO O ] et SARN $395

SI0-2-1 Serial 110, K1t

Orcder 21 34400 ({1 5104 $110

PIO/6-3 Parallel /O, Kit

Orrtor 21 34471 0 () st $1730 $125

MIO Multiple 110, Kit

Orcder 21 WA () (1t $106) $169
All prices 3ra haced nn c3<h pirc hquas Higher poces apply
to credit card andd acut tangl porenges nrdere Miners m
depnsit 28 4 on COD ardore Above prca subgert e change

without nohce

SHIPPING HAND NG S INSURANCFE  vDP A0
and 80 senes Shapped freight enlloct Add $2 1oy

hoards Al cabior tome aeid 510

WRITF FOR FREF CATAL OG

MiniMicroMart, Inc.

1618 James St., Syracuse, NY 13203

(315) 422 4467
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TRS-80 OWNERS,
HAVE WE GOT SOF TWARE
ON CASSETTES FOR YOU!

AARDVARK/CAPTURE -hunt the ANT/

capture an enemy . . . {8-1) ... $13.95
STARTREK-advanced version, with
conversation . .. .. (8-2) ...%1495

ROULETTE/ONE ARM BANDIT-casino
games, graphics . . . {8-3} ... $13.95
PATTERNS/PINBALL-graphic demon-

stration games . . .. . (84)...%11.95
ANNUITIES-schedules, values, payments
& interest . ... .. ... {8-5) ...%$10.95

SPACESHIP/CANNON venus tander/
fight the enemy . . . . (8-6) . .. $12.95
DICE/HYPERBAGELS-play craps/guess
the secret . .. . (8-7} ... $14.95

| CHING/BIORHY THMS predict the
future either way . .. (8-8) ... $13.95
POKER-play draw poker in graphics,

casinorules . .. ... (8-9) ...8$10.95
COMBUSTION/GROWTH- hydrocarbon
combustion/patterns (8-10) . . . $16.95
RALLY-4 difterent cars & 5 ditferent
tracks .. ... .. (811} .. .$12.95
NIM/HEXAPAWN - -play nim/heuristic
game, graphics . . .. (8-12) ... $19.95
ELEC PAK 1-complete filter design,
passive/active . . . . . (8-13) ... $20.00

ELEC PAK 2-attenuators, pads for
perfect matching . . . (8-14) . .. $20.00
ELEC PAK 3-all the standard formulae
you need . ... .(8-15)...%$30.00
MATH PAK 1-trig & inverse trig
functions & logs . . . (8-16) . . . $20.00
MATH PAK 2-primes, factorials, roots
& powers . ... .. {(8-17) ... $20.00
MATH PAK 3-hyberbolic & inverse
hyperbothic func . .. (8-18) . .. $20.00
MATH PAK 4-gamma and bessel

functions . . . . . (8:19) . .. $25.00
MATH PAK S-curve fitting-lin/exp/pwr/
andlog....... (8-:20) . .. $30.00

MATH PAK 6-metric/english & english/
metric conv . . .. {8-21) ... $20.00
STAT PAK 1-means, moments, kurtosis
and skewness . . . . . (8-22) ... $20.00

ECON PAK 1-estimating building costs
.............. (8-23) ... $25.00
TIC-TAC-TOE-try to beat the

computert!t (8-24) . .. $1095%
PYRAMID-buried treasure in cheop’s
pyramid . . .. .. (8-25) ...%$19.95
MATH TEACHER-math drills for the
4 functions . . . .. (8-26) . .. $25.00

CHECKERS-play an exciting game
against the TRS .. (8-27) .. . $19.95
RACE -drive your car against incredible

odds .. ........ (8-28) ... %1295
HORSES-bet on your favorite out of
6 horses . ... .. (8-29) ... $12.95

WE ALSO PRODUCE CUSTOM SOFT-
WARE FOR BUSINESS OR ANY
SCIENTIFIC APPLICATION. WE WILL
BE PLEASED TO SEND A QUO-
TATION AFTER EVALUATING
YOUR REQUEST! PLEASE INDICATE
WHETHER YOU ARE USING A
TRS-80 LEVEL ONE OR TWO, AND
THE AMOUNT OF RAM IN YOUR
SYSTEM . . . .. ...

please check the programs desired with

81 1,82[1,83[1,84([1,85

[ 1,86 1,87(1,88(1,897],
810 [ ], 811 1,812 ],813( ],
814 [ 1,815[ 1,816(],817([ ],
g18/( ),819( 1,820(1],821(],
822 1,823 ],824[1,825]( ],

826 1,82701,828(1,8291[1..

** CASHIER CHECKS and MONEY
ORDERS PROCESSED SAME DAY.
PERSONAL CHECKS . . ALLOW 2
WEEKS FOR PROCESSING . ........

STATE .........21P ............
**add $1 for POSTAGE AND HAND-
LING, N.Y. RES. ADD tax.

TAYLOR, PO. BOX li80,
PLATTSBURGH, NY 1290l

Circle 364 on inquiry card.

video board and a video monitor, but the
display is very usable.

Using a color set may seem like over-
kill, but |, like many people, have a
color set available and no black and
white set. Of course color sets are
much more likely to be ‘‘non-portable,’”
but the smaller color sets may save one
from the hazards of playing with a tele-
vision set’s innards.

W Czyzynski
1618 Home Av
Berwyn IL 60402

ABACUS QUERY

In reference to the alleged Chinese
abacus shown in “A Short History of
Computing,”’ by Reid-Green, (July 1978
BYTE, page 84), | have been informed
by supposedly reliable sources that an
‘‘abacus’’ with five beads below and two
beads above the bar is really a4 Japanese
device called a soroban, and that a genu-
ine Chinese abacus has four and one
beads, respectively.

My references show that the abacus
has the 4/1 configuration. The device
| own, which | thought was an abacus,
has a 5/2 configuration; but it is clearly
marked ‘“‘Japan'’ and sorobuyn in small
print on the side, confirming what |
had been told about the 5/2 “abacus.”

Do any of BYTE’s readers know if
both types were in use in both countries
and whether there are any other
configurations?

William B Adams
POB 34683
Bethesda MD 20034

ON OTHER HARDWARE WAYS
TO MULTIPLY

I just finished reading the article
“How to Multiply in a Wet Climate: De-
sign Details” (May 1978 BYTE, page
104} by Jack Bryant and Manot Swasdee.
| thought the article was great. However
the authors made mention of only one
chip from TRW (the MPY-16A)-M).

There is one other 8 bit by 8 bit
multiply integrated circuit chip (see
“Whats New’' December 1977 BYTE,
page 210). It uses less power than the
one the authors Bryant and Swasdee
use, and is faster. Also there are tran-
sistor-transistor logic (TTL) 4 bit by 4
bit multiplication integrated circuits
(the 74284 and the 74285). The two
circuits must be used together. They will
do 4 bit by 4 bit multiplication in under
50 ns. | am currently using a pair to do
binary coded decimal (BCD) multipli-
cations. | would like to see more of this
hardware type of articie in BYTE.

FTB3 Allan W Bathe
W-2 Division

USS Canopus (AS-34)
FPO New York 09501

But authors Bryant and Swasdee
actually used the chip they concentrate
on....CHwu

Circle 2 on inquiry card.

MAXIMIZE

YOUR MICRO!
8080/Z80 System Software

Purchasing a microcomputer system, even at
today’s low prices, is a significant investment.
And to utilize that investment to its full extent
requires a solid base in system software. Don’t
just accept what comes with your hardware . . .
there’s a better alternative!

OPUS/ONE: Business-oriented, block-struc-
tured high-level language. Includes such
capabilities as extended arithmetic precision
(up to 55 digits), multi-character variable
names, and easy to use string operations.
Includes a built-in DOS with random access
files.

OPUS/ONE..............o. .. $99.00

OPUS/TWO: Extends the capabilities of
OPUS/ONE with such features as error trap-
ping, machine code and OPUS subroutine
calls, overlays, and more disc file commands.

OPUS/TWO .................... $195.00

FORTE: An OPUS run-only system monitor,
perfect for end-user installations. Runs all

OPUS Language programs.
FORTE......... ... ... .. ... $60.00

S.0.S.: (Single-user Operating System) A full-
function DOS which includes OPUS/THREE,
a text editor (TEXTED), an assembler
(ASSEMBL), and a package of usefui system
utility programs.

SOS $385.00

TEMPOS: The ultimate microcomputer
system software package. A multi-user/multi-
tasking DOS which will handle up to 7
interrupt-driven terminals simultaneously, ina
true time-sharing environment. Includes
OPUS/THREE, TEXTED, ASSEMBL, and
many utility programs.

TEMPOS ....... ... ...l $785.00

All packages are upward-compatible. That is,
programs and data developed under
OPUS/ONE may be run at any higher level, up
to and including TEMPOS.

Standard device drivers are available for many
common peripherals; all packages include
System Generation capability, allowing the
user to interactively add drivers for any /O
device, including disc drives.

Like to know more? Circle the inquiry number
below or contact your dealer for your free
copy of our system software brochure! For
complete information, order your user’s
manual now, and we'll apply the price toward
purchase of the software. Please add $1.50 per
manual (set) for shipping/handling within the
U.S. (Master Charge and VISA accepted).

OPUS User's Manual.............. $12.50
S.0.S. Set (inc. OPUS Manual)..... $20.00
TEMPOS Set (incl. OPUS Manual).. $20.00

Dealer & O.E.M. inquiries invited.

ADMINISTRATIVE
OOSYSTEMS
OOOINC.
OO

1642 S. Parker Road, Suite 300
Denver, Colorado 80231
(303) 755-9694
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BUSS

The independence of o.cc is a crucial factor in
its significance to users (and prospective users)
of Heath Co. computers. Information on new prod-
ucts is presented to #use readers as it leaks out
of Benton Harbor, not held back to suit the plans
of the manufacturer. This has been true from its
first issue, which directed attention to the 8080
and LSI-11 months before any advertising appeared
on the H8 and H11. /iuns features candid accounts
of owners' experiences with their computers--this
is far more valuable than an article based on the

The Independent Newsletter
of Heath Go.

Computers lmg%%

opinions of a single reviewer. It shares news of
compatible hardware & software from other vendors
as well as reviews of books that can help you get
the most out of your computer system.

Every issue of Buss travels by first class mail
(outside North America it goes by air for only $2
extra). Your 12-issue subscription can be on its
way to you within a week. You have the choice of
starting either with the latest issue or with all
available back issues. Send $7.50 to Buss, 325-B
Pennsylvania Ave. SE, Washington, DC 20003.

Clubs 3ad

Newsleticrs

MITS Minifloppy Disk Users Group

The formation of a users group for
the owners of the MITS minitloppy disk
system has been announced. The group
is nonprofit and will act as a clearing
house for software for the new mini-
floppy. Those interested should send a
selt-addressed stamped envelope to AAA
Computer Services, POB 2742, Appleton
W1 54911,

Cromemco Users Pool

The Cromemco User, Systems and
Software Pool {CUssP) has been formed
for users ot Cromemco svstems and
boards. Its purpose is the exchange of
hardware and software operating notes,
bugs and their “‘cures,” product evalua-
tions and user written software. Three
initial newsletters are planned, each high-
lighting a different piece of Cromemco

software: 16 K BASIC, assembler and
FORTRAN. Any user input is welcome.
The membership fee including the three
initial newsletters is $10. For more in-
formation, user input, or membership
write to David Damecron, 402 E O'Kveefe
St, Apt 27, E Palo Alto CA 91303.

The New England Computer Society

The New England Computer Society
(NECS) meets the first Wednesday of
each month for the purpose of ex-
changing computer hobbyist infor-
mation. NECS is the largest club in the
area with 170 paid members. Within
the club there are PET, TRS-80, M6800
and 6502 user groups. They are also
fostering a PC Net interest group with a
planned bulletin board system. Member-
ship dues are $6 per year which include
a newsletter. The meetings start at
7 PM and are held at the Mitre Corp

cafeteria, Route 6, east of Route 3,
Bedford MA. for additional infor-
mation, write to the New England

Computer Society, POB 198, Bedford
MA 01730.

Attention Singapore Readers

There is a move to set up a Singapore
Microcomputer Society which would
include home and hobby computer users
as well as professional system designers.

If you live in Singapore and are inter-
ested in this society, you should get in
touch with Bernard Tan, Physics Dept,
University of Singapore, Bukit Timah
Rd, SINGAPORE 10.

New Club Supports the RCA 1802
COSMAC

Owners of Ltt, Super EIf, EIt II,
COSMAC VIP, COSMAC Development
Svstem or Homebrew 1802 will find
manv programs, appiications and experi-
ments for their microcomputers in each
issue of Questduty. This publication will
discuss the RCA instruction set and how
to build interesting programs tor graph-
icy, control, games and business pur-
poses. Coverage will be given to Tiny
BASIC, LIt expansion possibilities {mem-
ory, vassette input/output, etc), light
pens, reader questions and music pro-
grams. To obtain this monthly pub-
fication, send $12 to Questduty, POB
4430, Santa Clara CA 95054,

Dutch and Belgian Hobby
Computer Club

I'his  past summer Rob Bronckers
from the Dutch Hobby Computer Club
stopped bv the BYTE offices to give us
information about this European club. It
is a rather large club with eight chapters
in The Netherlands and two in Belgium

X PCE ELECTRONICS X )

\§

S-100 KITS

16/4+1 EPROM/RAM BOARD KIT

8K STATIC RAM KIT

Il SLOT MOTHER BOARD with sockets
RAM KIT
VERSAFLOPPY DISK CONTROLLER

48K DYNAMIC

$130°°
$130°°
$ 80°°
$631°°
$ 155 °°

All kits are complete with
sockets and documentation.

prices subject to change

- phone orders

There is much more, including
complete systems; for more
information, write for our flyer,

PCE Electronics

4782 Dewey Drive

Fair Oaks Ca. 95628
-master charge -5°, for shipping,
excess refunded
-visa

-calif residents
add 6%7. sales
(916)966-2208 tax

-COD requires
50°7. Deposit

-all products
guaranteed

2/
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Hobbyist
Computerized

Bulletin Board

Bulietin board systems
could become nodes in a
communication network.

Note:

This project was a
collaboration of Ward
Christensen and Randy
Suess. Each had a par-
ticular part to uphold.
The first part of this
article describing the
purpose of the bulletin
board is written by
Ward. The part de-
scribing the hardware
details is written by
Randy. . . .RGAC

150  November 1978 O BY I £ Publications lnc

Ward Christensen
688 £ 154th St ¥3D
Dolton IL 60419

Randy Suess
1930 Bradley
Chicago IL 60613

The Computericed Hobbyist  Bulletin
Board System is a persondl computer based
system for message communication among
experimenters. People with terminals or
computers equipped with modems call in to
leave and retrieve messages. It was conceived,
designed, built, programmed, tested, and
installed in a4 30 day period (January 16
1978 to February 16 1978) by the two of
us. In an effort to generate material for our
computer club’s newsletter, | first thought
of the idea and discussed it with Randy on
January 16 1978,

We laid out the hardware requirements:
an 8080 processor with 24 K bytes of mem-
ory, single floppy disk, modem interface,
and some sort of local keyboard and dis-
play. Randy scoured the computer stores
and purchased a mother board and two 4 K
byte memory boards at 4 reasonable price.
| talked with Lloyd Smith and Bill Bassett,
who operate DMA Inc, a manufacturer of
floppy disk drive systems based on the
Tarbell controller and the Innovex (now
Innotronics) floppy disk drive. DMA oftfered
to donate 40 percent of the cost of a con-

troller and floppy disk drive to the project.
| purchased the floppy disk drive, controller
and CP/M license, and loaned 24 K bytes of
memory to the project, pending receipt of
16 K bytes offered by DMA. Randy donated
his D C Hayes modem board, PolyMorphics
VTI, SwTPC keyboard, power supply,
chassis, IMSAl 8080 processor card and
Vector memory board.

We started with the monitor for the sys-
tem, but found that it was difficult to make
the VTI keyboard port work because the
VTI keyboard data bus shares the bus
carrying the characters being displayed.
To solve this, Randy bought a Processor
Technology 3P+S board and interfaced the
keyboard to it. This also allowed us to have
a sense switch port using the 3P+S. Since this
board has a serial port, Randy later decided
to add a Teletype to the system for log-
ging incoming data. This completed the
configuration.

Programming

In the first week of the project, | wrote
a mock-up of the software using MITS 8 K
BASIC. The input/output (IO) drivers
could be switched to my modem under
sense switch control, so | had people call
in and critique the system, Many good
suggestions were made.

By now Randy had the computer far
cnough along 1o need some programming,
50 4 monitor was put into read only mem-
ory. Since the system was to run under
CP/M, a Teletype compatible scroll routine
was dlso put into the read only memory for
both the monitor’s and CP/M’s use. Addi-
tions were made later to support the 3P+S
board for keyboard input.

After the BASIC mock-up of the system
was close to what we wanted, programming
started on the assembler version of the
software.

Assembler language was chosen over
BASIC for the implementation language
because of size and speed efficiency, and to
maintain control over such functions as
controf-K 1o terminate (kill) the current
function and return to the main menu.
The program now consists of the pieces of
assembler source, shown in table 1, which
are combined to produce the final assembler
source program.

In addition to this application program,
a modified BASIC 10 system (BIOS) for
CP/M had to be written. We wanted the
system to be able to be started from a
“cold boot” bootstrap program and come
up running the bulletin board program,
not CP/M. This would make the system
more crash resistant since the ringing of



the phone would activate it and the person
calling in would not be able to gain access
to CP/M itself. | studied the functions of
the CP/M console command processor and
modified the cold start routine to be able
to load in a program and branch to it. This
was done selcctively under control of the
sense switches. If we wanted to load CP/M
instead, we just set the remote mode sense
switch off,

About 30 days after the project was con-
ceived, il went on the air via a new tele-
phone line Randy had installed in his base-
ment. It was used for a weck by our friends
and was then announced at the February
meeting of CACHE, the Chicago Arca
Computer Hobbyist’'s Exchange. A poll
was ldhen to see how many people could
call. We expecied perhaps five or ten, but
25 hands were raised!

During the weeks that followed the
CACHE meeting, many people tried the
system. We informed Dennis (D C) Hayes
and PCNET of it, and they both tried it.
Most people were able to communicate
with the system. Those who couldn’t had
cither bad telephone lines or modems that
put out weak signals, which the system
seems quite intolerant of. People who left
messages saying they had some information
of interest and those who said they needed
information discovered that other people
using the system contacted them. We were
pleased to find the system working this way,
because that was one of its purposes.

Getting good feedback about the opera-
tion of the system is important to us. That
is why the goodbye function allows you to
leave comments. Many people contributed
gooud suggestions which were soon imple-
mented. For example, a4 new version of the
software was being put up on the system
every few days to send nulls after carriage
returns and line feeds for the many people
cdlling in using Texas Instruments Silent
700 terminals.

We will continue to improve the system,
dlthough we consider the project to be
close to completion. We might add date
and time, or if we get ambitious, a second
telephone line, but we drc quite satisfied
with the system as it exists now. We would
like to see other experimenters or clubs
implement such a system.

These bulletin board systems could then
become nodes in a communication net-
work of automated message and program
switching.

Hardware Details

My objective for the hardware of the
bulletin board system wadas to get the most

Name Function

CEQO Mainline routine: sign on,
menu, etc,

CE1l0 Goodbye function, com-
ments function.

CE20 Message summary retrieval
function,

CE30 Message entry (input, edit,
save).

CE40 Message retrieval.

CE50 System functions (erasing
messages, etc).

CE80 Disk  subroutines (read,
write, extend, etc).

CE90 Nondisk subroutines (mo-
dem IO, etc).

CE99 Constants and work area.

Table 1: Assembler routines used in the bulletin bourd progran.

functions at the least cost. To this end |
started with my IMSAI 8080 processor card,
having replaced it with a4 Cromemco Z-80 in
my persondl system. | found an old Vector
mother board for free and two reasonably
priced 4 K byte memory boards at a com-
puter store. 1 also bought a PolyMorphics
video terminal interface (VTI) card.

We burned 4 monitor for a memory board
to support the video terminal interface. Add-
ing an SWTPC keyboard completed the focal
console for the system.

We are now running an 8 K Vector
Graphic memory board and two 8 K byte
boards designed by Forrest Duston (a local
hobbyist and design engineer), which were
donated by Lloyd Smith and Bill Bassett of
DMA Inc.

A floppy dish was necessary for storing
the messages, so Ward bought a Tarbell con-
troller board and Innovex drive tromy DMA,
who graciously otfered it at 40 percent off.

I put thesc components into a chassis and
home-built card cage and started testing the
system. | found some incompadtibilitics in
the hardware, such as between the new VT
and the memory board (pressing reset would
not give control to the monitor in read only
memory). Switching to an older design video
termindl interface solved the problem.

I then found problems with the key-
board. The sharing of the interface’s on
board bus between the display data and key-
board status data caused the display to bieak
up badly. Putting a delay loop in the soft-
ware didn't help, because the nonlatched
data would easily be missed. | soived this by
purchasing a Processor Technology 3P+S
board for the keyboard input port. This
turned out to be very usetul, first to allow a
sense switch input port, and later to drive 4
logging Teletype tor all incoming messages.

I had dalso purchased a D C Hayes modem
board to be used for exchanging files and

My objective was to get

the most functions at the

least cost.
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P.E.T."™ PRODUCTS

SOFTWARE/ACCESSORIES/HARDWARE

Memory Expansion!!-31,743 Bytes Free!-NEECO now has internal memory
Expansion Boards Available for your PET! 16K, 24K and 32K Memory
Configurations. Call or write NEECO and ask for our *Free* Software and
Hardware Directory. Power up to 32K Bytes! Call NEECO for more info.

Software-NEECO has too many programs to list them all here! Call or
write and ask for our *Free* Directory! °‘*Software Authors!-NEECO
offers 25% Royalties on Pet programs with nationwide distribution!--Call
NEECO tor additional information on our 25% Royalty Program.

PET & Peripherals-NEECO offers fast {off the shelt?) delivery schedules
for the Pet Computer and Peripheral 2020 Printer. NEECO also otters
excellent personal & Warranty service!!! Interested in a Pet? Call and
request our P.E.T. info Pak. Feel free to call and ask questions.

{F YOU OWN A PET YOU SHOULD BE ON OUR PET PRODUCT LIST
NEECO IS AN AUTHORIZED PET SALES & SERVICE DEALERSHIP!
OUR PRODUCTS DIRECTORY WitL GIVE YOU DESCRIPTIONS AND
PRICES FOR MANY OF OUR PET PRODUCTS! *BUSINESS & GAME
SOFTWARE*INTERNAL MEMORY EXPANSION‘TYPEWRITER KEYBOARD
*IBM SELECTRIC/PET WORD PROCESSING SYSTEM (JAN-1979)°
*PET DUST COVER°®MUSIC BOX TUNE GENERATOR'LEARNING &
TUTORIAL PACKAGES FOR PET*SERVICE/DIAGNOSTIC PACKAGES®
CALL NEECO AND WE WILL SEND YOU OUR FREE DIRECTORY!!!

NEECO Dust Cover- Protect your Pet! Gover your Pet’s delicate circuitry

and keyboard trom dust that can. over time, cause intermittent chip
failures! Heavy. clear Plastic Dust Cover shows oft your Pet while
protecting 1t from dust. spills. and those Inevitable 'Unwanted Sticky
fingers'! Manutactured to last as long as your Pet!-only $17.95

VISA OR MC Phone orders Accepted--(4% Surcharge on Hardware)

248 Bridge Street

E Emlm m “Authorized PET Sales & Service

“Guaranteed Delvery’’
Area Code (413) Schedules for all of our

springheis. A 01103 139-9626 75T, Seren
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Apple Owners! We've Got Software!

Trans-Data Corporation is lately offering Software
Commercial, Educational, Scientific and Entertain-
ment Applications included.

APAO9 .......... LABELPRINT ............ $10.00
ADIO6 .......... MAILING LIST SYSTEM .... $50.00
ADIOZ .......... FILE USE TUTORIAL ... ... $15.00
APAO4 ... ... . ... FINANCES .. ............. $15.00
APAO7 .......... CHECKBOOK ............ $20.00
AEJO5 . ......... SUPERMATH ............ $18.00
AEIOB . ......... METRIC CONVERSION .... $20.00
AEEOG .......... MEMORY AIDE .......... $18.00
AGI16 .......... HORSERACE ............ $18.00
AGIO3 .......... KEYBOARD ORGAN ... .... $18.00
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For floppy disk add $8.00. Add $2.00 for shipping
and handling. Florida residence add 4% tax.

Check, Money Orders, or Credit Cards Accepted

161 Almeria Ave.

Dept B-118
Coral Gables, Florida 33134

Phone (305) 576-7666
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programs with other CP/M users, but de-
cided to use it in this system because of its
ability to select the transmission rate (110 or
300) and to answer the phone. Hooking this
through a data access arrangement (DAA) to
the phone line completed the standard hard-
ware of the system.

Ward needed some way for the system to
recover from possible software and hardware
crashes, so | built a simple interface between
the modem board and the hard reset of the
system so that, every time the telephone
rang, the system would do a cold boot to
CP/M. A 555 timer was added to the reset
circuitry so that after the first ring, subse-
quent rings would not interfere with the
CP/M booting process. | did not use the ring
detect feature of the Bell data access arrange-
ment, because the modem board’s setup was
easier to control and detect under software.
After some preliminary problems with the
modem board (Dennis Hayes was more than
helpful in resolving these) and the Tarbell
controller, the hardware has been function-
ing as expected.

To prolong the motor life and minimize
power consumption, | installed a solid state
relay that turns the drive motor on when the
telephone rings. The 555 then provides 30
seconds during which ring detect is disabled
to prevent subsequent rings from interrupt-
ing the booting, allowing CP/M to come in
and answer the phone. The Tarbell control-
fer board is designed to boot CP/M when the
system is reset, so this hardware, with Ward’s
software, gets the system going.

That’s how the hardware now stands,
except that | sold the Teletype and am going
to use an SwTPC PR-40 for the logging
device. The system has now been operating
very successfully since mid February 1978.

Programming Details

The following information is supplied for
those who want the details of the structure
of the files on the system, what modifica-
tions were made to CP/M to support the sys-
tem, or the design of the bulletin board pro-
gram itself.

File Structure

CP/M is capable of storing 240 K bytes of
information on a diskette. The directory is
capable of keeping track of up to 64 files. |
would like to keep about 200 to 300 active
messages on the system. This means that
each message cannot have its own directory
entry. | decided to group messages in quanti-
ties of ten per directory entry. Thus file-
name MESSAGE.O0X contains messages 1
thru 9, MESSAGE.O1X contains messages
10 thru 19, etc. Assuming the number of


http:MESSAGE.01
http:Autho,.ud

active messages to be about one half the
highest message number implies that there
will be five messages per file. If there are 40
active files {(such as messages from 1 to 400),
then there will be approximately 200 mes-
sages. |f each message averages eight lines of
50 characters, this is 400 bytes. The total
disk space for the messages themselves will
be 80,000 bytes. Thus 200 messages can
casily be held. The directory keeps itself
clean: when the last message in a group of
ten is erased, the file itself is automatically
erased from the directory.

There are also message summary files.
They contain the following fields for cach
message:

Message number.

Number of lines.

Date entered.

From (author)

To (recipient)

Subject.

Password (must be supplied to erase
the message).

The summary files are grouped like
the message files, but by 100s. Thus, sum-
madries 001 thru 099 are in a file called
“SUMMARY.0XX", etc. This keeps the
message erase function simple: it can read
the entire file into memory, delete the sum-
mary, and rewrite the entire file.

There are a number of text files on the
disk. They are used when predefined infor-
mation is to be given, such as the welcome
messdage. There are two  types of files:
straight text files, and question files.

Question ftiles are used in such tunctions
as Help, in which the user is asked a ques-
tion, “Want help with summary function?”
for example, and is then allowed to answer
Y or N. If Y is typed, the text associated
with the guestion is typed. If N is typed, the
text of the message is skipped. Table 2 con-
tains the text and question files used by the
system, as well as other files not previously
mentioned.

CP/M Modifications

When an unmodified CP/M system is ini-
tially ioaded, control transfers to the *‘cold
boot” entry in the BASIC 10 system (BIOS).
Its function is to:

® Build the required jumps in low mem-
ory to CP/M.

® Transfer control to the console com-
mand processor.

® Reset the disk, log in drive A, and
begin communicating with the console.

Since we don't want CP/M to get control
when the system answers the phone, a modi-

fication was made to the cold start routine
so that the sense switches were examined to
determine if the remote switch was on. If
not, control proceeded to normal CP/M
operation. However, if the remote switch
was on, the system performed the reset disk
system and log in drive A functions normally
done by the console command processor.
The normal CP/M functions of OPEN and
READ are performed to load the bulletin
board program into memory. Note that all
of this happens before the telephone is an-
swered, so that if the program can’t be
found, or has an error loading, a call is not
wasted. When the program is loaded, control
transfers to it, the telephone is answered,
the information transfer rate is determined,
and communication begins.

Bulletin Board Program

The functions of the program are:

Feedback on the operation
of the system is important.

® Answer the telephone.

® Determine the information transmis-
sion rate.

® Process the user’s requests.

® Hang up the telephone.

Tuble 2: Descriptive files to aid users of the bulletin board system.

WELCOME: This file is typed when you first connect to the system. It welcomes you,
and tells of the various control characters that can be used to control the system.

BULLETIN: This file may or may not exist. If it exists, it is typed after the welcome
file, It contains bulletins such as changes in the operation of the system, club meeting
announcements, etc.

LOG: When you first get on the system, it asks you for your first and last name. They
are written to this file to give us a log of who uses the system, Also, if you are a first
time user, the system asks where you are calling from, and logs this information after
your name,

FIRSTIME: This file is a question file, and it is interpreted if you reply Y to the ques-
tion asking if this is your first time on the system. It prompts the new user about what
can be done.

HELP: This is a question file. It is quite lengthy, going through the various system
functions and, at each one, asking if you want help.

ENTINTRO: When you ask to enter a message into the system, you are asked if you
would like to review the steps used to enter a message. If you say Y, the system types
this file,

ENTRHELP: After you have entered your message, you have several options: aborting,
editing, saving, or help. This file is the question file which is interpreted if you ask for
help.

NEXT: This file contains the next message number to be entered into the system. It is
incremented by one every time a message is saved,

COMMENTS: When you leave the system via the G (Goodbye) function, the system
asks if you would like to leave any comments. If you say yes, it writes the lines you type
into the comments file. This provides a technique much easier than message entry, so
we will get feedback on the use of the system.

PASSWORD: Certain system functions are of such a nature that only the system oper-
ators (as opposed to users) may execute them, For example: erasing a message whose
password is not known, exiting into CP/M for file maintenance, determining disk status,
etc. This file contains the password which must be entered to get into this operator
mode. It is a disk file, rather than being built into the program, to facilitate changes
when the need arises.
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TERMINAL NEED NULLS”

wx WELCOME TO
WARD AND RANDY'S COMPUT

L2 2

TYPE CTL-N WHILE THIS TYPES:

CBBS/CHICAGO Kk
ERIZED BULLETIN BOARD SYSTEM

LA 2

----- > CONTROL CHARACTERS ACCEPTED BY THIS SYSTEM:
DEL/RUBOUT ERASES LAST CHAR. TYPED (AND ECHOS IT)
cTL-C CANCEL CURRENT PRINTING
CTL-K 'KILLS' CURRENT FUNCTION, RETURNS TO MENU
CTL-N SEND 5 NULLS AFTER CR/LF
CTL-R RETYPES CURRENT INPUT LINE (AFTER DEL)
CTL-S STOP/START OUTPUT (FOR VIDEO TERMINAL)
CTL-U ERASE CURRENT INPUT LINE

---------------------- BULLETIN  ===--=m-cemcecccmaa—a-

PROBLEMS WITH THE SYSTEM??

HARDWARE: RANDY (SUESS), (312) 935-3356

SOFTWARE: WARD (CHRISTENSEN), (312) 849-6279

------------- s--==----  BULLETIN  =------=c=ccccacccaaa-

)

---------------------- BULLETIN = ——-cecmmccccaeoa-

---> ALL USERS: BE FAMILIAR WiTH MESSAGES 3, 6, AND 60

N O

Listing 1: Output of the bulletin board system when a user first logs onto the
system. The welcome message is printed out followed by the important con-
trol characters. Any bulletin of general interest is also shown at this time.
Bulletins can only be put on the system by the system operators. Individual
users may not access this function.

The system answers the telephone by an
output instruction to the D C Hayes modem
board. It then has two subroutines, called
SETI110 and SET300, which set the trans-
mission rate. Initially, the program gets con-
trol, calls SET110, which picks up the tele-
phone, sends out the answer tone, and
selects the 110 bps transmission rate with
two stop bits and no parity.

The program then monitors the modem
status for about 15 seconds to determine
when a connection with another modem has
been made. If no connection is made, a mes-
sage is printed to the local console, the tele-
phone is hung up, and control is transferred
to the monitor. Note that the monitor docs
not take part in the brlletin board system
except to supply the scroll routine for the
video terminal interface. The ring detect and
system startup is all done through hardware,
for reliability. Thus the system is able to
experience an unexpected power outage and
still operate the next time the telephone
rings.

If a connection is established, the system,
at 110 bps, waits for a character from the
line. If this character is not an ASCII car-
riage return, it switches to 300 bps and tries
again. It tries each speed, alternately, ten
times. If this technique does not result in a

Recovery from software
and hardware crashes was
needed.
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carriage return being seen, the system prints
a message, hangs up the telephone, and
jumps to the monitor.

The technigue for establishing communi-
cations with the system is to:

® Dial the telephone.

® Wait tor the answer tone,

® Put the modem on the telephone line.
® Press return repeatedly until the sys-

tem responds.

When the data connection is established,
the system types a carriage return and line-
feed to indicate that it is connected. It
then sends the contents of the disk file
WELCOME to the caller, followed by any
bulletins that may be of interest. This out-
put sequence is shown in listing 1. Next, it
asks for your first and last name, and logs
them to disk. It asks if you are a first time
user, and if so, asks where you are from, logs
this to the disk, then gives you an introduc-
tion to the system.

The system also keeps track of how many
people have used the system. This number is
output at sign on. Mostly, it is just for
interest, but helps to see if anyone has used
the system since you last did.

The following prompt asks what you
want to do:

FUNCTION: B,C,D,E,GH K,NP,R,S WX, (OR
? IF NOT KNOWN)?

If you do not know or remember what the
letters stand for, you type ?, in which case
the system replies:



FUNCTIONS SUPPORTED:

B=PRINT BULLETIN

C=CASE SWITCH (UPPER/LOWER)
D=DUPLEX SWITCH (ECHO/NO ECHO)
E=ENTER MSG INTO SYSTEM
G=GOODBYE (LEAVE SYSTEM)
H=HELP WITH FUNCTIONS

K=KILL (ERASE) A MESSAGE
N=NULLS: SET 0 TO 9 AS REQUIRED
P=PROMPT SWITCH (BELL ON/OFF)
R=RETRIEVE MSG

S=SUMMARIZE MSGS

W=TYPE WELCOME

X=EXPERT USER

Details of these functions are given below.

B=PRINT BULLETIN

If you arc using a printing terminal, you
can simply look back to see what the bulle-
tin said when you first connected to the
system. |If, however, you dare using a video
terminal, you may want to review what the
bulletin said. The B function does this.

C=CASE SWITCH (UPPER/LOWER)

Most terminals dare capable of handling
any ASCIH character that comes to them,
whether it is lower or upper case, typically
translating lower case Lo upper case if neces-
sary. However, there are exceptions, notably
the Heath HY terminal, which displays gar-
bage when sent lower case characters. For
this reason, the system defaults to upper
case only, until you use the C command to
switch to fower and upper case mode. Using
the command again will switch back to
upper case only mode.

D=DUPLEX SWITCH (ECHO/NO ECHO)

Full duplex and half duplex refer to the
ability for a medium (such as the telephone
line) to have data going in both directions
simultaneously (full duplex) or only in one
direction, (half duplex) at a time. These
terms have now taken on different meanings
when referring to 4 computer terminal. Full
duplex refers to a terminal which sends a
character trom its keyboard, then echos
what comes back trom the phone line. Half
duplex refers 1o a terminal which echos its
characters locally. Thus, the D function is
used to determine whether the system echos
characters back to you.

It you are using a Teletype, tor exampile,
which prints every character you type, you
will use the D command to go to half
duplex mode so you do not see ecvery
character twice (one from the Teletype, the
other trom the phone line). This does sacri-
fice some integrity, however, because you do
not sece the characters echoed back to you
to verily that what you typed went in
correctly.

PET 2001 ¢ PET 2001 » PET 2001 * PET 2001 « PET 2001  PET 2001 ¢ PET 2001

oPET 2001 ¢ PET 2001 ® PET 2001 ¢ PET 2001 ¢ PET 2001 ¢ PET 2001 » PET 2001 » PET 2001 » PET 2001 » PET 2001 ¢

Circle 382 on inquiry card.

PET"
DOCUMENTATION
NOW!

TIS

WORKBOOKS FOR THE COMMODORE PEY 2001
Getting Started with Your PET WB-1 $4 00

Covers the fundamentals of PET BASIC caiculator
and program mode, data inpul and output. data
representation program storage on the cassette

PET String and Array Handling wB-2 $3 95

Covers string and substring search. concatenation.
replacement and manipulation

PET Graphics WB-3 $4 95

Covers use of cursor control and special graphics
symbols to draw plots histograms and sketches

PET Cassette 1/0 WB-4 $4 95
Covers OPEN CLOSE. string and numeric data files
wB-5 $§3 95
Covers the clock. random number generator. upper
and lowercase alphabetic characters. saving memory
space etc
Add $1 50 tor shipping and handling

TiS

P.O. Box 921

Los Alamos, NM 87544

Money back guarantee

Miscellaneous PET Features

Pet is a trade mark of Commodore Business Machines

© L0OZ 13d * 100Z L3d o L00Z 13d » 100Z L3d © L00Z L3d e LOOZ L13d ® L0OZ 13d » LOOZ 13d * 100Z L3d * 100 13d

PET 2001 » PET 2001« PET 2001 « PET 2001 ¢ PET 2001 « PET 2001 » PET 2001

PROGRAMS FOR KIDS

Educational and fun. Developed by educational designers.
Teach essential skills in an exciting new way.

PRESCHOOL 1Q BUILDER—Helps 3-to-6-year-olds develop
vital intellectual skilis needed to do well in schoo!.
7 programs . Guide TRS-80 Levels | & II, PET, Apple I

MEMORY BUILDER: CONCENTRATION—Educational
games 1o heip children 6 and up iImprove memory.
3 games « Guide Apple H & PET

STORY BUILDER/WORD MASTER—games that teach
grammar and vocabulary to children 9 and up.
4 games 1 Guide TRS-80 Level ll, PET. Apple i

GRAPH BUILDER—teaches children 10 and up to read
graphs. Includes games
11 programs . Guide TRS-80 Levels | & Il

Each title $9.50 plus $100 shipping

VISA & Master Charge accepted (include number. exp. date.
MC include digits above name)

Department 80
Program Design, inc., 11 Idar Court. Greenwich, Conn. 06830
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The theory is divided into sections de-
voted to:

Number systems and codes.
Microprocessor basics.
Computer arithmetic.
Introduction to programming.
The processor.

Interfacing.

t is a comprehensive and well integrated
course of study. The explanations are clear
and the text is replete with examples. The
experiments were divided into one group of
programming experiments in machine code
using the hexadecimal keyboard (no
assembler) and another group of interfacing
experiments. The audio and chart combin-
ation is a brain tension reliever that is called
on periodically to provide information on
the organization of the course, various uses
for and applications of microprocessors in
industry, an overview of programming con-
cepts and languages, a discussion of the
various types of semiconductor memory
devices, a breakdown of the steps involved
in the design of a microprocessor based
device, and a comparison of current micro-
processors.

By the time the programming part is
finished, the whole instruction set of the
6800 processor has been covered along with
the provision for considerable practice in
machine language programming. This is not
to say that great programming proficiency
was achieved from just finishing the course.
No matter how cleverly | thought | had
written a program (and they all ran), the
official version always proved to be much
more craftily constructed. The programming
experiments include multiple precision and
binary coded decimal arithmetic.

The interfacing section proved to be the
most exciting for me. The theory and
practice of interfacing with memory and
displays comprise the early topics. Software
key debouncing and display multiplexing
are included. The interrupt capability of
the processor is demonstrated by leading
up to a line frequency triggered digital
clock. The peripheral interface adapter
(P1A) is discussed and then used to play
tunes, to matrix decode a second keyboard,
and to demonstrate parallel to serial con-
version. A digital to analog converter is used
to program various voltage waveforms and
finally to simulate a digital voltmeter with a
comparator circuit. This last experiment is
the only one that requires additional equip-
ment: a voltmeter and (optionally) an
oscilloscope to view the pretty voltage
waveforms. All the experiments worked as
advertised.

As a professional educator, this course
proved to be somewhat threatening. The
material is so well presented that a teacher
doesn’t appear to be necessary. Yet real
learning surely must draw brain pain, and
some persons will always need a structured
course with scheduled exams to force them
to study, so perhaps my job is safe for a
few years yet.

Minor Criticisms

The discussions after the experiments
were very complete, but | would have liked
more advance information before wiring a
circuit on the breadboard. The integrated
circuits being used should be labeled with
their function (such as 3-IN NAND) as well
as their TTL number. A good index would
make the material much more useful for
later reference.

In sum, Heath has developed an appealing
and cost effective entree into the world of
microprocessing. They have devised a system
that is suitable for either self-instruction or
individualized class instruction. The trainer
lends itself to continued breadboarding of
new ideas and to continued practice in
machine language programming.®

» NEW SOFTWARE FOR
YOUR COMPUTALKER!

SOFTWARE PACKAGE Il
available now

CTEDIT A new parameter editor
CSEDIT Editor for CSR1 input
CTEST CT-1 Hardware diagnostic

PLAYDATA To hear the data files
MEMVOICE A vocal memory dumper
KEYPLAY Subr. to play letters/digits
PIANO A simple musical keyboard

8080 Assembly Language
*##* Sources included ***
CPM 8”, North Star, Micropolis,
Tarbell, CUTS, MITS ACR,
paper tape

on any of the above media $30.00
calif. res. add 6% sales tax

COMPUTALKER CONSULTANTS
1730 21st Street, AB

Santa Monica, CA 90404 .
\ (213) 392-5230 J
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A Cassette Interface Switching Box for the TRS-80

A

8

i
FROM TRS-80
5! /E Pl

(PLUGS INTO RECORDER
"REMOTE " JACK)

FROM TRSABO%JZ T

v P2
(PLUGS INTO RECORDER
"EARPHONE " JACK)

S2

RI
27000
8§l SPEAKER
SPKR |

Figure 1: Cassette interface switching box for the TRS-80. The circuit en-
ables the user to manually control the cassette recorder without having to
unplug the recorder’s remote jack, and allows audio monitoring of the tape
while it is being loaded into the computer.

Craig Anderton
c/o BYTE
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Recently, | had the chance to borrow a
Radio Shack TRS-80 for the purpose of
getting started in the art of writing pro-
grams. The aspect of its opcration that
pleased me the most was the incredibly casy
start up, which involved locating a wall
socket and opening the manual. In addition,
| liked having a cassette recorder and inter-
face included in the TRS-80 package,
making it casy to store programs on cassette.

After working with the unit for a while, |
noticed that | was saving programs with in-
creasing frequency. Being new at the game,
I would often develop a program to a certain
point and then make a save. When, on
subsequent passes, | wrote in some kind of
garbage that crashed the program, or made
some other grievous error, | always had the
cassette as a point of reference for analyzing
what went wrong and why.

Unfortunately, the cassette interface sys-
tem has a few mechanical peculiarities that
detract from the overall usefulness of the
system. This article is about remedying these
particular problems with a simple, very
inexpensive and easy to use switching box
that inserts between the recorder itself and
the combined computer/keyboard unit. This
box requires no modifications of any kind to
the TRS-80, so you can keep your warranty
intact too.

Let’s identify the problems. Problem
number 1 is that the recorder is controlled
at all times by the computer. . .and the

computer cannot tell it to do things like
rewind, fast forward, etc. As a result, a
means of manual control over the tapc
recorder is a necessity. Returning to manual
control with the stock TRS-80 requires
physically removing a plug which comes
from the computer and mates with the re-
corder’s ‘“‘remote jack.” [|'ve never been
much of an optimist regarding the reliability
of tiny jacks and plugs; the repecated plug-
ging and unplugging is not only time con-
suming and awkward, but it could lead to
eventual reliability problems.

Problem number 2: there is no simple
provision for audio monitoring of the
cassette. Perhaps this doesn’t scem like
much of a problem after all, the cassette
is designed to talk to the computer, not to
us. However, the audio monitoring is very
helpful. (We'll cxplore this morc towards
the end of the article.) Monitoring with the
TRS-80 involves unplugging another plug
which comes from the computer and plugs
into the recorder’s earphone jack. Then you
can listen to the cassette over the recorder’s
internal spcaker. This means that you cannot
monitor a tape while it is being loaded into
the computer.

Figure 1 shows an economical solution to
both problems. The cord from the keyboard
that would normally feed the remote jack of
the recorder plugs into J1; P1 plugs into the
recorder’s remote jack. With S1 in position
A, the TRS-80 controls tape motion. In
position B, the recorder is manually con-
trolled.

In order to monitor, the cord from the
keyboard that normally goes into the ear-
phone jack on the recorder plugs into |2;
P2 plugs into the recorder’s earphone jack.
S2 either connects or disconnects a small,
8 ohm transistor radio speaker from the line,
with isolation from the line provided by a
270 ohm resistor. The added loading seems
to have no effect on operation at all.

| constructed the circuit in a small metal
box, tried to keep the leads reasonably
short, and have used it for many hours with
no problems. Following is an example of
how to record a good cassette using this box.

Start with the cassette recorder under
computer control. Before doing a save,
however, | recommend identifying the

program by voice on the tape. The TRS-80
recorder has a rubber dummy plug inserted
into the microphone jack. Temporarily
unplug this dummy and plug in a regular



cassette microphone. Push “play” and
“record’: the tape won't start since the
computer hasn’t said anything; however, flip
the switch to manual control, and the tape
will run. Speak your introduction, ie: “This
is the first take of computer graphics pro-
gram number 5. It uses approximately 2 K
bytes of memory.”” After recording this, flip
the switch back to computer control, return
the microphone jack to its original state, and
type the usual CSAVE into the computer.

As the save process occurs, you will hear
audio information being transferred to the
cassette through the monitor speaker if S2
is set to monitor. It’s interesting to compare
what you hear going in with what you get
out on playback. For example, you will find
out about the quality of your cassette, and
whether or not you’re having dropout or
recording problems.

Radio Shack recommends a second save
for safety’s sake on complex programs; a
third save isn’t a bad idea either. After the
computer has finished saving the program,
the video display signals with READY and
the tape motor shuts off. Plug the micro-
phone back in; flip S1 back to manual
(without changing the record/play buttons;
they are still depressed), and again, record
an identification, such as, “This is take 2 of
computer graphics program number 5.” Save
again as described above.

When it's time to load the program back
into the computer to see if all went well,
you’'ll find it's easy to find the right spot
on the tape. Just flip to manual control,
switch in the monitor, and juggle between
rewind and play until you find the beginning
of the tape program. You should hear the
unambiguous voice identification, followed
by the sound of data being transferred. The
TRS-80 does print a couple of flashing
asterisks to let you know the program is
loading, but the extra audio feedback is
very reassuring.

There are a couple of final notes. Due to
the 270 ohm isolation resistor, you don't
get much volume out of the speaker. You
could lower the resistance, but that might
also reduce the level of the signal going to
the computer. A better option, if you need a
loud signal, is to use a small audio amp
integrated circuit (like the LM380). Unless
you play with your computer in a very noisy
environment, you probably won’'t have
any complaints about the nice unobtrusive
level you get with a 270 ohm series resistor.

I hope that if you have a Radio Shack
computer, you will try this circuit. It can
save a lot of time, avoid the plugging and
unplugging blues, and lessen the number of
human errors, all for only a few hours of
work.m
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FLOPPY DISKETTES

TOP QUALITY VERBATIM™ DISKETTES
AT SPECIAL PRICES*

Qur Special Special
List Usual Price Box
Item Code  Description Price  Price/ea. Each* of 10

VB-FDO1 8" Soft-sectors iBM Format  $8.50  $5.50 $5.00 $47.
VB-fFD32 8" 32 sectors hard-sectored

for Shugard, Tektronics, etc. $8.50  $5.50 $5.00 $47.
VB-MDO1 5" Soft-sectored IBM

compatible $595 $4.50 $4.00 $37.
VB-MD10 5" 10 sectors hard-sectored
for North Star $595 $4.50 $4.00 $37.

VB-MD16 16 sectored for Micropolis $5.95 $4.50 $4.00 $37.

*To qualify for these special prices:
1. Payment must accompany mail order or call with credit
card .
No C.0.D.
2. Refer to this ad by: magazine title, issue month, and
page number.

Prices are F.0.B. our warehouse. Add $1.50 shipping & handling per each 10 (or
less) diskettes N.Y. state residents add appropriate sales tax

Call {315} 637-6208 or

Send order to:

P.O.Box71 e Fayetteville, New York 13066

A PROFESSIONAL COMPUTER
TERMINAL FOR THE HOBBIEST

SINGER

7100/7102
New & Reconditioned
Terminals with

ASCII Code

FEATURES:
7100

¢ ASCII CODED without tape punch or reader

« 110 to 150 BAUD (11 to 15 CPS adjustable)

* Word Processing Quality « RS232 Serial or
Current loop Interface < Nationwide Service

¢ Warranty e Off line use as Typewriter

¢ (Option) Special Interfaces available for Hobby
Computers (state which when ordering)

$650. to $1295.

7102
e Same features as 7100 plus tape punch & reader
TERMS:
C.0.D. and
Cashier’s Check CZMEQE(R:CQOK?P;ZU?
Shipping and 15 East 314s Strget
Handling $35.00 ea. o 16) 6619776
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Listing 1 (opposite): The first half of Chess 0.5, written in Pascal. The second half of the pro-
gram will be presented in part 3 (December 1978 BYTE) of this series. The portion of the
program presented here covers initialization of the program, variable declaration, manipulation
of the “bit boards” (used to represent positions on the chessboard), user print routines and
move generation. The second half of the listing will include procedures for evaluation of ter-
minal positions, the look-ahead procedure, and user commands.

Creating

a Chess Player

Part 2;

Chess 0.5

computer chess strategy.

Part 1 of this series (‘‘Creating a Chess Player,” October 1978 BYTE,
page 182) was an essay on human and computer skill. This month and
next we present Chess 0.5, a program written in Pascal by Larry Atkin,
who is coauthor with David Slate of the world championship computer
chess program Chess 4.6. The program is readily adaptable to per-
sonal computers having Pascal systems such as the UCSD Pascal project
software. Part 4 of the series will conclude with some thoughts about

Peter W Frey

Dept of Psychology
Northwestern University
Evanston IL 60201

Larry R Atkin

Health Information Services
542 Michigan Av

Evanston IL 60202

Note: The Pascal subset
described in “A ‘Tiny’
Pascal Compiler” (page
182) is not compatible
with the more sophis-
ticated  Pascal  used
here. .. .CM
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We have attempted to incorporate several
features which make the scarch process more
efficient and others which increase the
user’s options. Both of these enhancements
are important. The first set of features
(incrcn)ental updating, iterative searching,
staged move generation, ctc) were described
in general terms in part 1. These features
reduce computation to the point where a
move can be selected in a reasonable amount
of time even with a full-width scarch. The
sccond set of features (special control and
print commands, accepting chess moves in
standard notation) not only add to the
pleasurc of using the program, but also make
the debugging process much easier. The price
for these enhancements is a longer, more
complicated program. We hope the length
of our listing will not discourage the reader
from becoming actively involved.

Pascal was developed to provide a logical
and systematic higher level language which

could produce reasonably efficient machine
code for existing hardware, Computer pro-
grams can be conceptualized in terms of
two ¢ssential parts, descriptions of data and
descriptions of actions which are to be per-
formed on the data. Pascal requires that
every variable occurring in the program be
introduced by a declaration statement which
associates an identifier and a data type
with that variable. The data type detines the
set of values which may be assumed by the
variable. Since a chess program involves a

large number of variables, our program
begins with a long list of declaration
statements.

A constant definition introduces an iden-
tifier as a synonym for a constant. This is
very useful since the value of the constant as
stated in the declaration list can be changed
at some later date, and this change will then
be reflected throughout the program in
every place where the constant is used. In
the chess program, the values of some of
the constants depend on the characteristics
of the user’s hardware. For example, the
values of ZK (maximum scarch depth) and
ZW (move stack limit) will rcficct the amount
of memory which is available on your sys-
tem. On personal computers, ZX will gen-
crally be set at 7 if you have an 8 bit proc-
essor and at 15 if you have a 16 bit proces-
sor. Note also that the value of PZX8
depends on the value of ZX. To implement
this program on a given computer, it is
necessary to insert at the beginning of the
program the appropriate values for these
constants,

For the sake of clarity, specific data types
are declared for ¢ number of difterent chess
concepts and for certain useful indices. The
program also takes advantage of the different
propertics  represented  in Pascal’s  data
structures: the sct, array and record. It is
unlikely that anyone will  immediately
memorize the names of all the variables.
Therefore it is uscful to have them listed
at the beginning where they can casily be
found for later reference.

There is a comment statement accom-
panying almost every instruction in the
program. Although these briet statements



PROGRAM
LABEL

1,
2,
93

CONST
AA

AD
[ ¥}
AK
AXM2
FL LY
AL =
AZL =

[ L]
AS
av

AV
aw
Ax
AY

LPP =
PZxs

SYNCF
SYNCL
SYNMF
SYNRL

TYPE

* SI

Ta =
\£:]
Tc
m
TE

TF
T
™

Tl
TJ
T
T
™
™
T

:
TS =
.
N

*
=
Tt =
=
T

SE

w
o
R

RE

RB =
L1:2
RBY
RBT
RBS
CAS

0
1
END

RA
RC
RN
RJ

RD =

ROP:
ROS
ROK
RDN
ROR
END

RK =
CAS

L]

1

€ND

CHESS{INPUT,OUTPUTY

+32767¢

PrpRR eI
~
=

R

203
= 167772863

MPLE TYPES »)
(Y 7 ¥
BIOLEANS
CHaAR:

42..70:

(e
g
(e

(»
(e
(e
(e
te
("

(e
(.

te
1

e
(e
(e
te

(e

(e
(=
(e
(e

INITIALIZE FOR A NEW GAME *)
EXECUTE MWACHMINES MOVE *)
END OF PROGRAM *)

CHARACTERS IS A WORD *)
CHARACTER LIMITS ®)
OIRECTION LIKIYS *)
CHARACTERS IN A STRING *)
SEARCH DEPTH LINITS @)

AK=2 )

Koy %)

LARGE BOARD VECTOR LIFITS *)
LARGE BOARD DIFFERENCES
LIRITS =)

MESSAGE LINITS *)

BOARD VECTOR LIMITS *)

B0ARD VECTOR LINITS ANO
ANOTHER VALUE *)

EVALUATION LIMITS ®)

MOVE STACK LIMITS *)

SUBSETS OF SQUARES *)

ARRAY OF SUBSETS TO FCRM A SET
OF ALL SQUARES ON BOARD *)
LINES PER PAGE *) *
2~ (In-T1 )

FIRST CAPTURE SYNTAX *)
LAST CAPTURE SYNTAX *)
FIRST MOVE SYNTAX ®)
1AST MOVE SYNTAX ®)

INOEX TO WORDS OF CHAR ®)
TRUE OR FALSE *)

SINGLE CHARACTERS *)
OIRECTIONS =)

(31,3248 3,BeeS51052+STySuaNT N2 MY Nu NS NENT,NB)
(s

CFL F2,F3.Fu FS.FH,F7,F8) 3
(P, PP, PN, PBI {
(HO oML o HZ M3 MU yHS HB 4 HT) 3

INTEGER:
[ WY N
AKX, 2K
AL, 20
{LITE.DARK , NONE) 3
AN..ZIN}

te

NUMBER OF DIRECYIONS *)
FILES *)
PROMOTION PIECES *)

TREE SEARCH MODES *)
NUMBERS *)

INDEX YO STRINGS ®)
PLY INDEX °©)
LARGE (10x32}
SIDES *)
INDEX TO MESSAGES °*)

BOARD *)

(LPLLR,LN,LB,LO4LK,0P,0RsON,0B,0Q,0K,MT)}

(LS,LL,DS,DL) §

(R R2,RI, R RS, RE,R7,ROD ¢
AS..2S3

AT, 273
(EPLERJEN,EB,EQ, EK} T

AV, IV
AM, oINS
AN, 2X3
AY.. 273
REALS

TS *)

SET
SET
SEY
SET
SET

CORDS *)

RECORO

LN 1.

S 1 TS

I v IS

Q@ s SQ3

E INTEGER OF

1 ¢ RBIS1 ARFAY [TS) OF TPy 3

1 ( RBIRFp AKRAY (TR,TF) OF TP}

PACKED ARRAY
ARRAY (7S] OF
PACKED ARRAY

(TA) OF T1C:
TP
(TN) OF TCt

PACKED ARRAY (TJ) OF TC3
PACKED RECORD

C t T8

L1 183

Q1 18;

8 ¢t TB:

X 1 183

i

RECORO

£ INTEGER OF

t (RXTBt SET OF 0,.47)%
t (RKTZ: 1208

(.
t®
e
(e
(e

-
(-
1e
(e
g

g
te

{e
(e
)

(*

-
(s
(*
(-
(.

PIECESt LIGHY PAWN, LIGHT
ROOKy wo» » DARK KING, EMPTY
SQUARE =)

QUAORANTS ®)

RANKS *)

SQUARES *)

SQUARES, AND ANOTHER VALUE °*)
TYPESE PAWN, ROOK: oos o

KING *

EVALUATIONS =)

WOVES INDEX °*)

SOME SQUARES *)

NUMBER Of Tx*S IN A 8CARD *)
FLOATING POINT NUMBERS °)

SET
SEY
SEY
SEY
SET

oF
OoF
QF
of
of

CHARACTERS *)
FILES *)

CASTLING TYPES °*)
RANKS *)

SOME SQUARES *)

BOARDS *)

SIDE TO MOVE *)
ENPASSANY SQUARE *)
MOVE NUMBER *)
CASTLE FLAGS °*)

INDEXEQD BY SQUARE *)
INDEXED BY RAMK ANO FILE )

WOROS OF CHARACTERS *)
BOARD VECTORS *)
HMESSAGES *)

STRINGS *)

SYNTAX DESCRIPTOR FOR
SINGLE SQUARE *)
PIECE *)

/7 %}

X OR Q *)

Rs N, CR B *)

RANK *)

KLUDGE TO FIND NEXT BIT *)

BITS *)
FLOATING POINT NUMBER *)

RM = PACKED RECORD
RHWFR 1 TS
RMTG 1
RMCP 1 TP}
RMCA 3 T8
RNAC 1 T8¢
RMCH t TB3
RMMT ¢ TBS
RMIL 1 TB3
RMSU 1 TB%
CASE RHPR 1 TB OF
FALSES
CASE RMOO 1 T8 OF
FALSEs (RMEP 1 TB) ¢
TRUE 1 (RMQS 1 TB)S
.
3
TRUE ¢ (RMPP 3 TG}
END3
RS = RECORD
CASE INTEGER OF
04 (RSSS3I ARRAY [TY) OF St
11 (RSTIe ARRAY {[Tv) OF TI)
END?
RX = ARRAY {TS) OF RS:
RY = PACKED RECOROD
RYLS t RD3
RYCH © TC:
RYRS t RD®
END:
RE = ARRAY (Tw) OF Ty
RF = ARRAY {TM] OF RM:
VAR
(° DATA BASE *)
BOARD t RB:S
NBORD t ARRAY [TS) OF TP3
ATKFR 3 ARRAY [TS) OF RS3
ATKYO t ARRAY [TS) OF RS:
ALATK t ARRAY (TM} OF RS
TPLOC 1 ARRAY (TP) OF RS}
THMLOC ¢t ARRAY [TM] OF RSS
HOVES 1 ARRAY {TW] OF RMS
VALUE t ARRAY [TW} OF Tv;
ALLOC t ARRAY [TK! OF RS}
BSTHY &t ARRAY [TK) OF Tu:
BSTVL ¢ ARRAY (AKM2..IKP1] OF Tvg:
CSTAY v ARRAY [TK] OF RS?
ENPAS t ARRAY (TK) OF RS}
GENPN 1 ARRAY [TK) OF RS
GENTO 1 ARRAY [TK) OF RS}
GENFR ® ARRAY (TK) OF RS}
MBVAL 1 ARRAY [TK] OF Tv3
MVSEL t ARRAY ([(TK} OF TIS
INDEX 1 ARRAY [AK..ZKP1] OF Tus3
KILLR t ARRAY [TK) OF RM3
LINOX ¢ ARRAY [TK) OF TM:
SRCHH t ARRAY [TK] OF TH3
GOING 3 TI
LSTHY t RH:
MAXPS 1t TV?
WBLTE ¢ TV
MBPMN I ARRAY (TH} OF TI3
MBYOT ¢ TV
NODES 1 TI%
JNTK @ TXy
JATK 3 TXR
JNTH 1 TH?
JNTW 3 Twg
{* LETS *)
FXPSHD 1 TI%
FXSANQ ¥ TI:
FHAXMY 3 TI
FNODEL 1 TI?
FPADCR ¢ ARRAY (TF) OF TI%
FPBLOK ¢ TI
FPCONN 1
FPFLNX ¢ TIS
FROUBL ¢t TIg
FRK?TH 1 TI3
FTRAOE ® TIS
FTRDSL & TI}g
FTIRPOK t TI%
FTRPMN ¢t TIY
FWKING ¢ TI:
FUMAJN 3 T
FWMINM 1 TI
FUPAMN ¢ TI3
FWROOK 1 TI%
WINOOW 1 TIS

(* SWITCHES °*})

SWEC 1 TB:
SWPA t TBS
SHPS 1 T8
SHMRE t TB:
SWSU & TB3
SHIR 3 783
(* COMMAND PROCESSING DATA *)
ICARD 1 RJ:
ILINE 3 RJS
IRTJ x TJy
JNTS 2 TU

(.
=
(.
te
Q)
(®
(®
{e
te

'
te
(e
(e

(®
(e

(e
(e

(s
(»
.
te
'Y
e
>

{e
g
g
(s

(s
(e
(e
g
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MOVES *)

FROM SQUARE °*)

TO SQUARE *)
CAPTURED PIECE *)
CAPTYURE *)
AFFECTS CASTLE STYATUS )
CHECK *})

MATE =)

ILLEGAL *)
SEARCHED ®)
PRONOTION *)

CASTLE *}
ENPASSANT *)
QUEEN SIDE *)

PROMOTION TYPE *)

BIT B0AROS *}

ARRAY OF SETS *)
ARRAY OF INTEGERS °®)

ATTACK NAPS *)

MOVE SYNTAX DESCRIPYOR *)
LEFT SIOE DESCRIPTOR *)
MOVE OR CAPTURE *)

RIGHY SIDE DESCRIPTOR °}

ARRAY OF VALUES °®)
ARRAY OF MOVES *)

THE BOARD *)

LOOK-AHEAD BOARD *)

ATTACKS FRON A SQUARE °)
ATTACKS TO A SQUARE *)
ATTACKS BY EACH COLOR *)
LOCATIONS OF PIECE BY TYPE *)
LOCATIONS OF PIECE BY COLOR *)
HOVES *)

VALUES *)

ALL PIECES *)

BEST MOVE SO FAR *)

VALUE OF BEST MOVE *)

CASTL ING SQUARES *)

ENPASSANT SQUARES *)

PAWN ORIGINATION SQUARES *)
MOVE OESTIMAVION SQUARES *)
MOVE ORIGINATION SQUARES *)
MATERIAL BALANCE VALUES *)
COUNT MOVES SELECTED BY PLY *)
CURRENT MOVE FOR PLY °)
KILLER NOVES BY PLY *}

LAST MOVE FOR PLY *)

SEARCH MODES *)

NURBER OF MOVES Y0 EXECUTE *)
PREVIOUS MOVE *)

NAXINUM POSITIONAL SCORE °)
MATERIAL BALANCE LITE EOGE *)
NUMBER OF PAMNS BY SIDE *)
TOTAL MATERIAL ON NEGORD °©)
NUMBER OF NODES SEARCMED *)

PLY INDEX °*)

ITERATION *)

SIDE TO WMOVE *)

HOVES STACK POINTER °®)

KING PAMN SHIELD CREOIT °®)
KING IN SANCTUARY CREOIT )
MAXINUM MATERIAL SCORE *)

NMODE LIMIT FOR SEARCH *)

PAWN ADVANCE CREDIT 8Y FILE °®)
PAMN BLOCKED PEMALTY °*)

PAWMN CONNECTED CREDIT *)

PANN PHALANX CREDIT °®)

OOQUBLED ROOX CREDIT *)

ROOX ON SEVENTH CREDIT *}
TRADE-DOWN BONUS FACTOR *)
TRADE~DOMN TUNING FACTOR *)
PANM TRADE=-DOWMN RELAXATION *)
PAMN TRADE-DOWN FACTOR *)

KING EVALUATION WEIGNT *}
MAJOR PIECE MOBILITY WEIGHT *)
MINOR PIECE WOBILITY WEIGHT ®)
PANN EVALUATION WEIGHT *)

ROOK EVALUATION WEIGHT *)

SIZE OF ALPHA-BETA WINOOW *)

ECHO INPUT *)

PAGING *)

PRINT PRELIMINARY SCORES *)
REPLY WITH MOVE *)

PRINT STATISTICS SUMMARY ©)
TRACE TREE SEARCHM *)

INPUT CARD IMAGE °*)

CURRENT COMMANG *)

CURRENT INPUT LINE POSITION *)
CURRENT COMMANO PQSITION *)
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Listing 1, continued:

HOVMS ¢ RN3
(® TRANSLATION TABLES *)

XSPB 1 ARRAY (TP) OF 7183
XFPE t ARRAY (TP) OF TE3
XLLD 1t ARRAY (AZL..2AL) OF TD3

XxSSx
xTBC
XTED

ARRAY (7S] OF Sx3
ARRAY ([TB) OF TC3
ARRAY [TE) OF 703

XLPE t ARRAY (TP) OF TE:
XRFS t ARRAY {TF) OF RS
XRRS t ARRAY [TYR) OF RS
XNFS 1 ARRAY [(TF) OF RS?
XNRS ¢ ARRAY (TR} OF RS3
XRSS 1 ARRAY [TS) OF RS
XRQM 3 ARRAY (TQ) OF RAW:
XSQS 1 ARRAY (TQ} OF RS

1

1

1

XTGC 1 ARRAY [TG) OF TC:
XTGMPy ARRAY (TG,TM] OF TP

XTSF
XTSL
XTSR
XTSX

ARRAY (T1S) OF TF?
ARRAY [TS) OF TL3
ARRAY (TS) OF TRj3
ARRAY {YS] QF Txi

XTLS 1 ARRAY ([TL) OF TT3
XTHMA ¢ ARRAY (TM) OF RA}
XTMG t ARRAY (TM) OF Tas
XTHY &t ARRAY (TH) OF TYv3
XTPC 1 ARRAY (TP) OF TC3
XTPM t ARRAY {TP]1 OF TM:
XTPU t ARRAY (TP) QF Tutl
XTPY 1 ARRAY (TP) OF Tvg
XTQA ¢t ARRAY [TQ) OF RAZ
XTQS t ARRAY (T7Q) OF 1S3
XTRFSt ARRAY [TR,TF) OF TS}%

t

t

J

3

XTSY 1 ARRAY (T1S) OF Tvy

XTUC ¢ ARRAY (Tu) OF TC%
XTUNP3 ARRAY [TU,TNM] OF TP

XRQSOT ARRAY (TQ) OF RS}
XRQSAT ARRAY (TQ) OF RS?
EDGE t ARRAY (TE) OF RS3
CORNR1 RS}
NULMVE RN3

OTHERT ARRAY [THM) OF TH:
SYNTX1 ARRAYUSYNCF,.SYNML} OF RY3

FUNCTION MAX(A,83TINTVI

BEGIN
IF A » B THEN
MAX 1= A
ELSE
HAX 1= B3

ENDY  (* MAX *)

FUNCTION MIN(A,B3TI)ITIS

BEGIN
IF A <« B THEN
MIN 3= A
ELSE
HIN 12 B3
END: (* MIN =)

FUNCTION SIGNUA,BITINITIS

BEGIN
SIGN tx TRUNC(B/ABS(B)) * ABS(A)?
ENDY  (* SIGN »)

PROCEDURE SORTIY
{VAR AtRE?

VAR BiRF;

ctTw:
VAR

INTB t yB8%

INTM 1 T}

INTI ¢ ¥Ig

INTV & TV

INRM 1 RM3
BEGIN

FOR INTW t= AMe2 YO C DO

BEGIN

INTI &= INTW - 13
INTV 3= ACINTWIS
INRM 1= BCINTNW);
INTB 1= TRUES
MHILE (INTI > AwW) AND INTB 0O
IF INTY « ACINTI) TMEN
BEGIN
ALINTI®#g) 9= ALINTINS
BUINTI®L) 9= BLINTI};
INTI 1= INTI - 1%
END
ELSE
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te
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g3
te

g3
'l

(e
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(e
(s
(s
-
(s
(*
1e

q.
ts

.
(*
Iy

te

(e
1o
(e
(e
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(s
(e
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HOVE MESSAGE *)

TRUE FOR SWEEF PIECES *)
FIRSYT DIRECTION *)

DIRECTION FOR LARGE BQARD
SQUARE OIFFERENCES *1

LAST OIRECTION *}

BIT BOARD FOR FILES *)

BIT BOARD FOR RANKS *)

COMP BIT BOARD FOR FILES *)
CONP BIT BOARD FOR RANKS °)
BIT 80ARD FOR 8x8 INDEX ®)
MOVES FOR CASTLE TYPES *)

BIT BOGARD FOR CASTLE TYPES *)
SET ELEMENT FOR 8Xa INDEX *)
CHARACTERS FOR GOOLEANS *)
OIRECTION NUMBER TO 10x12
SQUARE DIFFERENMCE *)
CHARACTERS FOR PROMOTION )
PIECE FOR PRONOTION TYPE

AND CCLOR ®)

8x8 INDEX FOR 1Qx12 INOEX *)
WORDS FOR COLCRS *)

CASTLE TYPES FOR SIDE *)
SCORE FACTOR FOR SIDE *)
CHARACTERS FOR PIECES *)
SIDES FOR PIECES *)

TYPE FOR PIECE *)

VALUES OF PIECES *)

MORDS FOR CASTLES *)

TO SQUARES FOR CASTLE TYPES *)
8X8 INDEX FOR RANX AND FILE *)
FILES FOR SQUARES *)

10x12 INOEX FOR 8X8 INDEX ©)
RANKS FOR SQUARES *)

ELEMENT NUMBER FOR B8X2

INDEX *)

ARRAY SUBSCRIPT INTO BIT BOARD
FOR 8x8 INDEX %)

CHARACTER FOR TYPE @)

PIECE FOR YYPE AND SIOE *)

UNOCCUPIED SQUARES FOR
CASTLING =)
UNATTACKED SQUARES FOR
CASTLING *)

EDGES IN VARICUS ODIRECTIONS *)
KING SANCTUARY °*)

NULL MOVE *}

OTHER COLOR *}

HMOVE SYNYAX TABLE °*)

LARGER OF TWO MUMBERS *}

SMALLER OF TWO NUMBERS *)

SIGN CF 8 APPLIED TO
ABSOLUTE VALUE OF A *)

SORT PRELIMINARY SCORES *)
ARRAY QOF SCORES *)

ARRAY OF MOVES *)

NUMBER OF ENTRIES °*)

LOOP EXIT FLAG *)
OUTER LOOP INDEX *)
INNER LOOP INDEX *)
HOLD SCORE *)

HOLD MOVE *}

INTB t= FALSES
ALINTI®2} 3= INTVS
BCINTI®1]) 1= INFM;

ENDS
ENDY  (® SORTIY &)

PROCEDURE ANORS

(VAR CIRS;S
A, BIRS);

VAR
INTY ¢ TYys

BEGIN
FOR INTY 3= AY TO ZY 0O

(e
(e

ExXIT &)

INTERSECTION OF TWO BIT
BOARDS °*)

RESULT *)

OPERANDS *)

BIT BOARD WORD INDEX *)

C.RSSSIINTY] t= A,RSSSCINTY) ®* 8,RSSSIINTY)S

ENDS (® ANDRS *)

PROCEDURE CLRRS

(VAR CIRS3
A1TS)HS

BEGIN

C.RSSS{XTSY[A)]) 3= C.RSSSIXNTSY{A]) -

ENDT  (® CLRRS *)

PROCEQURE CPYRS
{VAR CiRS;3
AIRS)S

VAR
INTY 1 TV

BEGIN
FOR INTY 1z AY TO IV DO

C.RSSSIINTY) t= A.RSSSIINTY}S

ENDY (®* CPYRS *)

PROCEDURE IORRS
{VAR C1tRS;

A, BIRS);
VAR

INTY ¢ Ty
BEGIN

FOR INTY 1=z AY TO ZY DO

C.RSSSIINTY} 1= A,RSSSUINTY}

ENDS  (* IORRS *)

PROCEDURE NEWRS
(VAR AIRS)3

VAR
INTY ¢ TYS

BEGIN
FOR INTY 1= AY 10 2¥ DO
AL RSSSIINTY} t= ()3
END3 (®* NEWRS %)

PROCEDURE NOTRS
(VAR CIRSS
AIRS) S

VAR
INTY ¢ TY

BEGIN
FOR INTY 3= AY YO ZY 00

C.ASSSUINTY) =z [AX..ZX)~A RSSSIINTY)S

END?  (* NOTRS *)

FUNCTION NXTTS
(VAR AIRS?

VAR B37S

yaTas

LABEL
113

VAR
INTX 1 T3
INTY 3 TY3
X t RK?

BEGIN
FOR INTY 1= 7Y DOWNTD AY DO
IF A.RSTI{INTY) «> 0 THEN
BEGIN

(ess BEGIN COC 6000 DEPEMDANT CODE *)
(*** FOLLOWING CODE REQUIRES THE
(%s+ THE EXPONENT FROM A FLOATING POINT NUMBER.

te
(*

REMOVE SQUARE FROM BIY
B0ARD *)

817 BOARD *)

SQUARE TO REMOVE *}

XSSX(ALS

(®* COPY QF A BIT BOARD *)
{* RESULTY *)

{* OPERAND *)

{* BIT BOARD WORD INDEX *)

(®

(.
g

(e
(s

(e
(.

(s
(»
e

UNIOM OF TWO BIT BOAROS *)
RESULT *)
OPERANDS *)

B8IT BOARDO WORO INDEX *)

+ B.RSSSUINTYIS

CLEAR BIT BOARD *)
BIT BOARD TO CLEAR *)

81T BOARD WORD INDEX *)

COMPLEMENTY OF A BIT BOARD *)
RESULT *)
OPERAND *)

8IT BOARD WORO INOEX *)

MEXT ELEMENT IN BIT BOARD *)
BIT BOARD YO LOCATE FIRSTY
SQUARE, AND THEN REHOVE °)
SQUARE NUMBER OF FIRST SQUARE
IN 81T BOARD *)

TRUE [FF ANY SQUARES WERE SET
INITIALLY *)

RETURN *)

BIT B0ARO BIT INDEX *)
BIT BOARD WORD IMDEX *)
KLUOGE WORD *)

LOOP THRU BIT BOARD WORDS *)

FUNCTION TO RETURN

IT ALSO ASSUMES

te%® THAT FLOATING FOINT NURBERS HAVE 8 BIT COEFFICIENTS RIGHT-

{
(®s* A WORD. *)

te X RKTZ t= AJRSTI(INTY]
{° 8 1= EXPO{X.RKTZ) ¢ INTY ¢
*

.

(Ixe1d s

g

® JUSTIFIED IN A WORD, AND YHAT SETS ARE RIGHT-JUSTIFIED IN

FLOAT WORD *)

CONYERT TO SQUARE NUMBER <)






Listing 1, continued:

te XLRKTB 33 X.RKTE - (&7)3

- ALRSTILINTY] 1= TRUNCIEX,RKTZ)?
(1] NXTTS 3= TRUE:

ts GOTO 113

(®®** END COC 6000 DEPENDANT CODE *)

(®*s BEGIN MACHINE INDEPENDENT CODE *)
FOR INTX $= Zx DOWNTO AX DO

IF INTX IN A.RSSSUINTY) THEN
BEGIN
B tx INTXeINTY®(2X¢1)3
ALRSSSTINTY] 1= A RSSSCINTY) -

NXTTS 1= TRUE:
GOTo 113
03

{®®® ENMD MACHIME INDEPENDENT CODE *)

ENO?
NXTTS 1z FALSE;
118 (® RETURN *)
ENDT (* NXTTS =)

FUNCTION CNTRS
(AIRS) TS

VAR
INTY
INTS
INRS
Ints

TYS
TSy
RS3
TS3

BEGIN
INTS 8= 0%

{*%* BEGIN MACMINE INDEPENDENT CODE =)

CPYRSIIMRS A1

WHILE NXTTSUIMRS,IMTS) 00

INTS 3= INTSeis

{e®** ENO MACHINE INDEPENDENT CODE *}
tes> BEGIN COC 6L00 DEPENDENT CODE *)
¢ FOLLOWING CODE REQUIRES THE °CARD®
{®®s COUNT THE MEMBERS IN A SET., *)
{*FOR INTY 1= AY TO 2Y DO
{® INTS $= INTS » CARDIA.RSSSLINTY]IS
(®®* END COC DEPENDENT COOE *)

CNTRS t= INTS?
END: (® CNTRS *)

PROCEDURE SETRS

(VAR CIRS§
ALTSHS

BEGIN
C.RSSSIXTSYIA)
ENDT (® SETRS *)

8= C.RSSSIXTSY[A)} ¢

PROCEOURE SFTRS
(VAR AIRS}
BIRS?
CeTE},

VAR
INRS
INTS
INTY ¢t

RS}
TS
TYS

BEGIN

{**+ BEGIN MACHINE INOCEPEMDENT CODE *}
NEMRS (A)
MHILE NXTTS(B8,INTS) 0O
IF XTLSIXTSUIINTS)eXTEQ(ICIY » 0 THE
SETRS{ALXTLSIXTSLIINTS)exTEDI(CID)
END MACHINE INDEPENDENT CODE *)
BEGIN CDC 6000 OEPENDENT CODE *)

e
Y3
-
(e

REMOVE MOST SIGNIFICAMNT BIT =)
INTEGERIZE *)

RETURN A BIT SET »)

RETURN *)

LOOP THROUGH BITS IN WORQ QF
SET =)

{®* RETURN SQUARE NUMBER *)
LINTX)S

1* REMOVE BIY FROM WORD *)
{® RETURN A BIT SET =)

(® RETURN *)

ELSE RETURN NC BITS SET *})

COUNT MEMBERS OF A BIT
BOARD *)
BIT BOARD YO COUNT *)

{* BIT BOARD WORD INDEX *)
TEMPORARY *)

SCRATCH =)

SCRATCH *)

COUNT SQUARES *)

FUNCTION TO

RETURN SUNW °*}

(* INSERT SQUARE INTO BIY
BOARD *)
BIT B0ARD °*}

SQUARE TO INSERT *)

XSSX(AlS

{® SHIFT BIT BOARD °®)

(* RESULT =)

{® SOURCE *)

t* DIRECTION ®*)

t* SCRATCH *)

(* SCRATCH *)

t* BIT BOARD WORD INDEX *)
(* CLEAR NEW BIT 8OARD *)
N

{* SHIF] EACH BIT *}

FOLLOWING CODE ASSUMES THAT MULTIPLICATION OR DIVISION
BY A CONSTANT POWER OF 2 IS OONE WITH A SHIFY INSTRUCTION.

{SCASE C OF

(*S13  BEGIN

[ FOR INTY 1z AY TO ZY 00O {® SHIFY ONE PLACE *)
(R4 BEGIN

[Rd B.RSSSIINTY) 313 B.RSSSLINTY) « EDGEC(SL1).RSSSUINTYI}
L A.RSTIUINTY] 8= B.RSTICINTY) OIV 2%

[ END}

te ENOD3

(*S21  BEGIN

(R FOR INTY gz AY YO ZY 0O (* SHIFT WORDS *)

te BEGIN

(K4 B.RSSSCINTY) t= B.RSSSIINTY]) ~ EDGE(S2).RSSSCINTYIS
te INRS ,RSSSTINTY) 1u B.RSSSUINTY) ® (ZX=7..2X)%

e ALRSSSTINTY] 2z B.RSSSOUINTY) = (ZX-7..ZX13

(R4 ALRSTITINTY) 3 ALRSTI(CINTY] & 256

te END

te FOR INTY 3= AYsi TO 2Y DO (* CARRY BETWEEN MORDS *)
te ARSTICINTY) = ALRSTICINTY) ¢ INRS.RSTILINTY-1] DIV PZx&3
L END?

(*S31  BEGIN

te FOR INTY 1=z AY TO ZY 0O t* SHIFT ONE PLACE *)
[Rd BEGIN

[ A RSSSUINTY) 8= B.RSSSUINTY) - EODGE(SI).RSSS{INTY)S
(R4 A.RSTITINTY1 1= ALRSTILINTY] ® 23

te ENDS
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SHIFT WORDS *)

EDGE{S&).RSSSIINTYIS

1z B.RSSSIINTY) * (AX,,AX+7}3

DIV 2561

{® CARRY BETWEEN WORDS °®)

¢ INRS,RSTICINTY+1} * PZX8?

i

(®
(e
(*

te
(s

te
'
(*

SQUARE IN BIT BOARD BOOLEAN *)

81T BOARD *)

SQUARE IN QUESTION *)

NULL BIT BOARD *)

8IT BOARD TO CHECK *)
TRUE IF BIT BOARD EMPTY =)

BIT BOARD WORD INDEX *)

TEMPORARY VALUE *)

NULL MOVE BOOLEAN *)
MOVE TO TEST *)
TRUE IF NULL MOVE °)

e ENO}
(*Set  BEGIN
(R4 FOR INTY 1= AY TO Y DO
(R4 BEGIN
[Rd B.RSSSIINTY] 3= B,RSSS[INTY)
(8 INRS.RSSS[INTY)
(e A.RSTICINTY) 3= B.RSTI(INTY)
(R4 ENDS
i FOR INTY 3= AY T0O ZY-1 D2
(B4 ALRSTILINTY) 13 A RSTICINTY)
te END?
(®B1s BEGIN
(e SFTRSUINRS,B,51) ¢
te SFTRS (A, INRS,S2) ¢
(R4 END3
(*a21 BEGIN
[ R4 SFTRSUINRS,B,52)
(g SFTRS(A,INRS,S3)
[Rd END}
(*831  BEGIN
[Rd SFTRSUINRS,B,53)
(R4 SFTRStA, INRS,S&i} ¢
(R4 ENDS
1°Bey  BEGIN
e SFTRS(INRS,B,Sk) 3
[ SFTRS(A, INRS.,S1)
[Rd END}
{*N11 BEGIN
(R4 SFTRSCINRS,.B,81) 1%
(84 SFTRS (A, INRS,S213
[Rd ENOS
t*N23  BEGIN
(R4 SFTRS(INRS,B8,82)
[Rd SFTRS{A, INRS,52) %
[ END3
{*N3:  BEGIN
(e SFTRS(INRS,8,82)%
(R4 SFTRS{A,INRS,S53) 3
(R4 END3
(*N&y BEGIN
1 SFTRS(INRS,B,03) ¢
(R4 SFTRS{A, INRS,S3) 3
[ END3
(*NSy  BEGIN
(R4 SFTRS({INRS,8,83) %
e SFTRS{A,INRS,S6} 3
(g END3
(N6t BEGIN
[Rd SFTRS{INRS,8,84) 3
(R SFTRS (A, INRSS4) §
e END?
(*N78 BEGIN
(R4 SFTRS{INRS,.B.B&);
(R4 SFTRS(A, INRS,S1) %
(R4 END3
(*N8s BEGIN
[ 24 SFTRS{INRS,B,81):
te SFTRS{A, INRS,S1)3
(4 END}
{°ENDS
(®ss END COC 6800 DEPENDENT CODE *1)
ENDS (* SFTRS *)
FUNCTION INRSTB
CAIRSS
BrYS)IaTB:
BEGIN
IMRST8 t= XSSX[B) <= A, RSSSI{XTSY([(B))S
END? (® INRSTH °)
FUNCTION NULRS
(AIRSY
17183
VAR
INTY 0 TV
INTS 3 TB3
BEGIN
INTB 3z TRUE:
FOR IMTY ¥z AY YO 2Y DO
INTB ez INTB AND (ARSTICINTY) = Q)
NULRS 1= INTB:
END? (® NULRS °*)
FUNCTION NULMYB
{A3RN)
1783
BEGIN
MITH A 0O
NULMYB 3= RMAC AND RMPR AND (NOT RMCA}3
ENOI (® NULMVB *)

PROCEDURE INICON:

VAR
INTO
INTE
INTF
INTI
INTL
INTQ
INTR
INTY
INTX
INTY
IntL
INRS

. T0%
v TES
¢ TF3
. TIs
1L
s TQg
1 TR3
LI A 5
e TX3
s Ty:
L &
s RS;

INITIALIZE GLOBAL CONSTANTS ©)

OIRECTION INDEX *)
DIRECTION *)

FILE INDEX *)
SCRATCH =)

LARGE BOARD INDEX *)
CASTLE TYPE INDEX °*)
RAMK INOEX *)

SQUARE INDEX *)

SET ELEMENT INDEX ®)
BIT BOARD WORD INDEX
SCRATCH *)

SCRATCH *)
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Listing 1, continued:

PROCEDURE INISYN ts
(AIRA) (e

BEGIN
MITH SYNTX[INTI) DO
BEGIN
MITH RYLS DO
BEGIN
ROPL 1=
RDSL 8=
ROXQ 1=
RONB 3=
QORK 1=
ENDS
RYCH tx ACAA®L);
MITH RYRS DO

TRUE}

ALAASD]} <>
AfAA¢l) o
ALAAS2) <>
A{AA+3) <>

1
[
- 28 e o0

BEGIN
ROPC ALARGS) «» ™ 73
RDSL A(AASE) <> = =
ROXQ 1= A[AAST) «> = 3
RONB tz Al{AAe8) <> = =%
RDRK 1= A[AA+9) «> = 7%
ENOS
END3
INTI t= INTIe1:d
ENODS {®* INISYN *)

PROCEDURE INIXTP [Rd
A 1 TP} te
B 1 TCs (e
Ct Tms (84
0t TUS (R4
€ 1 TBg (84
F 1 TES (R4
Gt TE (e
LI £'2 K1 (24

BEGIN

XTPCLA) 1= B3
XTPMLA) 33 C3
XSPBLA) = E3
XFPE[LA) 33 F3
XLPELA) t3 63
XTPUTA] 1= D3
XTPVIA) 1z M
IF A «> MT THEN
XTUMPLD.C} t=" A3

END; (* INIXTP *)

BEGIN (* INICON *)

(** INITIALIZE PIECE CHARACTERISYVICS *)

INIXTPILP,"A™ LITEJEP,FALSE81,B2,1%64)3
ININTP (LR, "B",LITE,ER,TRUE ,51,54+5%64)}
INIXTPELNG™C™ L ITELEN,FALSE/NL1,NB,3%64)3
INIXTPILB, "D~ LITE,EB,TRUE ,B1,84,3°64);
INIXTP(LO,"E"LITELEQ,TRUE ,B81,54,93%64)3
INIXTPULK "F™ JLITEJEN,FALSE,BL1454,003%

INIXTP(OP, =17 JDARK EP,FALSE 83,84,-1%64)
INIXTP(DR,™2" ,DARK,ER,TRUE 4514S4s-5%64)
INIXTPI(DN, 3" DARK,ENsFALSE,N1,N8,~3%64
INIXTPIDB, 4" ,DARK,EB4TRUE +814Blby=-3%64}
INIXTP(DQ, 5" yOARK,EQTRUE +B1,Sky=9%64)
INIXTPCOK, "6~ DARK,EX,FALSE,BL,S4,00

INIXTP (KT, "~" JNONE EP,FALSE,B2,B81,0}%

XTGMPLPQ,LITE) 1= LN XTGMP{®Q,DARK]
XTGMP{PR,LITE) 1= LR; XTGMP(PR,DARK]
XTGHPIPN,LITE) 1= LN; XTGMP(ON,DARK]
XTGMP(PB,LITE) t= LB: XTGMP{PB,0ARK]) 1=

XTUCTEK) t= “Kx*3
XTUCLEQ) t= =O~%
XTUCTER] 1= “R™:
XTUCLEN] 1= "N*3
XTUC(EB) 1= "B™3
XTUCIEP) t= “P=3

{®* INITIALIZE OTHER CONSTANTS °*)

XTBC{FALSE) 1=
) =

XTBCUTRUE L]

OTHER{LITE) t= DARK; XTMVILITE) 1z 1}
OTHER{DARK] 1= LITES XTMVIODARK]) 1= -13
OVTHER{NONE) &= NONES

XTMALLITE) = = MHITE *3

XTHALDARK]) 1=z = BLACK =3}

XTMAINONE]) 1x = NO ONE "%

XTQAILS) o= “WHITE KIMG"}
XTQACLL) 1= “WMITE LONG™3
XTQA(DS) s= “BLACK KING™3
XTQALOL) 1= =BLACK LONG™?

INITIALIZE MOVE SYNTAX
TABLE ENTRY *)
MOVE SYNTAX *)

INITIALIZE PIECE TRANSLATION
TABLES *)

PIECE TO BE TRANSLATED *)
DISPLAY EQUIVALENT *)

COLOR OF PIECE *)

TYPE QF PIECE *)

TRUE IF SMEEP PIECE °*)

FIRST OIRECTION OF MOVEMENT *)
LAST DIRECTION OF MOVEMENT *)
VALUE OF PIECE *)

H
H
3
]

0Q3 XTGCIPQ)} 1= ~Q= 3%
ORI XTGCIPR]) t= "R™%
DN; XTGCIPN) = “N™3

D83 xTGC(PB]} t=

(** INITIALIZE 10X12 TO 8X8 AND 8X8 VO 10X12 TRAMSLATION TABLES *)

FOR INTL s= AL FO 2L DO (e
XTLSUINTL) 12 -313 e

INTL 3= 213 s
INTY = =13 (R4
FOR INTR 1z R1 TO R& DO (R4
BEGIN

FOR INTF 1z F1 TO F8 DO {*
BEGIN
INTT 1= INTTe1: (R4
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LOOP THROUGH LARGE BOARD *)
PRESET ARRAY TO OFF BOARD *)

INDEX OF FIRST SQUARE ON LARGE
BOARD *}

INDEX OF FIRST SQUARE ON SHALL
BOARD *)

LOOP THROUGH RANKS *)

LOOP THROUGH FILES *)

ADVANCE SMALL BOARD INOEX *)

XTRFS{INTR,INTF) 1= INTT; {® SET MATRIX TO VECTOR
TRANSLATION ®)
XTLSTINTL) 1= INTTS t* SET LARGE BOARD TRANSLATION
TABLE WITH SMALL BOARD
INDEX *)
XTSLEINTTY 1= INTL® t* SET SHMALL BOARD TRANSLATION
TABLE WITH LARGE BOARD
INDEX *)
XTSRUINTT) t= INTR: t* SET RANK OF SQUARE *)
XTSFCINTT) 5= INTFg (® SEY FILE OF SQUARE *)
INTL t=z INTLe1: (® ADVANCE LARGE BOARD INDEX ®)
ENDS
INTL o= INTLe2: {® ADVANCE LARGE BOARD INOEX YO
SKIP BORDER *)

ENDS
(** INITIALIZE BX8 TO BIT BOARD TABLES *)

INTT gx =13

FOR INTY 3z AY TO 2Y 0O
BEGIN
FOR INTX 1= AX TO ZIX DO
BEGIN
INTT = INTTe1
XTSXIINTT] = INTX:
XTSYCINTTLD 2= INTYS

XSSXIINTT) a3 (INTX)3
NEWRS [XRSSTINTT ) ¢
XRSSIINTT).RSSSLINTY)
END3
END:

1= (INTXDS

t®e INITIALIZE CONSTANY BIT BOARDS *)

FOR IMTR 1= RL{ TO RS 00
NEWRS {XRRSTINTR])

FOR INTF t= F1 T0 F8 DO
NEWRS {XRFSUINTF 1) 3

FOR INTR 1= Ri TO RS DO
FOR INTF t= Fi YO F8 00
BEGIN
SETRS(XRRS{ INTR) , XTRFSTINTR, INTF) )3
SETRS{XRFS{INTF ), XTRFS[INTR, INTF]) ¢
END;

FOR INTF 3= F1 Y0 F8 0O
NOTRS{XNFSTINTF ), XRFS{LINTF)) 3

FOR INTR 1= R1 YO R8 00
NOTRSIXNRS[INTR), XRRS{INTR} )}

{** INITIALIZE EDGES *)

CPYRS(EDGEIS1), XRFS{F11) 3

CPYRSIEOGE(S2), XRRS{RE)) 3

CPYRS(EOGE(S3 ), XRFS{F81)3

CPYRSUEDGE[SH], XRRS{R1Y} 3

IORRS (EDGE(BL),EOGEISL) . EDGE(SR})
IORRS(EDGE[B2),EDGE(S2),EDGE[S3))
JORRS(EDGE(BI )L EDGEISI)LEDGEISH))
IORRS (EDGE(B&),EDGE(S4],EDGEISL))
IORRS(EDGE(N21,EDGE(BL), XRRSIR? 1) 3
IORRS(EDGEIN2},EDGEID2), XRRS(R7)}3
JORRS{EDGE[N3I 1, EDGE[B2)«XRFS[F7))}
IORRS(EDGEIN& ), EOGEIB3I), XRFS(F7))3
IORRS (EOGEINS1,EDGEIBI)+ XRRSIR2])}
IORRS{EDGE(NG ), EOGEIBG], XRRS[R2)) 3
IORRSUEDGEINT ) EDGE(B&], XRFSIF2) )3
IORRS{EDGE (N8 ). EDGEIRL ) XRFS(F2)1 3

B
3
3

(** INITIALIZE CORNER MASK *)

IORRS{INRS,XRRSI{R11,XRRSIR21) 3
JORRS{INRS,INRS . XRRSIRT))
IORRS {INRS, INRS, XRRS[R8)) }
JORRS{CORNR, XRFSI[F1),XRFS(F2)) 3
TORRS (CORNR,CORNR, XRFS[F71) 3
IORRS (CORNR,CORNR, XRFSI(FB1) 3
ANDRS {CORNR, CORNR, INRS) 3

(=® INITIALIZE DIRECTION TABLE *)

XTEG{NL 1=
83XTEDIBL)

193 XTEDIN2)t=
9IATEDIS2)t= 10:XTEDIB2)t=
XTEDLS1) =13 XTED(S3)a=
XTEOIN7 1 t==123XTED(BG] 113ATEDISH)t==-103XTEDIBIYL=
XTEDI[NE)1=-213%

XTEQUIN8 }1=

{®* INITIALIZE SQUARE DIFFERENCE TO OIRECTION TABLE

FOR INTI 1= AZL TO ZAL DO
XLLDUINTI) 1= 03

FOR INTE 1= Bif TO S& DD

BEGIN
INTD t= XTEDCINTED:
FOR IMTI 2= 1 YO 7 DO

XLLO[{IMTI®INTO]) ¢=

END

FOR INTE 1= N1 TO N8 00
XLLOCXTEO{INTE)) 3= XTED{INTE);

INTD:

(®® INITIALIZE CASTLING TRANSLATION TABLES *)

213

L1IXTEDIN3Y1= 123
13

~9IXTEDI N1 = =83

XTEDINS)2=-19%

TORRS (XSQASILS), XRSSIXTRFSIRL,FA) ), XRSSIXTRFSIRLFSIII3
TORRS {XSQSILL), XRSSIXTRFS{R1,F1) ], XRSS{ATRFS(RL,F5)))3
JORRS (XSQS(DS), XRSSIXTRFSIRE,FB1 ) XRSSINTRFSIRSFS51INE
IORRS (XSQSI{OL Y, XRSSIXTRFSIRE,F1) ) XRSSIXTRFS(RB,FS)IIIE

IORRS (XRQASOILS) o XRSS{XTRFSIRLF61) s XRSSIXTRFS{R1,F71I)3
IORRS (XRQASOILL) s XRSSIXTRFSIRL+F& 1), XRSSIXTRFSIRS,F3)11)3

JORRS (XRQSA[LS) s XRSS{XTRFS[RL,F5)])XRQASOILS]) }
IORRS (XRQASAILL) , XRSSIXTRFSIRL,F5)1,XRASOILL)}
IORRS {XRQASOILL} , XRSS{XTRFSIRL,F21),XRASO(LL) IS

T0RRS (XRASOTDS) s XRSSIXTRFSIREFE1] 4 XRSSIXTRFSIRE,F7I})S
IORRS (XRQASO(DL) s XRSS{ XTRFSIRS,Fb]) s XRSSIXTRFS(RE,F3I1 2
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more than once if the user wishes to play
more than one game.

During the development of the program,
it is necessary to determine whether the
individual procedures are functioning prop-
erly. To do this, it is helpful to have a few
primitive print routines which can provide
information about the internal workings in
a form which is understandable to the pro-
grammer. These same routines are also called
by the main input/output (lO) routine
(READER) which appears later in the
program.

Onc of these routines (PRIMOV) prints
an internal representation of the machine’s
move. Another prints an 8 by 8 array
representing  the board (PRINTB). This
consists of numbers for Black's picces
{Black pawn = 1; Black King = 6) and lctters
for White's picces (White pawn = A; White
King = F) with empty squares represented
by a . The PRINBB routine prints an
8 by 8 array representing a bit board. In
this casc an asterisk (*) stands for a square
where a bit is set and a minus sign ( )
stands for a square where a bit has not
been set. An attack map is printed by
PRINAM and this consists of 64 (one for
cach square) 8 by 8 bit maps in which an
* stands for a bit which is set and «  stands
for a clear bit.

Other uscful print routines include one
which permits a user controlled pause during
printing (PAUSER) and one which informs
the programmer of the status of particular
control switches (PRISWI). Because of
Pascal's serial requirement (ic: every proce-
dure must be defined before it can be called
by another procedure), these routines appear
carly in the program so that they can be
used to test the procedures and functions
which follow.

In part 1 we mentioned incremental up-
dating as an important feature of an effi-
cient chess program. It is neccessary to
apply an evaluation function to the terminal
nodes of the look-ahead tree. These evalua-
tions, if they are at all sophisticated, require
a substantial amount of detailed information
about the position. Although it is possible
to calculate this information separately for
each evaluation, this is not a very cfficient
procedure, because adjacent nodes are
almost identical. Most of the information
which would be calculated each time would
be redundant. A more cfficient alternative
is to ‘‘update’’ and ‘‘'downdate’’ the relevant
data base incrementally as the program
moves about in the look-ahead tree. This
capability requires quite a bit of special
programming.

Several primitive routines are very useful
for this. If the move involves a capture, it

Circle 82 on inquiry card.

NO FRILLS! NO GIMMICKS! JUST GREAT

DISCOUNTS
MAIL ORDER ONLY

HAZELTINE DIGITAL SYSTEMS
1400 ... ... ... .. $ 699.00 Computer ... ... ...$4345.00
1500 P 99500 Doub]e Densjty
Mod 1 ... ..... ..., 1495.00 DualDrive . .. ... .. 2433.00
CENTRONICS IMSAI
e 895.00 | yppgo/1000 ... .. $5895.00
779 tractor .. ... .. .. 950.00 VDP4O .. ... .. ... 3895.00
700 tractor . ... .. .. 1095.00 VDP42 .. . ... ... 3985.00
761 KSR tractor . . . .. 1595.00 vOP44 . . .. . 4250.00
703 tractor .. ... .. .. 2195.00 16K Memory assem.. . 399.00
NORTHSTAR PCS80/15 ...... .. 679.00
Horizon | assembled . . 1629.00 15% off on all other
. kit ... . 1339.00 IMSAI products
Horizon Il assembled. . 1999.00
Kit ... 1599.00 | CROMEMCO
Disk System .. .. .... 589.00 System |1l $1000 off .. 4990.00
TELETYPE 10% off on all other
Mod 43 . . .. ... 1095.00 Cromemco products
IMS ADDS
16K Static Memory. . . 350.00 Regent100 ... . .. . 1095.00

Most items in stock for immediate delivery. Factory-fresh, sealed cartons.
DATA DISCOUNT CENTER ro.80x100
135-53 Northem Bivd,, Flushing, New York 11354, 212/465-6609

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y.
BankAmericard, Master Charge add 3%. COD orders require 25% deposit.

al Broadcasting presents the

SMART BUG
A Cure For Mikbugitus

1024 byte monitor program for use with
MOTOROLA 6800 microprocessor

® The only monitor really MIKBUG compatible.

® Designed to replace the MIKBUG ROM used in many
systems including the SWTPCo’s 6800 microcomputer.

® TRACE feature allows user to single step through a
program, examining the registers if desired.

® MIKBUG entry locations maintained, including most
relatively obscure ones.

® Quick program debugging when the TRACE is used
with BREAKPOINT.

Instruction Manual and Complete Source Listing....$19.50

SMARTBUG on 2708 including listing ....... $39.95

SMARTBUG on 2716 including listing ....... $49.95

FWe're the "CHIEF” in 6800 products software

SMGKE SIGNAL BROADCASTING

’/

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

Circle 320 on inquiry card.
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Listing 1, continued:

JORRS (XRQSA(DS)+XRSS(XTRFS[R,F51),XRQASO(0OS])}
JORRS {XRQSAIDL] s XRSSIXTRFSIRA,F5)),XRQSOIOLD) S
IORRS {XRQSO(OL )+ XRSS{XTRFS[RS,F2)},XRQASO{OL))

FOR INTQ 3= LS TO DL DO
MITH XRQM{INTQ) DO
BEGIN

RANCP 1= NT3

RMCA t= FALSE;

RMAC 1= TRUES

RMCH = FALSES

RMMT 1= FALSES

RMIL t= FALSE?

RMSU 1= FALSE
RMPR 1= FALSES
RMOO t= TRUES

ENDS

XRAMILS).RMFR t= XTRFS{R1,F5)%
XRQM(LLI.RMFR 1= XTRFS[R1,F5)3
XRQM{DS ). RMFR 1= XTRFS{R8,FS5I3
XRQMIOL ). RMFR 1= XTRFSIRS,FS):

XRQMILSI.RMQS 13 FALSE?
XROM(LL).RMQS ¢= TRUE?S
XRQM(OS1.RMQS 1= FALSE:
XRAMIOL }.RMQS t= TRUE?

XTHQ{LITEY ¢= LS}
XTMQIDARK} t= DS}

XTQSC(LS) o= XTRFS(R1,F8)¢
XTQSLLL) 12 XTRFS(R1,FL)3
XTQSIDS) t= XTRFS(RA,.FB)?
XTQS(OL) t= XTRFS{RO,FL);

(** INITIALIZE NULL MQVE *)

MITH NULMY DO

BEGIN
RMFR 1= AS3
RMTC 1= AS:
RMCP = nT3
RMCA 1 FALSES
RMAC 1= TRUES
RMCH = FALSE:
RMMT 1= FALSES
RMIL 83 FALSES
RMSU t= FALSES
RNPR 1= TRUE}
RMPP = P8BS

ENDS

XROAMILSI.RNHTO
XRQMILLI.RMTO
XRQMIDS).RHTO
XRQMEIOL).RHTO

(** INITIALIZE COMMAND PROCESSING VARIABLES *)

FLISEEE RN N
ICARDUZJ) 3= =3
ILINECZS) 3= =%

(** INITIALIZE MOVES SYNTAX TABLE °)

INTI 12 SYNCF

INISYNC(™ P ~
INISYN(™ P/ 1"7)
INISYNE™/  1°P i}
INISYM(® P/ R ™
INISYN(™/ R *P =)
INISYNC™ P/ RL™)
INISYN(=/ R1°P l}
INISYNC® *P/KR )
INISYN("/KR *P =)
INISYN(™ *P/XKRLT)
INISYN("/KRL®P "

INISYN(=/ 3°P/ 3171
INISYN(™/ R *P/ R ™)
INISYNU=/7 1*P/ R =)
INISYN(™/ R *P/ 1"}
INISYNI™/ R1°P/ 1)
INISYNL™/ 1°P/ R1™)
INISYN{=/ R1°P/ R ™)
INISYNI=/ R *P/ R1™}
INISYNI™/KR *P/ 1™)
INISYNL™/ 1°P/KR ™)
INISYN{=/KR *P/ R ™}
INISYN(™/ R *P/XR ™)
INISYNI™/ 1%P/KR1™)
INISYN{T/KRiI®P/ 17)
INISYN{™ R ®P/KR1™)
INISYNI=/XR1*P/ R *)
INISYNI™/ R1°P/ R1™)
IRISYNI=/XR *P/ R1™)
INISYN(™/ R1*P/KkR ™)
INISYNI=/KR ®P/XR *)
INISYNI™/KR1®P/ R1"™}
INISYN(™/ R1°P/KRL™}
INISYN("/KR1%P/KR =)
INISYN{=/XR *P/KR1"}
INISYN{™/KR1®P/KR1"}

INISYN(™ - R1*}
INISYN(™ - KR1™)
INISYN(™/ 1~ R1™)
INISYN(™/ R - R1™Y
INISYN(™/ 1= KR1™)
INISYN{™/ R - KR1%)
INISYN(™/ R1- R1™)
INISYN{™/KR = R1™)
INISYN(™/ Rt= KR1™)
INISYNU™/KR - KR1®)
INISYN{"/KRi~ KR1%)

{*® INITIALIZE LETS ®)

FXPSHD 1= 103
FKSANG t= 1503
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XTRFS(RLF7)3
XTRFS(R1,F31}
XTRFSIRE,F7]:
XTRFSIRE,FI)2

FMAXNT 1= 256%
FMODEL 1= 103
FPADCRIF1]) 1=
FPADCRIF2) t=
FPADCR(F3) 1=
FPAOCRI(FA] 3=
FPADCRIFS) 1=
FPADCR(F6) 1=z
FPADCRIF?] 1=
FPADCRLFB) 1=
FPBLOK 1= 203
FPCONN 1z 5%
FPFLNX = 123
FROUBL = 60
FRKTTH 1= 120%
FTRADE 1= 36%
FTROSL 3= 51563
FTIRPOK 1= 23
FIRPUN 1= 8%
FUKING 1= 503
FUMAJUM 13 13
FuUMINM v= 2003
FUPANN =z 120
FHROOK t= 2%t
MINDOM 1= 30:

cConmmnoo
o st e WD we o0 wo
PP

(e INITIALIZE SWITCHES *)

SWEC = TRUES
SWPA 1= TRUES
SWPS 13 FALSES
SMRE ¢tz TRUE:
SHSU 1= FALSE:
SHMTR 8= FALSE:

{** INITIALIZE MAIN LOOP CONTROL VARIABLES *)

GOING t= D3

END:  (* INICON *)

PROCEOURE INITALUVAR AgRB);

VAR
INTF 4 TF;
INTR 1 TR:

BEGIN
WITH A DO
BEGIN
RBTM 1= LITE:
RBTS = -t3%
RBTI 1= 03
RBSQ 1= {LS,LL.DS.OL})S
FOR INTF 1z F1 TO F8 0O
BEGIN
RBIRF(RZ4 INTF) 3= LP}
FOR INTR t= R3 TO R6 00
RBIRFLINTR,INTF] t= NT3
RBIRF{R?,INTF) 3= OP;
END?
RBIRFIRL1,F1] 1= LR?

RBIRFIRL,F2) 3=z
RBIRF{R1,F3) =
RBIRF[R1,Fu)
RBIRFIRL,FS)
RBIRF(R1,F6)
RBIRF(R1,F7])
RBIRFIRY,FB)

REIRF(RS,F11) oR:
RBIRF(RE,F2) ON3
RBIRFI(RB,F3] 083
RBIRPIRS,F&) ('K
RBIRF[RB,FS] oK
ROIRF(RE,FB] o8:
RBIRF (R8,F7) ON3

RBIRF[FB8,FB] 1= DR:

MOVWMS 1= ™ ENTER MOVE CR TYPE GO.
MRITELN(MOVHS) S
LSTHY tz NULMVS
[ ]k
ENDT  (* INITAL *)

PROCEDURE PAUSER;

BEGIN
IF SWPA THEN
BEGIN
WRITELNI™ PAUSING ™)
REAOLNG
END:
ENDS {* PAUSER *)

PROCEQURE PRIMOVIAIFMI;

BEGIN
WITHM A DD
BEGIN

% INITIALIZE FOR A NEW GAME °)

(* FILE INDEX *)
(® RANK INDEX *)

{®* SIOE YO0 MOVE *)

(® NO ENPASSANT SQUARE *)

(® GAME HAS NOT STARTED *)

{® ALL CASTLING MOVES LEGAL °®)
(* LOOP THROUGH ALL FILES *)

(* SET LIGHT PAWNS ON BOARD °®)
{® LOOP THRU WIDDLE OF BOARD *)
{* SET MIDOLE OF BOARD EMPTY o)
{® SET DARK PAMNS ON BOARD *)

(® SET REMAINDER OF PIECES ON
B0ARD *)

t* INITIALIZE PREVIOUS MCVE *)

(* PAUSE FOR CARRIAGE RETURN *)

(* PRINT A HOVE *}

MRITE(™ FROM ™,FMFRIZ,"™ TO “,fKTO12):

IF NULMVBIA) THEN
MRITEL™, NULL MCOVE™)
ELSE
BEGIN
IF RHCA THEN

MRITE(™, CAPTURE ", XTPCIRMCPI,™,"

ELSE
WRITE(™, SIMPLE."):
IF NOT RMAC THEN
WRITE(™ ND™) 3
WRITEL™ ACS™)3
IF RMCH THEN






Listing 1, continued.:

MRITE(™, CHECK™)}
IF RMHT THEN
WRITE{™, MATE™}}
IF RMIL THEN
WRITE(", ILLEGAL™)}
IF RNSU THEN
WRITE(=, SEARCHMED"}}
CASE RMPR OF
FALSE: (* NOT PROMOTION *)
CASE RMOQ OF
FALSED (™ NOT CASTLE *)
IF RNEP THEN
MRITE (™, ENPASSANT™)}
TRUEEt (* CASTLE *)
BEGIN
WRITE(™, CASTLE ™)
IF RMQS THEN
MRITE (TLONG™)
ELSE
MRITE (“SHORT™) ;
ENOY
END;
TRUE? (* PROMCTION °*)
BEGIN
MRITE(™, PRCHOTE TO ")
CASE RMPP OF
PQy  WRITE ("QUEENT):
PRI MRITVE (TROOK™):
PB MEITELTBISHOP™);
PNS  MRITE(®KNIGHT™)
ENDS
ENDS
ENDS
END?
END?
WRITELNI(™, )3
END;  (® PRIMOV °*)

PROCEDURE PRINTB(ARRC) (* PRINT A BOARD *}
VAR
INTR t TR} 1° RANK INOEX *)
INTF 1 TF3 (¢ FILE INDEX ®)
BEGIN
MRITELNS (* WRITE A BLANK LINE *)
FOR INTR 12 R8 DOWNTO Ry DO t* LOOP DOWN THRQUGH RANXS *)
BEGIN
WRITE (= “,0RDIINTRI®LIL,™ T}3 {* QUTPUT RANK LABEL *)
FOR INTF 4= F1 TO F8 00 1* LOOP ACROSS THROUGH FILES *)

MRITE (XTPCLALXTRFSOINTR,INTFII1)
{* QUTPUT CONTENTS OF SQUARE *)

MRITELNG t* WRITE QUT A RANRK *)
ENDS
WRITELN (= W RNBQKBNR™) t* WRITE QUT BOTTOM LABEL *)

END3  {® PRINTB ")

PROCEOURE PRINBB(AIFS) S t* PRINT A BIT BOARD *)
VAR
INTR 1 TR: t* RANK INDEX *)
INTF 1 TF3 (* FILE INDEX *)
BEGIN
MRITELNS (¢ MRITE OUT A BLANK LINE *)
FOR INTR 1= RS DOWNTIO R1i 0O (* LOOP OOWN THROUGH RANKS *)
BEGIN
MRITE (= “,0RDIINTRI®LNL," ™% {® QUTPUT RANK LABEL *)

FOR INTF =z F1 TO F8 DO 1* LOOP ACROSS THROUGH FILES °*)
MRITE (XTBCULINRSTB(A,XTRFSUINTR,ENTF ]} )} \
{* QUTPUT CONTENTS OF SQUARE *)

MRITELNG (* WRITE QUT A& RANK *)
ENDS
MRITELN (™ w RNBUKBNR™) 3 (* WRITE OUT BOTTOM LABEL °*)

END: (® PRINBB *)

PROCEDURE PRINAM{IAYFX) ¢

.

PRINT ATTACK MAP °*)

VAR
IRTR, JUNTR ¢ TR; (* RANK INMDICES *)
INTF, UNTF t 1F 3 (* FILE INDICES *)

BEGIN
WRITELN:
FOR INTR 1= RS DOWNTO 1 DO
BEGIN
FOR JNTR 1: R8 GOWNTO Ri DO
BEGIN
FOR INTF 3= ¥)1 10 f8 0O
BEGIN
MRITEI™ =)@
FOR JUNTF = Fi T3 +8 DO
BEGIN
WRITE CATHBCUINPSTHIALXTRESUINTR  INTF L} XTRFSEINTR, UNTF ) 1)
END 3
WRITEL™ =11
END:
WRITELN:
€801
WRITEUN
IF INTR IN (RL,FI,RG.®7) Treh PAULER;
END:
ENDT  t° PRINAM ®)

PRCCEOURE PRISwI(A kA BTB) 1® PFINT & SHITCH *}

BEGIN
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WRITE(™ " A(AA}, A(AReL1))
IF B8 THEN
MRITELN(™ ONT})
ELSE
WRITELNI™ OFF™) 3
ENDS (® PRISWI *)

PROCEDURE MBEVALS {® EVALUATE RMATERIAL BALANCE *)
VAR
INTI 2 TIg (® COUNT PAMNS OF MINNIMG SIDE *)
BEGIN
IF MBLTE «» 0 THEN
IF MBLTE > 0 THEN
INTI 3= MBPMNILITE)
ELSE
INTI 1= MBPWNIDARK])

MBVALLJNTK) 3= SIGNUMINIMIN(FMAXMT,ABS(MBLTE))
*FTRADESABS INBLTE}*(FTRDSL-MABTOT}® (4* INTI+FTRPOK)
OIV {(&°INTI+FTRPUN) DIV 26214k,16320),MBLTE)S

END:  (* MBEVAL *)

PROCEOQURE MBCAPT {® EVALUATE MATERIAL AFTER
CAPTURE *)
(EYRISH t® PIECE CAPTURED *)
BEGIN
MBTOY = MBTOT - ABSIXTPY[A)): (* TOTAL MATERIAL ON BOARD °)
IF xTPULA)} = EP THEN
NBPWNIXTPMLA)] 1= MBPMNIXTPM{A)] - 13
t* REMOVE PAWN IF NECESSARY *)
MBLTE t= MBLTE - XTPVIA}: (® LITE ADVANTAGE *)
MBE VAL (% EVALUATE MATERIAL *)

END: (® MBCAPT *)

PROCEDURE MBTPAC (* REMOVE CAPTURE FROM
MATERIAL BALANCE DATA. THIS
IS THE INVERSE OF MBCAPT *)

(AsTPYS (* PIECE UNCAPTURED °*)

BEGIN
MBTOY 1= MBTOT + ABS(XTPVIAL):
IF xTPULA) = EP THEN
MBPWNIXTPH{A]]) 1= MBPHN{XTPH{A)) ¢ 13
MBLTE 3= MBLTE + XTPV(A):
END? (* MBTPAC *)

PROCEDURE MBPROM t

EVALUATE MATERIAL BALANCE
CHANGE DUE TO PAMN
PROMOTION °)

taatey (® PIECE TO PROMOTE TO *)

BEGIN
MBTOT 1= MBTOT ¢ ABS(XTPV{AI-XTPV(XTUNP(EP,XTPM(A])))
(® TOTAL MATERIAL ON BOARD *)
MBPHNI XTPH{AL] 3= MBPWN(XTPH{A]) - 13(® COUNT PANNS °®)
HBLTE 3= MBLTE ¢ XTPY(A)~XTPVIXTUMPLEP,XTPM[A]]])?
MBE VALY (® EVALUATE RESULTY *)
END; (* MBPROM *)

PROCEDURE HBMORP {®* REMOVE PAWN PROMOTION
FROM MATERIAL BALANCE DATA,
THIS IS THE INVERSE
OF MBPROM *)

{taate) s (* PIECE PROMOTED TQO *)
BEGIN
MBTOT 1=z MBTOT - ABS(XTPY(A)-XTPVIXTUMNPIEP,XTPHIALI]I]I)

MBPWN{ XTPHMLA)) t= MBPWUN{XTPM{A)} + L}
MBLYE iz MBLTE - (XTPVIA)-XTPVIXTUMPLEP,XTPHIA)I)):
ENDT  (® MBMORP *)

PROCEDQURE ADDATK (® ADD ATVTACKS OF PIECE TO OAVA
BASE *)
tASTS) S (® SQUARE OF PIECE YO ADC
ATTACK *)
VAR
INTB 3 1B, (® LOOP CONTROL BOCLEAN *)
INTD v TO3 (* CURRENT OIRECTIONM OFFSET ®)
INTE ¢ VEI (* CURRENT DIRECTION INDEx ©)
INTm ¢ TH} {* COLOR OF CURRENT PIECE *1
INTP 1 TP (* CURRENT PIECE *)
INTT ¢ 1T (®* RUNNING SQUARE °*)
BEGIN
INTP 3= NBOROLAISY (* PIECE OF INTEREST *)
INTH gz XTPM(INTP); {* COLOR *)
FOR [NTE 1= XFPELINTIP) 10 XLPELINTP) DO
BEGIN
INTT = A% {° INITIALIZE RUNNING SQUARE *)
INTB XSPBLINTP): (® TRUE IF SWEEP PIECE °)
INTO 1= xTEDLINTED: t* OFFSET *)
REPEAT

INTT 22 XTUS{XTSLEINTT) o INTO): (* STEP IN PROPER SIRECTION *)
IF INTY »= 0 THEN
BEGIN

SETRSUIATKFREA), INTTY S

SETRSIATKTOUINTY) 4) 3

SETRSU(ALATK(INTM), INTT)

[F NBORDEINFT) <» MT THEN

INT8 3= FALSES
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Listing 1, continued:

END
ELSE
INTB 1= FALSES
UNTIL NOT INTE;
END?

ENDI (® ADDATK *)

PROCEDURE ADOLOC
(Aa17Ss
81TP) 3

BEGIN
CLRRS(TPLOC{NT),A) ¢
SETRSITPLOCIB),AY S
SETRS(THLOCIXTPHIBII,A) G
SETRS(ALLOCLJNTK},A) 3
NBORD(A) 1= B¢

'
e
0.

ADD PIECE TO DATA BASE *)
SQUARE WITH NEW PIECE ON IV *)
NEW PIECE YO ADO *)

BIV BOARD OF EMPTY SQUARES ®*)
BIT BOARD OF ALL SAME PIECE °)
BIT BOARD OF ALL SANE COLOR *)
817 BOARD OF ALL PIECES *)

SET NEW PIECE ON BOARD *)

CLEAR POSITION STATUS *)

WHITE YO MOVE =)
NO ENPASSANT =)
NO CASTLING LEGAL °)

CUT ATTACKS THROUGH SQUARE *)
SQUARE *)

ATTACKING PIECES *)
ATTACKING PIECE SQUARE *)
SCRATCH =}

STEP SIZE °*)

ATTACKING PIECE SIDE *)

NO LONGER ATTACKED SQUARE *)
NO LONGER ATTACKED SQUARE *)

ALL PIECES ATTACKING SQUARE *}

IF SMEEP PLECE °*}

STEP SIZE OM 10 X 12 BOARD °®)
SIDE OF ATTACKING PIECE *}
FIRSY SQUARE BEYOND PIECE *)
FIRSYT SQUARE BEYOND PIECE ON
8X8 BOARD °®)

NHILE ON BOARD *)

CLEAR ATTACK MAP *)

OTHER ATYACKS ON SQUARE BY
SARE SIDE *)

IF NO ATTACKS BY THAT SIDZ *)
CLEAR ATTACKXS BY SIDE *)

STEP BEYOND SQUARE *)

STOP SCAN *)

DELETE ATTACKS FROM SQUARE *)
SQUARE TO REMOVE PIECE ®)

SQUARES ATTACKED 8Y PLECE ON
SQUARE *)

SCRATCH )

SQUARE ATTACKED 8Y PIECE ON
SQUARE *)

SIDE OF PIECE ON SQUARE °¢)

SQUARES ATTACKED 8Y PIECE
ON SQUARE *)

CLEAR ATTACKS FROM SQUARE °®)
SIDE OF PIECE ON SQUARE *)
LOOP THROUGH ALL ATTACKS BY
PIECE *)

END: (* ADOLOC °*)
PROCEDURE CLSTAT; (e
BEGIN
MITH BOARD DO
BEGIN
RBTM t= LITES (g
RBTS 1= =13 te
RBSQ 1= ()} [Rd
END3
ENDS (® CLSTAT *)
PROCEDURE CUTATK (84
tALTSYS (R4
VAR
INRS 1 RS} e
INTS o 1S3 (84
IMRS 1 RSS (R4
INTD 1 TO3 1s
INTH @ THM3 [Rd
INTL ¢ TLS (84
IMTT @ YT =
BEGIN
CPYRS(INRS,ATKTO[(A)) S (84
WHILE NXTTS{INRS,INTS) DO
IF XSPBINBORDIINTS)) THEN te
BEGIN
INTD 3= XLLDOXTSL{A)-XTSLIINTS))S
(*
INTM 3= XTPR{NBCORD[ INTS)]: (84
INTL 32 XTYSLEAISINTDS (84
INTT 1= XTLSIINTL)S (84
WMILE INTY > AY DO (R4
BEGIN
CLRRS{ATKFRIINTSE, INTT) ts
CLRRS{ATKTOUINTT}, INTS)
ANDRS (INRS,ATKTOLINTT), TMLOCIINTM]) S
(e
IF NULRS(IMRS) THEN (R4
CLRRS(ALATK({INTM), INTT) 3 [Rd
IF NBORDIINTT) = MT THEN
BEGIN
INTL o= INTL&INTO: [ 5d
INTT 1= XTLSTINTLIZ
END
ELSE
INTT 1= AT (24
ENOY
ENDS
ENDS  (® CUTATX ®)
PROCEDURE DELATK (R4
(ArTS) g (84
VAR
INRS 1 RS; (s
IMRS t RSS (R4
INTS ¢ TS (84
INTH 2 Tn3 (R4
BEGIN
CPYRS(INRS,ATKFRIA))S (R4
NEMRS(ATKFRIAD) Y 1
INTH 1= XTPMINBOROD(A)}S (R4
MHILE MXTTS(INRS,INTS) DO (24
BEGIN
CLRRS(ATKTO[INTS) AN (R

AMORS (IMRS,ATXTOL{ INTS), THLOCLINTNI}

IF

cL

cL

cL

SE

NB

END?
ENDS

174

NULRS(IMRS) THEN
CLRRS(ALATKIINTMI,INTS) S
RRS (TPLOCINBORD(A)).A) ;
RRS (THLOCE INTHM] A} S
RRS (ALLOCTUNTX ), 40 %
TRSATPLOCIMT ), A}

QROCAI 12 nT3

(®* DELATX *)
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CLEAR ATTACK TO OTHER
SQUARE *)

* OTHER ATTACKS 8Y SANME SIODE *)

CLEAR ATYACKS BY SIDE °*)

CLEAR PIECE *)

CLEAR PIECE FROM SIDE *)

CLEAR PIECE FROM ALL PIECES ®)
SET EMPTY ®)

PROCEDURE PRPATK i
(ALTS) 3 (R4
VAR
INRS 1 RS (R4
INTS ¢ TS3 L4
INTD ¢ TO: (R4
INTH ¢ TH3 (84
INTL & TLS (R4
INTT 2 773 {*
BEGIN
CPYRS{INRS,ATKTO(A)) ¢ [Rd
MHILE NXTTSUINRS,INTS) DO
IF XSPBINBORDIINTS)] THEN [Rd
BEGIN
INTD 4= XULLOD(XTSLCA)-XTSLIINTS));
(e
INTH 1= XTPM{NBORD[INTSI)S (R4
INTL 1=z XYSL[A)eINTOD; te
INTT e= XTLSUINTLIYS [ R
WHILE INTT »= 0 DO (s
BEGIN
SETRS(ATKFRIINTS), INTT) S te

SETRSC(ATKTO(INTTI, INTS) §
SETRS(ALATKI INTMI, INTT) S
1F NBOROLINTT) = MT THMEN
BEGIN
INTL 1= INTLSINTDS -
INTY 912 XTLSLINTL)S
END
ELSE
INTTY tx =33
ENO}
ENDS

ENDS (®* PRPATX *)

PROCEQURE GAINIY (4
(A1RM) ¢ (e
BEGIN
WITH & 0O
BEGIN

ADOLOC(RMFR,NBORD{RMTO}) §

ADOATK (RMFR) ;
CUTATK(RMFRY;
DELATK(RKTO) §

ADOLOC(RMTO,RMCF) 3

ADDATK{RNTO) 3

MBTPAC(NBORDIRNTO)) ¢
END:

ENDT  (® GAINIT &)

PROCEOURE LOSEIT (s
(AYRM) 3 e
BEGIN
®ITH A DO
BEGIN
MBCAPT(NBORDIRMTO1) % te
OELATK(RMTO) § (s
ADDLOC(RMTO,NBORDIRMFR]) 3 e
DELATK(RMFR) } -
PRPATK (RMFR) ; te
ADDATK(RHTO); (e
END3
ENDI  1® LOSEIT *)

PROCEDURE MOVEIT ie
{AIRM) (54
BEGIN
MITH A DO
BEGIN
ADOLOC(RMTONBORDIRNFRI1) ¢ (e
CUTATK(RMTO) (84

BELATK(RMFR) 3
PRPATK(RMFR) §

ADDATK(RNTO) ;
END3

ENDS  {® HWOVEIY *)

PROCEDURE RTRKIT e
(A1RM) 2 s
BEGIN
WITH A DO
BEGIN

ADDLOC {RMFR.NBORO(RMTO ) §
CUTATK(RMFR)
DELATK (RMTO) ¢
PRPATK (RMTO) ¢
ADDATK (RMFR) }

END3

ENDS t®* RIRKIT °*)

PROPAGATE ATTACKS THROUGH
SQUARE *}
SQUARE *)

ATTACKING PIECES *)
ATTACKING PIECE SQUARE *)
STEP SIZE *)

ATTACKING PIECE SIDE *)
NEW ATTACKED SQUARE *)
NEW ATTACKED SQUARE *)

ALL PIECES ATTACKING SQUARE *)

IF SMEEP PIECE *)

STEP SIZE ON 10 X 12 BOARD *)
SIDE OF ATTACKING PIECE °)
FIRST SQUARE BEYOND PIECE *)
FIRST SQUARE BEYOMD PIECE ON
8X8 BOARD *)

WHILE ON BOARD *)

SEY ATTACK MAP *)

SEY ATTACKS BY SIDE *)

STEP BEYOND SQUARE *)

STOP SCAN ®)

UNPROCESS CAPTURE MOVE °)
CAPTURE MOVE *)

PUT PIECE ON ORIGINAL
SQUARE *)

STOP ATTACKS AT THIS SQUARE *)
REMOVE THEM FROM

DESTINATION SQUARE *)

REPLACE CAPTURED PIECE *)

UPOATE SCORE *)

PROCESS CAPTURE MOVE *)
CAPTURE MOVE °*)

UPDATE SCORE *})

DELETE AYTACKS OF CAPTURED
PIECE =)

ADD PIECE TO DESTINATION
SQUARE *)

DELETE ATTACKS OF MOVING

PIECE *)

PROPAGATE ATTACKS THROUGH
FROM SQUARE *)

ADD ATTACKS OF MOVING PIECE *)

PROCESS ORDINARY MOVE *)
ORDINARY MOVE °)

ADD PIECE TO NEW SQUARE *)

CUT ATTACKS THROUGH NEW
SQUARE =)

DELETE AVTACKS FROM OLO
SQUARE *)

PROPAGATE ATTACKS THROUGH OLD
SQUARE *)

AOD ATTACKS FROM MEW SQUARE *)

UNPROCESS ORDIMARY MOVE *)
THME MOVE TO RETRACY *)

PUT PIECE ON ORIGINAL

SQUARE °}

CUT ATTACKS THROUGH ORIGINAL
SQUARE *)

DELETE ATTACKS FROM
DESTINATION SQUARE *)
PROPAGATE ATTACKS THROUGH
DESTINATION SQUARE *)

ADD ATTACKS FROM ORIGINAL
SQUARE *)






Listing 1, continued. FOR INTS 1= AS 10 75 0O

IF RBIS{INTS) <> WY THEN

BEGINM
ADDLOCUINTS,RBISUINTS)) S
MBTPACI(RBISIINTSI) S

PROCEDURE PAWNIT (* UNPROMOTE A PAWN *) Eng
(ATRM) ¢ (* PROMOTION MOVE *) SETRS(TPLOCEMT) ,INTS)
BEGIN :
N a 0o MBEVALS €* EVALUATE MATERIAL *)
BEGIN
P
MBMORP (NBORD(RMTO1) § t* UPDATE SCORE *) CPYRSCINRS, ALLOCLINTI)D e 5?:;EQ’I,°°‘“° oF ALt
NBORO(RMTO) = XTUMPLEP,XTPMINBORDIRHTOII1 NHILE NXTTS(INRS,INTS) DO
END? .
v (e pamnit o ADDATK (INTS) ¢ (* ADD ATTACKS OF ALL PIECES *)
NEMRS (CSTATIJNTK]) S (* INITIALIZE CASTLING SQUARES *)
FOR INTQ 1= LS TO OL BO
IF INTQ IN RBSQ THEN
PROCEDURE PROACA (* PROCESS CASTLE STATUS TORRS(CSTATUJNTKI,CSTATLUNTK) XSQSCINTQ)) ¢
CHANGES *)
(a37S)3 £° SQUARE *) NEWRS (ENPASTJUNTK]) ¢ (* INITIALIZE ENPASSANT SQUARE *)
var IF RBTS >= 0 THEN
TRS(ENPA :
"eRS 1 RS: C* SCRATCH ) SETRSUENPAS[ UNTK)4RBTS) ;
IMRS 1t RS} (* SCRATCH *) CPYRS(GENPNIJNTK], TPLOCI XTUMPTEP ,UNTM} )}
NOTRS(GENTO[JINTK ), THLOCE JNTH)) 3
BEGIN NOTRS (INRS,GENPNIUNTK 1) §
CLRRS(CSTATL{INTK) ,A) 3} (* CLEAR THIS SQUARE *) ANDRS (GENFRUJINTK ), THLOCT JNTH) 4 INRS) 3
ANDRS (INRS,CSTAT{ JNTK ], XRRSCXTSR(A))) ¢ END3
t® CASTLE BIVS FOR THIS SIDE °) ENDI (* CREATE *)

IF WOT INRSTO(INRS,XTRFSIXTSRIA],FS)) THEN
(®* IF KING MOVE *)

ANDRS(CSTATIJUNTK) ,CSTATIUNTK) , XNRSE XTSRIAI D) ROCEDURE ONDATE (® OOMMOATE DATA BASE TO 8ACK
(® CLEAR ALL CASTLE NOVES FOR OUT A MOVE *)
SIDE *) (A1RM) 3 (* TME MOVE TO RETRACT *)
AMDRS (IMRS , INRS , XRFS(F81) ¢ (* KING ROOK SQUARE °)
ANDRS (INRS . INRS , XRFS{F1113 (® QUEEN ROOK SQUARE *) VAR
IORRS (INRS, INRS, INRS) § {* BOTH ROOK SQUARES °) INTS 1t TS% (® SCRATCH *)
IF MULRS(INRS) THEN (* IF BOTH ROOKS GOME *) INTR 3 TR3 (* ROOK RANK FOR CASTLING °)
ANDRS (CSTATIJNTK],CSTATEINTK] , XNRSTXTSRIATI) S INTF 3 TFy (® ROOK FILE FOR CASTLING ®)
END; (% PROACA *)
RKFR 1 1S3 t* ROOK FROM SQUARE *)
RKTO 3 TS3 (* ROOK TO SQUARE *)
PROCEOURE PROACS (* PROCESS MOVES AFFECTING CASTLE BEGIN
STATUS =) MITH A DO
[TYLLIN (* MOVE WITH RMAC *) BEGIN
CASE ORDIRMCA)*4& ¢ ORD(RMAC)I®Z ¢ ORD(RMPR) OF
BEGIN 0t (® ORDINARY MOVE *)
MITH A DO RTRKIT (A3
BEGIN 11 (% PANN MOVE ANO PROMOTE *)
IF INRSTB(CSTATUJNTK]),RNFR} THEN  (® FROM SQUARE °) BEGIN
PROACA {RNFR) ¢ PANNITIA):
IF INRSTBICSTATIJUNTKI,RMTO) THEN  (* TO SQUARE *) RTRKIT(A)S
PROACA (RMTO) 3 END3
END3 21 (% WMISCELLANEQUS ACS *)
ENDS  (° PROACS *) IF RMOO THEN
BEGIN (* CASTLE *)
IF RMQS TMEN
INTF 3= F1 (* ROOK ON QUEEN ROOK FILE *)

PROCEDURE PRONOT t* PROCESS PROMOTION *) ELSE

CAsRM) 3 {®* PROMOTION MOVE *} INTF 8= F83 t® RCOK ON KING ROOCK FILE °*)
XTSR(RMFR] S (* ROOK FILE *)

BEGIN XTRFSLINTR,INTF ) t* ROOK FROM SQUARE *)
WITH A 0O (RMFRORNTO) OIV 23 (® ROOK TO SQUARE *)
BEGIN ADDLOC{RKFR,NBOROIRKTD1)} {* REPLACE ROOX °®)

MBPROM(XTGHMPI RNPP, JNTH1) } (* UPDATE SCORE *) OELATK(RKTO) §
NBORD[RNFR] 1z XTGMP{RMPP,INTN]; PRPATK(RKTO) 3
END: ADDATK(RKFR) }
ENDS  (* PROMOT *) RYRKIT(AY {* RETRACT XING MOVE *)
END
ELSE (® NOT CASTLE *)
RTRKIT(AY}
PROCEDURE CREATE; (* CREATE GLOBAL DATA BASE *) 313 (® NULL MOVE *)
&1 (* CAPTURE *)
VAR IF RMEP THEN
INRS 1 RS} (®* SCRATCH BIT BOARD *) BEGIN (°® CAPTURE ENPASSANT *)
INTH © M3 (* COLOR INDEX *) INTS = XTRFSIXTSR(RMFR],XTSF{RMTO} )
INTP @ TP3 (* PIECE INDEX *) AODLOC(ENTS,RMCPY §
INTQ ¢ YQ3 (* CASTLE TYPE INDEX *) CUTATK(INTS)S
INTS 1 TS3 t* SQUARE IMDEX *) ADDATK (INTS)S
RTYRKITUA) {* RETRACY PAWN MOVE *)

BEGIN MBTPAC (NBORDIINTSI) t* ADO PIECE TO SCORE *}
WITH BOARD DO END
BEGIN ELSE {® CAPTURE NOT ENPASSANT =)

GAINIT(A)
INTW 1= AWey: {* INITIALIZE MOVES STACK S8 (° CAPTURE AND PRONMOTE *}
POINTER *) BEGIN
INTK 4= AK: (* PLY INGEX *) PAMNIT(A) S (% UNPROMOTE *)
JNTM 1= RBTHS (s SIDE YO MOVE *) [Ngllnllll): (® UNCAPTURE *}
' .
NODES 1% 03 (* INITIALIZE TOTAL NODES *) 61 {* CAPTURE ACS *)
GAINITIA)S {® UNCAPTURE *)
LINDX{JINTK] = UNTW? € MOVES ARRAY LINIT ®) 7i (® CAPTURE ROOK ACS, PROMOTE *)
SRCHAM(JINTK) 1= WO} (* SEARCH MODE *) BEGIN
PAMNIT(AY
FOR INTS t= AS 10 IS 0O GAINITIA)
BEGIN END?
NEWRS (ATKFRUINTS)) (* CLEAR ATTACKS FROM *) END3
MEMRS (ATKTOLINTSI) (* CLEAR ATTACKS TO *) JNTH ¢x LINDX(JNTK)3 (% RESET MOVE GENERATION
NBORD{INTS] t= MT} {* CLEAR LOOKAHEAD BOARD *}) POINTER *)
ENDS JUNTK 1= JNTK-13 (* BACK UP PLY INDEX ®)
JNTM 1z OTHER{JNTH)S (* SWITCH SIOE TO MOVE *})
NEWRS (ALLOC(JNTK ) (* CLEAR ALL PIECE LOCAYIONS *) ENDS

END3  (® DNDATE *)
FOR INTP 1= LP 1O MV DO

MEWRS (TPLOCLINTP)) (®* CLEAR PIECE LOCATIONS *)
FOR INTM 1= LITE TO MONE DO FUNCYION UPDATE (® UPDATE DATA BASE FOR A WOVE *)
BEGIN (VAR MIRM) (* THE MOVE *)
NEMRS{THMLOCCINTHI) {®* CLEAR COLOR LOCATIONS *} 1783 {® RETURNS TRUE If BOVE IS
NEMRSCALATKIINTH)) S {* CLEAR COLOR ATTACKS *) LEGAL *)
END}
VAR
HBTOT t= 0% INMRS 1 RS} (¢ SCRATCH =)
MBPWN(LITE) 1= (3 INMRS ¢ RS3 (* SCRATCH *)
MBPWNIDARK]) 1= 03 INTS 1 TS3 t* SCRATCH *)
MBLTE 3= 0% INTF 3 TF3 {® ROOK FILE FOR CASTLING *}
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Listing 1, continued: NODES 1= NODES#1: t* COUNT MODES SEARCHED *)
ENOD}
END: (% UPDATE *)
INTR 1 TR €* ROOK RANK FOR CASTLING *)
RKTO t TS (% ROOK DESTINATION SQUARE *)
RKFR ¢ TS: (* ROOK ORIGIN SQUARE *)
PROCEDURE GENONE (® STACK OWE GENERATED MOVE *)
BEGIN CACTT: (* FROM SQUARE *)
WITH a 0O B17S); (* TO SQUARE *)
BEGIN
JNTK &5 UNTKe1} (* ADVANCE PLY INDEX ) VAR
NEWRS (ENPAS[JNTK]D § (* CLEAR ENPASSANT BIT BOGARD °) INRS t RS; t* SCRATCH *)
CPYRSICSTATI{INTK) ,CSTATIJUNTK-101¢ (* INITIALIZE CASTLE STATUS °)
CPYRS (ALLOCIJNTK) ,ALLOCIJNTK=1)): (% INITIALIZE ALL LOCATIONS ) BEGIN
FPOVAL(JINTK) = MBVAL[JINTK-1]; (®* INITIALIZE MATERIAL SCORE *) MITH MOVES(JNTW} DO
LINOXEUNTK]) 2= ONTWS (* MOVES ARRAY LIWIT *) BEGIN
CASE ORD(RMCA)®G + ORD(RMACI®2 + ORD(RMPR) OF RMFR 1= (* FROM SQUARE *)
01 (* ORCINAFY MOVE *) RMTO 1= B3 (* TO SQUARE *)
IF RMEP THEN RMCP NBORDIBI; (* CAPTURED PIECE *)
BEGIN t* PAMN MOVE 2 SPACES *) RMCA t= (NBORDLB) <> MY)3 (* CAPTURE *)

IORRS {INRS, XRSS(A},XRSS(B1)

SFTRSUINRS,XRSSIRMTOD),S1)
H ANDRS{INRS, INRS,CSTATIUNTK) I

SFTRSCIMKS, XRSSIRMTD), S

TORRSUINRS, INRS, [MRS) § €* SQUARES NEXY YO DESTINATION *) RMAC t= NOT NULKS{INRS): t® AFFECTS CASTLE STATUS @)
ANJRSTUINKS,, INRS, TPLOC{X TUMPEP,OTHER[JNTHI) 1) S RMCH 1= FALSE: t® CHECK *)
(® INTERSECT WITH ENEMY PAWNS =) RMMT 1= FALSE? {® MATE *)
IF NOT NULRSUINRS) THEN RMIL 1= FALSES t* ILLEGAL *)
SETRSUENPAS{JUNTK], (RKTOeRMFR) OIV 2); RMSU 1= FALSE; {* SEARCHED *)
(* SET ENPASSANT SQUARE *) RMPR 3= FALSE! (* PROMOTION *)
MOVEITtA)YS (* MOVE PAWN ®) RMOO 1= FALSE: (* CASTLE *)
ENO RMEP 1= FALSE: {* ENPASSANT *)
ELSE END:
HOVEIT(A) {® MOVE PLECE *} VALUEC INTM]) 1= 03 (® CLEAR VALUE *)

1t (® MOVE AND PROMOTE *) IF JUNTW « In THEN
BEGIN JNTH 12 UNTHell (® ADVANCE MOVES STACK POINTER *)

PROMOT (A) 3 {* PROMOTE PAMN *} ENDT  t® GENONE =)
MOVEIT(A) (®* WOVE PROMOTED PIECE *)

END S
2t (* MISCELLANEOUS ACS *)
BEGIN PROCEDURE PWNPRO €® GENERATE ALL PRONOTION
IF RMOO THEN MOVES *)
BEGIN (® CASTLE °)
IF RMQS THEM VAR
INTF 1=z Fy (® ROOK OM QUEEN ROOX FILE *) INTG ¢ TG (* PROMOTION TYPE *)
ELSE
INTF 1= F83 (* ROOK OM XING ROOK FILE *} BEGIN
INTR 3= XTSRIRMFR)S (® ROOK ON KINGS RANK ©) MOVESI UNTH-1).RNPR 13 TRUE} (* SET PROMOTION *)
RKFR 1= XTRFSUIMTR,INTFI{ (* ROOK ORIGIN SQUARE °) MOVEST INTM=-1).RNPP 32 PQ3 (® PROMOTE YO QUEEN FIRSY *)
RKTO 1= (RMFReRMTO) DIV 23(* ROOK DESTINATION SQUARE *) FOR INTG 1= PR TO P8 DO (* GENERATE OTHER PROMOTIONS °)
ANORS(CSTATI JNTK)CSTATIINTK] ,XNRSTINTRI) § BEGIN
(* DISALLOM FURTHER CASTLING MOVES(JINTYN] t= MOVESIJNTH=11% (® COPY LAST MOVE *)
BY THIS SIODE =) MOVES[JNTH] . RMPP 3= INTG} t* CHANGE PRONOTE TO PIECE *)
ADDLOC (RKTO,NBOROIRKFRIII (* PUT ROOK ON MEM SQUARE °*) UNTW ox JNTwWels (® ADVANCE WOVE INMDEX ®)
ADDATK(RKYO) § (* ADD ITS ATTACKS *) END S
DELATK(RKFR) t* DELETE FROM ORIGINAL SQUARE *) END; (® PWNPRO *)
MOVEIT(A)S (® MOVE KING *)

END

ELSE (* NOT CASTLE *)

BECIN PROCE DURE GENPWN (® GENERATE PAMN MOVES *)
PROACS(AD: (* PROCESS CASTLE STATUS M0OS *) (AIRSS t® PAMNS TO WMOVE *)
MOVEIT(A); (* MOVE TO OR FROM KING OR ROOK BIRSHS t* VALIO OESTINATION SQUARES *)

SQUARE *}
END3 VAR
END: INRS, IMRS 1 RS; (® SCRATCH *)
31t (* NULL MOVE *) INTS 1TSS (* DESTINATION SQUARE *)
L] i* CAPIURL *)
IF RREP THEN BEGIN
BEGIN (* CAPTURE ENPASSANT *) IF JUNTHM = LITE THEN

INTS t= XTRFSIXTSRIRRFR), XTSF{RNIO] ) BEGIN t* WHITE PAWNS *)

(* CAPTURED PAMN SQUARE *) SFTRSUINRS, Ay 52) 3 1* ADVANCE ONE RANK ®)

MBCAPT (NBOKOLINTS) ) (* UPDATE SCORE *) ANORS (INRS,TPLOCIMT I, INRS)S (* ONLY TO EMPTY SQUARES *)

DELATK(INTSI S (* DELETE CAPTURED PAWN CPYRS (IMRS, INRS) 3 t® SAVE FOR 2 SQUARE MOVES *)

ATTACKS *) ANDRS (INRS . B, INRS) ; (® ONLY VALID DESTINATION
PRPATK(INTS) S (* PROPAGATE ATTACXS THROUGH SQUARES )
PAMN *) MHILE NXTTS(INRS,INTS) 00
MOVEITCa): (* MOVE CAPTURING PAWN *} BEGIN
END GENONE({XTUSIXTSLI INTS)I=XTEDIS21],INTS)S

ELSE (® CAPTURE NOT ENPASSANT ®)
LOSEIT(AD {® PROCESS CAPTURE *}

1® GENERATE SIMPLE PAWN MOVES *)
IF INTS »>= XTRFS{R8,F1) THEN

S1 (* CAPTURE AND PROMOTE °1 PHNPROS t® PROCESS PROMOTION *)
BEGIN END3
PROMOT (A) ¢ (* PROMOTE PANN *) AMDRS LINRS, INRS . XRRS{R3I)}} (® TAKE ONLY PAMNS ON THIRD *,
LOSEIT(AY 3 (® PROCESS CAPTURE WITH PROMOTED SFTIRS(INRS, INRS,S2)3 (® ADVANCE ONE MORE RANK *)
PIECE *) ANDRS (INRS, INRS,TPLOCINT IS {® ONLY TO EMPTY SQUARES °*)
END ANDRS { INRS, INRS,B) ; (® ONLY VALIO OESTINATIOMN
6t (® CAPTURE ACS °*} SUUARES *)
BECIN WHILE NXTTSIINRS,INTS) 00
PROACS(A) 3 {® PROCESS CASTLE STATUS MODS *} BEGIN
LOSELIT(AY {® PROCESS ROOK CAPYURE *) GENOME (XTLSIXTSLUINTSI=2%XTEQIS2 )L INTSH Y
ENDT t® GENERATE OOUBLE PAWN MOVES *)
Ti (* _APTURE PQOOX ACS, PRIMOTE *) MOVES[{ JNTHW-1).RMEP = TRUE; (® FLAG AS TWO SQUARES *)
BEGIN END?
PROMOTIA) S t®* PROMOTE PAMN °)
PROACS{A) 3 (* CHANGE CASTLE STATUS *) SFTRSIUINRS,A4,81) 3 (® TRY CAPTURES TO THE LEFT =)
LOSEIT (AN {® PROCESS ROOK CAPTURE *) IORRS (IHRS, TMLOC{OTHERI JMTM]I ], EMPASTUNTK]) §
END? (* OPPONENT PIECES ¢ EP SQUARE *)
END ANDRS (IMRS, IMRS,8) 3 {* VALID DESTINATION SQUARES *)

ANMORS { INRS, INRS, IMRS} §
WHILE NXTTSI{INRS,INTS) 0O
BEGIN
GENONE (XTLSEXTSLUINTS)=-XTEDIRLIN, INTS) S
(* GENERATE CAPTURE NOVE *)
MOVES{ JNT®-1),RMCA = TRUE; (® FLAG CAPTURE *)
HOVEST UNTM=11.RMEP 1= INRSTB(ENPASIJNTK],INTS) S
(® FLAG ENPASSANT CAPTURE *)

(® CAPTURE MOVES TO LEFT *t
(% INITIALIZE MUVE GENERAYION *)

INTK 1= OTHER(JNTH] (* SWITCH SIDE TO MOVE *)

CPYRSIGENPNIINTR ) TPLOCEXTUMPIEP,UNTMI])

NOTRSHUGENTO(UNTK ), THLOCL JNTH) ) 3

NOTRS(INRS,GENPNLJUNTK )

ANDRS (GENFR{JINTK ], THLOCC JNTH]), INRS)

IF MOVESTJINTM-1).RHEP THEN
MOVESIJINTM-1) . RMCP 1= DP:

IF INTS >= xTRFS{R8,F1) THEN

(* DETERMINE IF WOVE LEAVES KING IN CHECK, OR MOVES (® SET CAPTURED PIECE TYPE *)

XING INTO CHECK °®)

ANDRS (INRS, TPLOCIXTUMP[EK, JNTH] ), ALATKIOTHERIJNTA) }) 3

RMCH 3a NOT NULRSC(INRS);

ANORS (IMRS, TPLOCIXTUMPIEX,OTHERIINTHI ]} JALATKIINTMID S

RMIL t= NOT WNULKRS(INRS)?

UPDATE 13x NOT RRMIL:

IF NOT RMIL THEN (® COUNT LEGAL MOVES *)
MYSELIJUNTK=1) 8= MVSELIJINTK=-1] ¢ 13

(® INITIALIZE MOVE SEARCHING *)

SRCHM[{ JNTK] 3= M1}
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PUNPRO S
END3

SFTRSI{INRS,A,B82)

g

PROCESS PROMOTION *)

TRY CAPTURES TO THE RIGHT *)

TORRS (IMRS s TMLOCTOTHERI JNTM] 1, ENPAST IUNTKDD S

ANDRS (IMRS, INRS,8}}

AMDRS (INRS, INRS ., INRS) }
MHILE NXTTS{INRS,INTS) OO
BEGIN

GENOME {XTLSIXTISLIINTS)I=-XTED{B2]), INTS) S
(s

te
(u
3

OPPOMENT PIECES ¢ EP SQUARE *)
VALID DESTINATION SQUARES *})
CAPTURE MOVES TO LEFT =)

GENERATE CAPTURE MOVE °)






PROCEDURE GENTSL ¢

180

Listing 1, continued:

MOVES{ JNTW~-1] . RMCA 5= TRUE}
MOVESIUNTN-1]1,RMNEP 1=

(® FLAG CAPTURE *)
INRSTBIENPASIUNTK ] INTS)?

1 FLAG ENPASSANT CAPTURE *)
IF MOVES{JINTM-1}.RHEP THEN

MOVESTJUNTH-1).RMCP t= 0P} (® SET CAPTURED PIECE TYPE *)
IF INTS »= XTRFS(RB,F1) THEN
PWNPRO § {® PROCESS PROMOTION *)
ENDS
END
ELSE
BEGIN t® BLACK PAWNS *)
SFTRSUINRS,A,Sk) 3§ (* AOVANCE ONE RANK ©*)
ANORS {INRS, TPLOC(MT ), INRS) ¢ (* ONLY TO EMPTY SQUARES *)
CPYRS({IMRS, INRS) (* SAVE FOR 2 SQUARE MOVES °*)
ANORS (IMRS .8, INRS) S t* ONLY VALID DESTINATION

SQUARES *)
MHILE NXTTS(INRS,INTS) 00
BEGIN
GENONE (XTLSIXTSLOINTS)-XTEO(Su)]l,INTS)
{® GENERATE SIMPLE PAWN MOVES °®)

IF INTS <= XTRFSIRL1.F8) THEN
PHUNPRO ; (* PROCESS PROMOTION *)
END3
ANDRS { INRS 3 IMRS, XRRS[RED) I (® TAKE ONLY PAWNS ON THIRD *)

SFTRS{INRS s INRS .S« §
ANDRS (INRSINRS.TPLOCINT )
ANDRS { INRS, INRS,8) ¢

(* ADYANCE ONE MORE RANK *)
(% ONLY TO EMPTY SAUARES °)
(® ONLY VALID DESTINATION
SQUARES °*)
WHILE NXTTS(INRS,INTS) DO
BEGIN
GENONE (XTLSIXTSLLINTS)=2®XTED(SL)1.INTS)
t* GEMERATE DQUBLE PANN MOVES *)
MOVES[JNYW=-1}.RHEP 1= {* FLAG AS TMO SQUARES *)
END;

TRUES

SFTRSCINRS,4,83) % (* TRY CAPTURES TO THE LEFT *)
TORRSUIMRS s THLOC(OTHER[JINTM ) ), ENPAS(UNTK]) 3

(* OPPONENT PIECES ¢ EP SQUARE *)
(* YALIO DESTINRATION SQUARES *}
(* CAPTURE MOVES TO LEFT *)

ANDRS {IMRS, INRS,8) 3
ANDRS (INRS, INRS, IMRS}}
WHILE NXTYS(INRS,INTS) DO
BEGIN
GEMONE(XTLS[XTSLEINTS)~-XTED(B3 1), INTSES

(® GENERATE PAWN CAPTURE MOVE *)
TRUE S t® FLAG CAPTURE *)
1z INRSTBUENPAS[JNTK),INTS);

(® FLAG ENPASSANT CAPTURE °*)

MOVES[JUNTHW-1 1, RMCA 1=
MOVES[UNTHW=1].RMEP

IF MOVES[JNTW-1}.RMEP THEN
HOVES{ INTH=1]1.RNCP tx LP;
IF INTS <= XTRFSIR1,F8)1 THEN
PHNNPRO?Y
ENO}

(* SET CAPYURED PIECE TYPE *)

{®* PROCESS PROMOTION °*}

SFTRS(INRS, A, Bhk) 3 (* TRY CAPTURES TO THME RIGHT *)
IORRS (IMRS, TMLOCIQTHER([JNTH )], ENPAS[JNTK]) §

{* OPPONEMT PIECES ¢ EP SQUARE *)
{* VALID DESTINATION SQUARES *)
(* CAPYURE MOVES TO LEFT ®)

AMDRS (IMRS, INRS,B) 3
ANDRS (INRS 4 INRS, IMRS) §
WHILE NXTTS(INRS,INTS) 00O
BEGIN
GENOMNE (XTLSE{XTSL{INTS)I-XTED[ 8L, INTS)}

(® GEMERATE PAWN CAPTURE MOVE *}
TRUE? (® FLAG CAPTURE *)
INRSTHB(ENPAS(JINTX ) INTS);

{® FLAG ENPASSANT CAPTURE *)

MOVES(JUNTM=1].RNCA ¢=
MOVES( JNTM=1) . RNEP 1=

IF MOVESUJUNTM-1).RMEP THEN
MOVES[JINTH-1].RMCP s LP;
IF INTS «x XTRFS(R1,FB8) THMEN

(® SET CAPTURED PIECE TYPE *)

PWNPRO? {® PROCESS PROWOTION °*)
END§
13 1/}
END:  (°* GENPMN °*)
PROCEDURE GENFSL (* GEMERATE ALL WOVES FROM
A SET OF SQUARES *)
(ATRS) S t* ORIGIN SET OF SQUARES *)
VAR
INRS t (®* QUTER LOOP 81T BOARD *)
IMRS ¢ (* INMER LOOP BIT BOARD °*)
IPRS 1 t* PANN ORIGIN BIT BOARD *)
INTS ¢® OUTER LOOP SQUARE NUMPER *)
InTs (* INNER LOOP SQUARE NUMPER *)
BEGIN
ANDRS (INRS , A, GENFILINTK]) ) ; (* ONLY VALID FROM SQUARES *)

NOTRS(IMRS,4) %

ANORSIGENFRIJRTK ) ,GENFREJNTK] ,INRS) D t°
ANDRSIIPRS 4 A, GENPN{JINTI } ) te
ANORS(GENPNLUNTK) , GENPNEUNTK) ,INRS)Y

REMOVE ORIGIN SQUARES *)
VALID PAWN FROM SQUARES *)
RENMOVE PAWNS *)

WHILE NXTTSIINRS,INTS) 00 (R4
BEGIN
ANORS TTMRS ATKFR{INTS) GENTOILUNTKY) |

LOOP THROUGH ORIGINS *)

GET UNPROCESSED DESTINATION
SAUARES *)

MHILE NXTTS(IMRS,IAMTS) 0O {® LOOP THROUGH ODESTINATIONS *)
GENONE LINTS . IFTS) (* GENERATE MOVE *)
END
GENPMN U IPRS,GENTOLINTX]D (* GENERATE PAMN MOVES °®)
END:  (® GETFSL *)

GENERATE ALL MNOVES TQ A

VAR

SET OF SQUARES *)
tAIRS) (* TARGEY SET OF SQUARES °)
INRS ¢ RS (* QUTER LOOP BIT BAOARLD *)
InRS 1 RS} (* INMER LOOP BIT BOARD *)
IPRS &t RS (® PAMN BIT BOCARD *)
INTS o TS3 (* OUTER LOOP SQUARE NUMBER °}
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IMTS & TS (* INNER LOOP SQUARE NUMBER
BEGIN
ANDRS (INRS (A, GENTOIUNTKI} S {* ONLY VALID TQO SAQUARES *)

NOTRS (IMRS ,A) ¢
ANDRS{GENTO[JINTK ], GENTO[UNTK),INRS); (*

CPYRS(IPRS, INRS): t® SAVE FOR PAWN MOVES ¢}
WHILE NxTTST{INKS,INTS) DC (* LOOP THROUGH DESTINATIONS *)
BEGIN

ANDRS (IMRS,ATXTO[INTS ) GENFRIJIRTK))

{* GET PIECES OF SIDE TO MOVE *)

WHILE NXTTSOIMRS,INTS) DO {* LOOP THROUGH OQRIGINS *)
GENONE {IMTS,INTS) S t* GENERATE MOVE *}

END

GENPUNIGENPNI UNTK] , IPRS) (® GENERATE PAWN MOVES *)
ENDY  t® GENTSL *)
PROCEDURE GENCAP; (® GENERATE CAPTURE MOVES *)
VAR

INRS 1 RS (® DESTINATION SQUARES *)
BEGIN

IORRS (INRSENPAS[{INTK ), TALOC(OTHER{ INTH] ]}
GENTSLUINRS) S {* GENERATE MOVES 10
ENEMY SQUARES *)

END; {® GENCAP =)
PROCEDURE CENCAS: (* GENERATE CASTLE MOYES *)
VAR
INTQ 1 733 (® CASTLE TYPE INDEX ®)
INRS &t RS: (* OCCUPIED SQUARES TEST *)
IMRS 1 RS, 1* ATTACKED SQUARES TEST *)
BEGIN

FOR INTQ t= XTMQI[JNTNM) TC SUCCIXTHMA(JINTH}) DO
IF INRSTBU(CSTATIJNTK] XTQSLINT2} THEN
te IF CASTLING IS LEGAL *)
BEGIN
ANORS t INRS, XRISOL INT21 ,ALLOCIJNTK]) T
€® CMECX OCCUPIED
ANORS LIMRS ,XRGSA{INT ) ALATR(STHERT INTH] 3 ;
€* CHECKX ATTACKEG
THEN
€* IF CASTLING 1S
PGSSIBLE *)

SQUARES *)

SQUARES *)
1F NULRSUINRS) ANZ NJLRSUIMRS)

LEGAL AND

BEGIN
HOVES({JUNTH] 1=
VALUECUNT W) 1=

XRIN(INTQ) S
[

.

GENRERATE CASTLING MWCVE *)

JNTHW t= UNTWeis
END;
END?
ENDS  (® GENCAS *)

PROCEDURE GENALL; (* GENERAYE ALL LEGAL MOVES
BEGIN
GENFSLIALLOC{UNTX]) 1* GENERATE SIMPLE MOVES *)
GENCAS: (® GENERATE CASTLE MOVES °)
ENDS t* GENALL *)
PROCEDURE LSTMOV; (* LISY LEGAL PLAYERS MOVES
VAR
INTW @ Tw; (* WOVES INDEX °®)
BEGIN
CREATE; (® CREATE DATA BASE *)
GENALL S (® GENERATE ALL MOVES *)
FOR INTM 1= Awel TO JNTM-1 0O
BEGIN
IF UPDATE (MOVESI INTM) ) THEN? (% SET ILLEGAL FLAG *)
DNDATETMOVES( INTH ) |
END
ENDI  (* L(5TMOV *)
.
PRQCEQURE THEMOV {® HMAKE TWHE MOVE FOR REAL *)
CARM) (® THE MOVE TO MAKE °®)
VAR
INTB t* SCRATCH *)
INRS 1t t® SCRATCH *)
INTQ ¢ t® CASTLE TYPE INODEX *)
INTS t® SCRATCH =)
BEGIN
LSTHY 1= A3 (® SAVE AS PREVIOUS MOVE *)
INTB $: UPDATE(A): (® UPDATE THE DATA BASE *)
Wwilw BOARD DO {® AND COPY ALL THE RELE vANT
BACK COWN *)
BEGIN
RBTM 1= JNTH: t* SIDE TO mOvE *)

CPYRS LINRS JENPAS(UNTK) )
If NXTTSCINRS,INTS) THEN (R4
RBTS 1= INTS
ELSE
RBTS
1F JUNTW : DARK THEN
RBTL 4x RBTIIe1;
P OR INFQ 1= LS 10 DL 20G
IfF INRSTBICSTATIUNTX ), XTYSLINTIY)

FIND ENPASSANT SQUAKE *)

ATS

(* ADVANCE MOVE WUHMBER *)

THEN

RBSJ 1= RBSUS(INTGY (* CASTLE LEGAL %)
£LSE
RASQ 1: RBSU-LINTQI? t® CASTLE NOT LEuAL *)
FOR INTS ;= AS TG 25 OC
RBISIINIST t= NBORDUINISI: (* COPY POSITION *)
ENDS
ENDY (* THEMGY *1}

REMOVE OESTIMATION SQUARES °)

DATA
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In part 1 of this series (September 1978
BYTE, pagc 58) we defined a Pascal subset
language in terms of syntax diagrams. The
p-machine and its instruction set and a
p-code interpreter were also described. In
part 2 (October 1978 BYTE, page 34) we
presented the design and implementation of
the p-compiler. The subject matter for this
part is the translation of p-codes to cxe-
cutable 8080 machine codes. We will also
discuss the implementation of run time
support routines and code optimization.

Compiler-Interpreter Systems

To understand why we need a p-code to
8080 translator, we should first take a brief
look at the different structures of compiler-
interpreter systems. The most widely used
structure for microcomputers is the inter-
preter. Since interpreters are written in the
target computer’s assembly language, their
memory size is small. They are self-con-
tained in the sense that they include an edi-
tor for creating source programs and run
time routines to do all computations. Mem-
ory storage for source programs is also
small. The only disadvantage is speed. Exe-
cution time for a typical BASIC program is
estimated to be about 300 to 1000 times
the execution time of the same program
written in assembly language. Interpreters
may spend more than 70 percent of their
time scanning source symbols character by
character, parsing the syntax and checking
errors. No matter how many times a pro-
gram statement is executed, the parsing pro-
cedure is repeated cvery time.

This problem can be readily solved by
separating the parsing and execution steps.
Before execution, the source program is
compiled and intermediate code is gener-

ated. Thus scanning and parsing are done
only once for each program statement. This
is the so-called compiler-interpreter scheme
used in some BASIC compilers. Execution of
the intermediate codes is by interpretation.
The gain in speed over a pure interpreter is
a factor of approximately 2 to 10. However,
the gain in speed is paid for by extra mem-
ory storage needed for intermediate codes.

The compile-go and compile-link-go ap-
proaches are commonly used for many high
level language compilers in mainframe com-
puter systems. These compilers generate re-
locatable binary codes. The compile-link-go
approach has the advantage of linking to-
gether different modules of programs that
are compiled separately, such as those in a
subroutine library. This is done by a linking
loader. However, due to limited system re-
sources like memory and peripheral devices
in microcomputers, these two structures are
rarely used. Further, since Pascal is designed
for fast compilation, linkage of program
modules may be done at the source lan-
guage level.

Among those four structures just men-
tioned, the compiler-interpreter seems to be
most appropriate for implementation on
microcomputers. However, execution speed
is still slow because intermediate codes are
interpreted rather than executed directly by
the computer. An obvious solution to this
problem is to translate the intermediate
codes into executable machine codes. Thus,
each intermediate code is decoded once by
a program which we call a trans/ator. The
translated machine code can be expected to
run about two to five times faster than in-
terpreted intermediate codes. Therefore,
the overall gain in speed, compared with a
pure interpreter, is a factor of approxi-
mately 10 to 50. (Preliminary test runs in






Table 1: Summary of dif-
ferent structures of com-

our system show that Pascal programs run
about 15 times faster than the same pro-
gram written in BASIC.) We call this struc-
ture compile-translate-go.

The five compiler-interpreter structures
we discussed above are summarized in table
1. The compile-go and compile-translate-go
are rather similar in structure. Compile-go
actually combines the process of compiling
and generating executable codes into one
step. The binary codes are generated by
straightforward algorithms without optimi-
zation, because code optimization would re-
quire more complex program logic and make
the compiler even larger. Separating compila-
tion and translation into two steps signifi-
cantly reduces the size of the compiler.
Local optimization techniques can also be
applied during translation. Code optimiza-
tion will be discussed later. Since p-codes are
designed to be machine independent to
make the compiler portable, the translator
is responsible for producing efficient codes
for a target computer.

Designing the Run Time Routines

Run time routines form an essential
part of all compiler-interpreter systems in
microcomputers. l.arge computers can do
fixed point, floating point and decimal
arithmetic with 32 bit or larger word sizes
in single instructions. Many microcomputers,
on the other hand, can do only basic integer
arithmetic with 8 bit words (bytes). There-
fore, multiple instructions are needed to im-
plement 16 bit operations like multiply,
divide, subtract, logical operations and
multibit shifts. The run time routines, some-
times referred to as run time support pack-
age, are a collection of subroutines written
in assembly language that can be called by

various arithmetic and logical operations.
Usually they include subroutines for 10 con-
version between ASCII and binary data.

The design of run time routines for our
compiler system is based on three principles:

® Fast implementation and clarity: A
straightforward approach is followed
so that the overall package can be de-
bugged and tested quickly and modi-
fied easily.

® Speed: The best known algorithms
are used for computer arithmetic to
achieve fastest execution speed pos-
sible. However, tricks such as self-
modifying code are not used.

® Memory storage: The package is ex-
pected to be fairly compact. Since
p-codes are translated mostly into sub-
routine calls, the number of instruc-
tions to set up arguments to be passed
to the subroutine should also be
minimal.

As described in part 1, the p-machine has
a data stack and four registers: stack pointer
T, base register B, program counter P, in-
struction register |. Since the translator takes
care of the program counter and p-code in-
structions are not needed after translation,
all we need are the stack pointer and base
register. In the current version of our run
time routines, contiguous memory storage
is used to represent the data stack. For the
sake of program clarity and easy debugging,
the 8080 machine stack is not used, al-
though using it for dual purposes as a data
stack and temporary storage for normal pro-
gram logic is possible and probably more
efficient.

Figure 1 shows the structural differences
between the p-machine stack which we im-

piler-interpreter  systems. an interpreter or any program to perform plement and the 8080 machine stack. Since
Structure Example Step Input System software Qutput Remarks
interpreter BASIC, APL 1 source interpreter Most popular for microcomputers.
interpreter program (execution) Advantage: conserves memory space.
Disadvantage: very slow execution
speed.
compiler- BASIC-E, 1 source compiler intermediate | The interpreter may overlay the
interpreter Pascal program code compiler to save memory space.
compiler 2 intermedi- interpreter Advantage: faster execution speed.
ate code (execution)
compile-go WATFIV,PL/C 1 source compiler executable Oniy used in large computers.
compiler program code Disadvantage: size is too big for
microcomputers.
compile-link-go FORTRAN IV, 1 source compiler binary Widely used in large computers,
PL/l, COBOL program code Advantage: fast execution speed.
compiler 2 binary linking loader executable Disadvantage: requires more system
code code resources.
compile-transiate-go Pascal 1 source compiler p-code Advantage: size of compiler is
compiler program reduced, fast execution speed,
(by authors) 2 p-code translator executable increased portability, easy
8080 code implementation.
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integer data is stored as pairs of 8 bit bytes
(character strings are stored as single dimen-
sional arrays, two bytes to each element and
only the low order byte is used; see descrip-
tions in part 1), each load instruction incre-
ments the stack pointer by 2. The order of
the byte pair is arranged as high-low because
it is more convenient to use than low-high.
The stack pointer always points to the low
order byte of the 16 bit integer, which is on
top of the stack.

Register pair D,E is dedicated for use as
the stack pointer, while registers H and L
are mainly used for 16 bit operations such as
DAD, LHLD, SHLD and PCHL. When
needed, register pairs D,E and H,L can be
easily exchanged using the XCHG instruc-
tion. Since the base address remains un-
changed within a procedure block, a 2 byte
fixed memory location (with symbolic name
BB) is used to represent the base register.
The LHLD and SHLD instructions are used
to retrieve and update the base address
value. A summary of register assignments for
implementation of the p-machine is shown
in table 2.

Coding the Run Time Routines

Most of the subroutines are easily under-
standable. The routines for load, store, call
and load constant are coded by direct trans-
lation from the interpreter program to 8080
assembly language, keeping in mind that
each stack element (one data item) occupies
two bytes. The routines for arithmetic and
logical operations and 1O conversions re-
quire more programming effort. In general,
single operand functions such as negate,
logical not and increment are performed one
byte at a time in register A. Double operand
operations such as add, divide and logical or
are performed with register pairs H,L and
B,C. The entire runtime package occupies
about 1 K bytes of memory. The following
are remarks on coding some of the not-so-
trivial subroutines.

PUSH and POP: for most double operand
functions, subroutine POP is called first
to get the two operands from the stack
(memory) and put in register pairs H,L (first
operand) and B,C (second operand). After
the operations, subroutine PUSH is called to
put the result from H,L back onto the stack.

Add and subtract: since DAD (double
precision add) is the only 8080 instruction
for double operand 16 bit operation, sub-
traction is done by adding the 2’s comple-
ment of the second operand to the first. A
message will be issued if overflow occurs and
execution continues without any corrective
action. The condition for overflow is de-
tected by the rule:

MEMORY MEMORY
LOCATION LOCATION
X+n n je—TOP OF STACK Y (o)
o Y- |
.
. .
o .
A .
°
X + 1 1 [}
X o Y-n n le—TOP OF STACK
P-MACHINE STACK 8080 MACHINE STACK
PUSH: INCREMENTS STACK POINTER PUSH: DECREMENTS STACK POINTER

Figure 1. Differences between p-machine and 8080 stacks. This figure shows

n+1 entries on each of the stacks.

P-machine 8080 run time routines
P: program counter PC
T: stack pointer D,E register pair
B: base register memory location BB {16 bits)
I: instruction register —
data stack memory storage
Table 2: Register and storage assignment for runtime routines.

if [sign(arg.1) ® sign(arg.2) ® carry
@ sign (result)] = 1, then overflow;
otherwise nothing.

MULT16: 16 bit signed multiplication is
done in two stages using an 8 bit multiplica-
tion routine. First, multiply the second
operand by the high order byte of the first
operand; the result is in register pair H,L.
Second, continue the muitiplication (left
shift and double add) with the low order
byte of the first operand; the result is in
register pair H,L. This method is very effi-
cient. In comparison, conventional 16 bit
multiplication routines require more PUSH,
POP and XCHG instructions because there
are not enough registers to shift two 16 bit
words and also update a loop counter. Over-
flows are ignored, as this is the usual practice
for integer multiplication.

DIV16: 16 bit signed division is one of
the most difficult routines to implement.
First the signs of both operands are saved on
a stack and are then converted to positive in-
tegers (actually the divisor is made negative
in 2’s complement because subtraction is
done with a double add instruction). The
divisor is also checked for zero value, and if
so, a DIVIDE CHECK message is issued and
the routine returns. Division is carried out as
a sequence of subtraction and shifts. At the
end, the signs of the quotient and remainder
are corrected according to the original signs
of the operands. The same routine is also
used for calculation of the MOD function.
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Relational operations: are done by com-
paring the high order and then the low order
bytes of the operands. For testing less than,
less than or equal, greater than, greater than
or equal conditions, a common subroutine
for testing less than is used. Register pair
B,C is used as a flag to indicate whether the
opposite of less than and equal to is wanted.

SHL and SHR: the logical left shift and
right shift routines are symmetric in the
sense that a negative argument (second op-
erand) for the number of bits to be shifted
will cause one routine to jump to the other,
resulting in shifts in reverse direction.

INNUM: the conversion subroutine for
input integers allows leading zeros and
blanks and may optionally be preceded by
a plus or minus sign (+ or ). It also checks
for the absolute magnitude of the integer,
which must be less than 32,768.

OUTNUM: conversion of binary integers
to ASCII is done by repeated division by 10.

The 16 bit divide routine is utilized.

P-code Translation

In general, p-codes are translated to sub-
routine call instructions which jump to the
appropriate entry points in the run time rou-
tines. Output from the translator is an 8080
machine language program containing
mostly subroutine call instructions. Some p-
codes, such as load and store, require addi-
tional instructions to set up the arguments
to be passed. Address offsets are always
placed in register pair B,C and the static
level difference is placed in register A. The
jump instruction in p-code simply becomes
a JMP instruction in 8080 with the correct
address determined by the translator. The
p-code addresses in CAL and ]JPC instruc-
tions are similarly taken care of by the trans-
lator. The complete list of 8080 code cor-
responding to each p-code is shown in
table 3.

Hexadecimal Hexadecimal
Op code P-code 8080 Mnemonic Commentary Op code P-code 8080 Mnemonic Commentary
00 LIT O,n LXIl B,n 04 CAL v,a
CALL LIT
a) v=0 CALL CAL
01 OPR 0,0 JMP  POO; procedure return JMP  x
routine
OPR On CALLPn ; one of the 21 b} v>0 MV A,v
arithmetic/logical CALL CAL1
routines JMP  x
02 LOD vd
c) v=255 CALL CALA; machine language
a) v=0 LXI B,2d subroutine interface
CALL LOD
05 INT O,n LXI H,2n
b) v>0 LX1 B,2d CALL INT
MVI Av
CALL LOD1 06 JMP 0,a JMP  x
c) v=2565 CALL LODA; load absolute address 07 JPC 0,a LDAX D; get conditional code
DCX D
12 LODX vd DCX D; decrement stack
RAR H pointer test condi-
a) v=0 LX!l B,2d JNC  x tional code
CALL LODX
JPC 1,a (same as JPC 0,a
b) v>0 LXI B,2d except JC x}
MVI A,v
CALL LODX1 08 CSP O,n CALL SYSn; one of the 6 con-
{n=0...5) version routines
03 STO vd
for n=8: {output a string)
al v=0 LX1 B,2d
CALL STO LIT 0,c1 MVI  C,n; = of char.
LIT 0,c, CALL SYS8
b) v>0 LX!1 B,2d . DB cy
MVI Ay DB Coy
CALL STO1 .
LIT O,c,
c) v=255 CALL STOA; store absolute address LIT O,n .
CsP 08 DB ¢,
13 STOX vd
Table 3: P-code to 8080 translation. LIT, LOS, STOXI, INT, LODA, etc,
al v=0 é,)l(\lLLg'ngX are used as symbolic entry points in the runtime routines. There are 22
routines for the OPR instructions: POO, PO1, . . ., P2]. There are seven stan-
b) v>0 LX! B,2d dard routines for 10 conversion: SYSO, SYSI, . . ., SYS5 and SYS8. The
?:"X IlL §+"c)x1 variable x is used as the memory address in the translated 8080 code corre-
sponding to p-code address a in a call and jump instruction.
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FIRST PASS

SECOND PASS FIX UP

INITIALIZE: PROMPT
USER FOR ADDRESSES
OF P-CODE, 8080, STACK
SET PC:=z0; W:=0;

GET NEXT P-CODE

i 1

T(WO+1): = 65535
INITIALIZE ARRAY D N:=0;
TO 2EROS

SET PC:=0; Ki=l;
Ui=T{1); W:=1;

INCREMENT N

GET NEXT P-CODE
K:=K+l; RO:=0;
V:=0;

NO

lop coot.caL |

Fop cooe-caL
_Aor ume |
- |OR JPC

|
-

OopP CODE
=255
B

P:=E{N);
J:=VALUE OF 16 BIT
WORD AT MEMORY

W.= W+ |
T(W):=ADDRESS IN
CAL OR JMP OR
JPC INSTRUCTION

I

[

BUBBLE SORT
THE ARRAY T

1

SET WO.=1;1:=1;

188

INCREMENT 1

I<wW NO
2
YES
YES
NO
WO = WO +I
T{WO):= T(I);

S
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LOCATION P

|

PUT DI(J) IN
MEMORY LOCATION P

D{w):=P; ___—__J

Wi=W+l; RO:= 1
U= T(W);

V=1,
OP CODE:=0P CODE-16

OP CODE

Figure 2: A simplified flowchart of the translator. A0, Al, .. .A8 are pro-
gram segments for generating 8080 code for the p-code with peephole optimi-
zation as illustrated by the rules in table 4. Refer to table 5 for a description
of the variables.



d) Write the correct address A back to
memory location P.

Figure 2 is a simplified flowchart of the
translator. The part for code generation is
not shown, but it can be casily understood
by referring to tables 3 and 4. Table lookup
is done by binary search through the sorted
table. The table elements are entered sequen-
tially during the first pass. A simple bubble
sort algorithm is used to sort the table. This
method works fine for small Pascal pro-
grams. For larger programs, and thus more
referenced addresses, the bubble sort algo-
rithm is too slow because the number of
comparisons is of order n2 for n elements. A
binary tree sorting algorithm with order
n log n will be used for our next version of
the translator.

The various entry points in the runtime
routines are initialized in the translator as
a series of string constants. These hexadeci-
mal addresses are converted to integers and
placed in arrays so they can be accessed
very easily Later on.

When execution  begins, the program
prompts the user for starting addresses of
the p-code program, the output 8080 code,
and starting and ending addresses of the
data stack. The following three instruc-

tions are generated to initialize the data
stack and pointer:

LXIH,STK1 starting address of data
stack.
LXI D,STK2  2’s complement of stack

ending address.
runtime routine {initiali-
zation)

CALL #1A00

The program then begins its first pass.
The number of address references and actual
number of referenced addresses are dis-
played at the end of the first pass. During
the second pass, cross references of p-code
and 8080 addresses, which may be useful for
future references, are listed in hexadecimal
form. At the end of the translation, sizes of
the p-code program and 8080 code are
displayed.

Code Optimization

Code optimization is a tcchnigue em-
ployed by most compilers to improve the
object code produced. Many sophisticated
code optimization techniques are known
today but are outside the scope of this
article. We shall describe only one form of
local optimization technique which is be-
ing used in our project. Local optimization

Table 4: Summary of peephole optimization. The goal is to reduce the size of the object program. The optimized code is more
efficient than the unoptimized 8080 code. For the redundant store fix, the load instruction cannot be referenced elsewhere in

the program.

Source of optimization Example P-code 8080 code Optimized 8080 code
Redundant jump beginning of a procedure n: JMP 0,n+1 JMP X no code generated
tstructions without inner procedure
Redundant loads J:=J+5; A[J) :=X; STO v,d {as usual) {as usual)
and stores * LOD v,d {as usual) INX D: increment stack
INX D: pointer
Repeated load of AlJ] =A[J]+Y; LOD v,d (as usual) {as usual)
the same variable LOD v,d (as usual) CALL P21; copy
INT instruction procedure call without INT 0,0 LXI H,=0000 no code generated
with small constant parameter CALL INT
procedure call INT 0,n LX} H,2n INX D} repeat n tlmes)
CALL INT INX D (n >0
(-3<n<2)
DCX D} repeat n times
DCX Dy \n<O
Load negative B:= —20; LIT o,n LX1 B,n LXI B,—n
constants CALL LIT CALL UIT
OPR 0,1 CALL PO1
Add and subtract array subscripts LIT o,n LXI B,n CALL P13;increment
small constants AfJ+2]:= CALL LUIT (repeat n times)
(n = 3) B[K—1]):= OPR 0,2 CALL P02
L:=L+1;
LIT 0.,n LXt B,n CALL P20, decrement
CALL LIT (repeat n times)
OPR 0,3 CALL PO3
Load zeros P:=0; LT 0,0 LXI B, =0000 XRA A
CALL LIT INX D
STAX D
INX D
STAX D

*Must be an unreferenced p-code
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cution of a sample Pascal program. The pro-
gram is stored in a disk file with file name
T4. It is a sorting program that uses a binary
tree algorithm. As mentioned before, it is
more efficient than a bubble sort algorithm.
The two subroutines in this program will
be used in our next version of the translator
(written in Pascal). The main program hegins
by asking the user to input an integer K (K
must be less than 110) for the number of
items to be sorted. It then reads the K+1
bytes of data starting from hexadecimal
memory location 1A00 (the location where
runtime  routines  are stored). The data
items are read one at a time and procedure
ENTER is called to build a binary tree with
these items. Procedure TRAV is then called
to traverse the tree recursively in the “left
subtree..root..right subtree” fashion and the
data with sorted order is placed in array S.
Finally, array S is printed.

The p-compiler generates 145 p-codes (0
to 144) for this program. Afterwards, it uses
a CHAIN statement (North Star BASIC) to
foad the translator program from disk, and
overlays the compiler. The translator begins
by asking the user to input memory ad-
dresses  of runtime routines, p-code pro-
aram, output 8080 code and data stack. At
the end of the first pass, 20 address refer-
ences are recorded. After sorting, it is found
that there are only 15 actual labels. Output
from the second pass of the translator is a
cross-reference of p-code program counter
and memory addresses of the corresponding
translated 8080 code. The leftmost col-
umn is the p-code program counter. Hexa-
decimal memory addresses are printed in
groups of 15 per line. With the exception
of the first one, only the two low order
hexadecimal digits are printed. At the end
of the second pass, 11 forward references
are recorded. A total of 766 bytes of 8080
code are generated. Compared to the size
of the p-code program, the translated code
is 1.32 times larger. This ratio usually
ranges between 1.05 and 1.35, depending on
program structurc and the types of state-
ments used.

After translation is completed, control is
transferred to the disk operation system
(DOS). The runtime routines are loaded
from the disk file, PAS.LIB, to hexadecimal
memory  location TA00. Then execution
may begin by typing a JPxxxx command
(jump to xxxx), where xxxx is the starting
hexadecimal memory address of the trans-
lated code. In listing 1, two sepdrate runs
are shown: the first one sorts eight numbers
{K+1 with K = 7) and the second sorts 21
numbers. The user may get back to BASIC
by typing JP2A04, where 2A04 is the entry
point of BASIC. (The command 'CHR$(129)

—
(2]
!

table of p-code address labels

O
©»
|

— table of forward references

— count of address references

count of actual labeis

— count of forward references
p-code instruction counter

— memory location of current p-code

O
I

— current op code
— =1 means indexed load or store

CR<MOXROZEM
{ |

Table
shown in flowchart form in figure 2.

P-CODES STARTS WT (@@

=1 means current p-code is being referenced
— program counter of the next referenced p-code

— 8080 program counter of the transiated code

49
a1
Fé
45
Az
F2

]33
(@3

11

table of 8080 address corresponding to address labels in array T$

5: Table of important variables and arrays in the translator program

Listing 1: Compilation
and translation of a
sample Pascal program.
At the end of the trans-
lation, the ratio of p-
code to 8080 code is
determined for refer-
ence purposes.

4F
Y
FO o@s
4C sz
aE
FE
48

1

A8
F&
45
849

cc ne

WANT CODE PRINTED?H
@ 7¢74
@ ( FGM -- SORTING EY EINRFY THEE
@ URR I, LK,N,NEW INTEGER.
1L T,L.R,S-ARRAYL L18] (OF INIEGER.
-
1 PROC ENTER(H).
1 URK - INTEGER.
¢ BEGIN J. =@,
S KEPERT
S IF N<=TLJ) THEN
3 IF LOJJe:d THEN 0 =L ()
v ELSE BEGIN L) =NEW. . -0t
24 ELSE IF ROJ1«>@ THEW O =F([.:
3z ELSE BEGIN FL[.)Y =HEUW.. = LHO
339 UNTIL J=@.
42 TINEW] =HN,NEW =NEW+!
48 ENOD.
51
51 PROC TRAVUCJ), { TRAVERSE THE TREE
51 BEGIN IF LIJIC>0 THEN TRAUCLLOG).
62 SIKY =T(J]; K =K+1,
ve IF RESICOB THEN TRAUVCRLJID)D
79  END;
8@
&@ BEGIN (MRIN:
8@ T(0B) =255, NEW =@;
86 RERD(K#);WRITECLZ,16),
9z FOR 1:=6 TO K 00 BEGIN
99 L{Y) =6,KR{11 =@, ENTERCMEMII+%1AG@Y Y ENQO.
116 K =8; TRAW(@)>;
121 FOR 1 =@ T0 K-1 DO WRITEC' ' .S(1)#).
1400 WRITECLZ,16)
144 END
INTERPRETCL ), QF TRANSLATECT)H?T
X% P-CODE 7O 8@8é TRANSLATION ¥¥x
nOOF VHEX) OF PAS LIE: 1AGa
ALOK CHEX) OF P-CODE @00a
HOOR CHEX) OF QUTPUT gage rFGM 880&
STACK STHRT ADDR (HEX) 5S@0a
STACH END ADDOR <CHEX ) VFFF
28 REFERENCES
13 RCTUAL LABELS
0 62y el aC 12 1V 10 22 29 X1 24 2R 41
1S5 Be%8 LB o6 60 6F 75 70 85 &A 9@ 93 99
3G eck@é ke BE C4 €7 (0 0US DD EZ E& EE FZR
S @Yak 13 1K 21 LE 26 29 29 ZF 35 20D 42
6@  @35A B €4 &0 7o TR 82 &A 90 S0 95 9R
S 89BZ EBR® (@ (& (A CD 02 O& DE F4 ES EF
9@ @Ral 67 @A AF 1S LR IE 24 27 ZF 24 39
185  B8ASA L6 S5C 5F €2 65 6A 7@ 73 P4 PC 7
126 @A%4 96 9B Al W7 A0 mA AD BRI BE BD (2
135 @Rl OR OFE E4 E7 E9 EF F2 F8 FR FE
11 FORWARD KEFEPENCEZ
F-CODE 145 INSTRUCTIONS
&880 .. V66 BYTES
F-CODE &B8@ = 1 3206897
¥ END TRANSLATION ¥
BYE
ALF PRS . LIB 1RG0
IFUgE0
v
29 34 34 34 43 43 235 24l
1Ipagea
rze
6 L 5% 25 29 29 32 33 34 34 EL L 40 42 4z
¥JPzna4
READY

CHR${129)
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is an immediate BASIC statement used to
turn off the printer.)

Summary

Compilers for high level languages are
large, nontrivial programs. Their implemen-
tation usually requires a significant amount
of computer system resources and human
effort. Although our available system re-
sources were limited, both in hardware and
software, we managed to finish the boot-
strap compiler within a relatively short
time period. The reason is obvious: The
Pascal subset we implemented is small. We
followed the same approach professionals
use for implementing portable Pascal com-
pilers on mainframe computers. Syntax dia-
grams, which define the subset language, are
used to construct the syntax directed, top-
down parser of the compiler. The generation
of p-code is also syntax directed. P-code is
relocatable and portable, and its interpreter
can be easily implemented on most micro-
computers.

There are several features that are unique
to our compiler project. First, the bootstrap
compiler was written in BASIC (North Star
disk BASIC). Although BASIC is not an ap-
propriate language for compiler writing, it is
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The p-code to 8080 conversion program (written in North Star BASIC),
the 8080 runtime routines, and a reprint of the 3 part article ‘A ‘Tiny’ Pascal
Compiler” are available from the BYTE Listing Service for $3 postage paid.
Please use the coupon below and order BY TE Listing #LS57100.

Please send _copies of BYTE Listing=___ at$.

Check Enclosed

Bill my BAC # __Exp Date _ . -
Bill my MC #® . __Exp Date__ _ __ __
Name — S
Street R N
City State Zip Code -
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the only high level language available in our
system. Its ability to perform recursive func-
tion calls proved essential in simplifying the
implementation of the compiler. Secondly,
instead of writing a p-code interpreter in
assembly language, a p-code to 8080 ma-
chine code translator was written in BASIC.
The translated code can be expected to run
more than twice as fast as interpreting p-
codes. A p-code interpreter with debug facil-
ities was also written (in Pascal). It can be
used to debug p-code programs. Thirdly,
minor extensions to the subset language
were implemented. Absolute addressing of
memory locations and machine language in-
terface are desirable features for microcom-
puter systems. The availability of hexadeci-
mal constants and 10 conversions provides
much user convenience.

Presently, the bootstrap compiler is very
slow. It compiles at the rate of about eight
lines per minute for a very dense Pascal pro-
gram (using North Star BASIC with a 2 MMz
8080 processor). With some refinement in
the compiler and runtime routines, the
Pascal version of the compiler can be ex-
pected to run 25 times faster, or approxi-
mately 200 lines per minute.

Completion of the bootstrap compiler is
only a milestone in our compiler project.
There are many tasks still to be done.
Logically the next step is to write the trans-
lator and then the p-compiler in the Pascal
subset and compile them using the BASIC
version of the compiler. Since the com-
piter source and p-codes are big, there
may be a minor problem in memory man-
agement. It may be necessary to write the
p-codes onto disk to save memory. After
these two programs have been debugged, any
further development can be done in Pascal
without the BASIC interpreter. It would be
quite interesting to have the compiler (in
object code) compile itself {in source code)
and use the output object code to compile
itself again. After cach compilation, the ob-
ject code could be compared with the previ-
ous one to provide a means of verification.

More Pascal features or extensions can
be implemented one step at a time. They
may include character type and pointer type
variables, disk 1O capabilities, floating point
arithmetic, multidimensional arrays and
built-in functions. It is also necessary to im-
prove the error diagnosis and recovery
scheme of the compiler. Further develop-
ment should be aimed at user convenience.
A dynamic debugging package that can dis-
play and alter the values of variables as
specified by name at runtime would be
desirable. Ultimately, we hope to see a
Pascal system that is as convenient and easy
to use as an interactive BASIC system.m
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Post Office Box 3097 B e Torrance, California 90503

This is a one time purchase of
NEW Surplus keyboards, re-
cently aquired from the Tele-
communications Division of the
Singer Corporation,

The keyboard features 128
ASCII characters in a 63 key
format, MOS encoder clrcu\tr‘y
"N key rollover, lighted shift
lock, control. escape and re-
pete functions.

Sloped pannel and positive feel
switches, makes this profes-
sional quality keyboard an ex-
cellent buy at only $64.95.
Limited Quantities.

CLARE-PENDAR

General Instrument Corp.

KEYBOARD
ASCII ENCODED

BET
Q

SON|DC3[EOT] ACK
A F

ETRE
REPEAT w E

AN
ST Z IXJC (VBN

SPACE

S- 100 Mother Board

The Qulei Buss from California Industrial Is
quality enginearad No short cuts hava been taken
to produce this mother board, Active termination
circuitry prevents noise and crosstalk. Manutac-
tured from extra neavy FR.4 epoxy glass.

; 'MODEL 43

Even if we have to give them
away, wa're going to ship more
43's in 1979 than the aggregate
of ali our compaetitors.

Model 43AAA (TTL)
EACH 3 10 25
$925. 875. 850. 825.

RS-232 interface™K" Add*7500

. Teiavves
plus
shipping

Maxi-Switch hexadecimal keyboards are designed for sa 4 95
microcomputer systams that require 4-bit output 1= B
in standard hex code. .
Each assembly consists of 16 hermetl

cally sealed reed swilches and TTL “one,

shot"" debounce clrcultry

Reliable iow friction acetal resin

plungers are credited for the smooth

operation and long Iite of this premium

keyboard.

Requires single + 5 volt supply.

DIGITAL
ALARM CLOCK
Completely 51995

Assembted

Wainut-grained decorator clock features large .7* LED display which Is
driven by the new Natlonat MM5385 alarm clock chip Preset 24-hour alarm
funciion allows you to awaken at tha same tima each morning without
resatting. Upon reaching the wake-up lime, the clock’s loudspeaker emits
a gentle tone. Touch the snooze button and doze off for an additional 9
minutes of sieep. Ciock also tunctions as a ten-minute slapse timer.

“Alarm Sel” indicator, AM-PM display.

SPECIAL
APPLE Il

IBK MEMOR

COLOR  GRAPHICS* SOUND

$1024

S- 100 PROTOTVPE BOARD
sty uu?é" i u&nd:‘«“u

CONNECTORS

your choice

FROM ATARI
COLOR TELEVISION
R.FE. MODULATOR

The Atan RF Modulator
altows computer data 10 be
dispiayed diractly upon your
existing television system
This und converts the sig
ral trom the Apple H and
other video sources into
television frequencies
Operates trom singie 5
voit supply Complete

DB25P
male plug & hood
GOLD
100 PIN
IMSAI/ALTAIR

Imsai solder.125x.250 $4.95 3/410.00

Imsai w/w.125centars $4.95 3/413.00

Altair soldertall .140row $5.95 3/415.00
PECIALS

n

Trow o LUNIVAC
KEYBOARD

The tamous Sperry Uniac 1710 Hollersih kayboard assembly
15 now available trom Calfanva Industrsl for only $24 88
The idea) computer inpul device for accountants snd
mainemanicians The numeric keys are placed on the ower
three rows to resembie 3 tan key adding machine This

A o L EeTEl
Iormar Sicws ane Danced mmwrc Gty vy
Onginai cost was $38¢ sed Dul guarantsad in excelient

Y g AF connector and 15
feet of coax cabie. Schematics
Combon Comptate i documarianon Rssambled and insiructions included
ess decodl
|Mlnq for 5100 sysﬂmlss

Potter & Brumfield LED 4 DIGITAL
REED RELAY |Darkrooml|z==::
Tlmer ® Kit pm|Cs S bus butter & do-

Sholt coil,pulls3.5v. ST
As featured in the August 'T8 issue

of POPULAR ELECTRONICS.
Time 1 second to 10 hours

53 4-9 § Infor

upon request.

<

Pl

11} 25sﬂfemale
$395

Qty. fe. male hd.

10 345 2.45 115

25 3152.251.05

100 2.851.90 .95

500 2.251.60 .85

18 187137 .73
22t

SCgle

DISKETTES

8inch Soft(sm)
8inch 32sector
Mini Soft sec.
Mini 10 sector
Mini 16 sector

MEMORY

DYNAMIC
4115 8Kxl 11.95
4116 16Kx1 13.95
(Apple II & TRS80)
4164 64kxl  * * *

Mig. Sug.
Retail....

$1195

$1.95 3/‘5 00

22/44 Kl- -ymt 156"
l1 6 $1.08 3/$2.00
de nll w/w.156  $1. 95 3/55 .00

25/50
36/72

Certified Digital
CASSETTES

Wow't drop a BIT!

650

‘498

oYSTICK sq
10 far 348, 3 S0

CALIFORNIA
INDUSTRIAL
is an
Avthorized
Desler of
Scotch Brand
Data Pr:duds

more.
WWI00-Wire wrap bread-
board, similar 10 the GPIOO
Allﬂws wire wrop of oll sizes

This joystck feature four 100K potentia- of sockefs in ony sizes

metfers, that vary resistance proportional fo
1he angle of the stick. Pertect fay talevision
gsmes, quad stereo and radio controkied
aercrafl

sockefs n any combinorion,
An extra

10 100 1K 1o
for e vonage Soplca.

97 79 65

SPST

Digital Cassetie Urive

COMPUTER CONTROLED

This precision /O assembly features
remote software controlied search
capabilities. Two independent capstan
drive motors allow the computer to
control direction and speed of the
transport.

The assembly consists of a Raymond
cassette transport, chassis, mother-
board and three edge cards: read/write,
capstan drive & control card.

Current replacement valued at over
$700.00. Schematics and complete
documentation included. USED, but in
excellent condition.

MINIATURE

switch SWITCHES

en position
BCD

$139ea.
1080

1-7 8-32 32+
11.50 *
13.00 12.25

your choice
s 10 50 100 1k
'98 588 .81.73 .66
SPDT Miniature Toggles
7101 C&K ON -NONE-ON
7107 jbt ON-OFF(mnt.ON)
7108 CK_ON-(moment, ON)
Rocker JBT ____ DPDT
Rotary
Rotary -
Push B (N.0) $.39ea.4/$1

DIP Switch
$149 10 28 loo 1k
2 o129 105 37 B3

® As vou may be awuare, publishers CAPACITORS
require advertisers to subnit their

ad copy 60 to 90 days prior to "'press’

date. That much lead time in a volatile market place,
such as memory circuits, makes it extremely difficult
to project future cost and availability.

To ubtain the best pricing on memory we have made
votume commitments to our suppliers, which in turn
affurds us the opportunity to sell these circuits at the
most competitive prices. Please contact us 1f you

if you have a demand for voluine state of the art meni-
ory products.

STATIC 32-99 100-5C

217.02 450n8S. . 1.
21L02 250nS.
2114 1Kx4 450
2114 1Kx4 300
4044 4Kx1 450
4044 4Kx1 250
4045 1Kx4 450
4045 Thx4 250
5257 low pow.

SPECIAL CIRCUITS

ELECTROLYTICS
ea 10 50
80,000/10v. 395 349 295
4500/50v.5149 135 19
1000/15v 555 49 45
axsal

$12 09 .07
.06 .05 .04

1dise

Page Wire Wrap Kits 1 dise

precut & stripped

KIT No.l ‘635

900 Assorted Lengths

KIT No.2 #1995

_999 1K+ Gvdc,140mA 5139

.95 .89 7vdc, 1.4 A. 550

N 9vdc 200maA. 1.19
6.00 Conductor 10 vAc,300mA. 195 o
[RIBBON WI R

TWISTED PAIR

Transistors
5 g4 es. 10 50 100
2N2222A .20 .18 .16 .15
2N3055 .69 .65.59 .55
MJ3055 .79 .75 .69.65
2N3772 159 149132129
2N3904 .15 .11.09.07
2N3906 .15 .11.09.07
Diodes
025100
1N4002 100v. .08 06.05
1N400S 600v..10.08.07
1N4188 signat 07 0508 | 510598

mbo rcd €a. 10 25 100 20 50 100 ™ E A
s H51311.09 | 16 14« 12¢
213 679-9001
Afl merchandise xold by Calltornia ndustrlel Is premium grade
Qrders are shipped the same day recelved.
PLEASE INCLUDE $1.00 SHIPPING ON ORDERS UNDER § 15 00

Callfornia residents add 6'. nales 1ax + Money back guarantee.
Sorry, no COD's o foreign orders add 10%

Credit cards accepted, $20 minimum

DISCOUNT
Wire Wrap. Center
IC SOCKETS Q

wire wrap  low profile
2. 25 50 e 25 50

1716 1§
18 17 16
19 18 17

1€ 0D DE D

*
¥
*
*
*
7

6.

ZBOA 4 MHz. 24.
8080A CPU 9.t
8085 2%
8086 Intel 16 hits *
TMS 9900 16 biis

AY5-1013A UART 4.95

Floppy Ihsc Controllers
WD 1771 single D. 39, Y5
WD 1781 Double D 65. 00
WD 1791 /D2 3740 *

Qutput:
12v.ct. 175mA.
TRANSFORMER

TRIMMER

POTENTIOMETERS
2K 5K 10K 50K

duty grounded
power cord and mating
chassis connectors.

PANASONIC

3736 35
38 37 36
99 93 85 36 35 34
169 155 139 63 60 58

KYNARM:

500 1,000 11,000
$9. 515. $105,

16-63 64+
00

00

EPROMS 1-15
17024 2K 4.95 4.50 4.
2708 8K  9.95 9.30 9.
16K 19.95 * *

* * *

BW630

0% HOBBY WRAP-10
wire wrap & steip tool

501t
s $5545
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8-pin pch .20 ww .35 guggg?’ ’;':": (2N2222 Piastic .10} 12
1N4ANQ5 600v 1A .08 14-pin pcbh .20 ww .40 . .
IN4OO7 1000 1A 15 16-pin  pcb .20 ww 40 Nooes  NEN (e Onmerked i
1N4148 75v 10mA .05 18-pin pcb .25 ww .75 2N 3054 NPN .35
1N4733 5.1v 1 W Zener .25 22-pin  pcb .35  ww .95 2N3055 NPN  15A 60v .50
IN753A  6.2v 500 mW Zener .25 24pin  pcb .35 ww 95 LED Geen, e Ciear: Yollom it
TN758A 10v “ .25 28pin  pcb 45 ww  1.25 D.L.747  7seg5/8" Migh com-anode  1.95
1N759A 12v " 25 40-pin pcb .50 ww 1.26 MANZ;%HO ; seg com~anocdi: :geadr)‘ 0 }gg
I N seg com-ano r. .
:zgg:za :2: - gg Molex pins .01 To-3 Sockets .25 hMAﬁ‘NBZA 2 seg Com_anor?ed(\((.;gv:) }gg
IN52458  15v " 25 2 Amp Bridge  100-prv 95 D356, 7 s comeathode (Rea) 125
25 Amp Bridge  200-prv 1.95
C MOS - TTL -
4000 .15 7400 .10 7473 .25 74176 .85 74H72 .35 745133 .40
4001 .15 7401 15 7474 .30 74180 .55 74H101 .75 745140 .65
4002 .20 7402 .16 7475 .35 74181 2.25 74H103 .65 745151 .30
4004 3.95 7403 .15 7476 .40 74182 .75 74H106 95 745153 .35
4006 .95 7404 10 7480 .65 74190 1.25 745157 .75
4007 .20 7405 .25 7481 .75 74191 .95 74100 .25 745158 .30
4008 .75 7406 .25 7483 .75 74192 .75 74102 .20 745194 1.05
4009 .35 7407 .55 7485 .65 74193 .85 741.03 .25 745257 18123) 1.05
4010 .35 7408 .15 7486 .25 74194 .95 74104 .30
4011 .20 7409 15 7489 1.05 74195 .95 74110 .20 741500 .20
4012 .20 7410 15 7490 .45 74196 .95 74L20 .35 74LS01 .20
4013 .40 7411 .25 7491 .70 74197 .95 74130 45 74LS02 .20
4014 .75 7412 .25 7492 .45 74198 1.45 74147 1.95 741504 .20
4015 .75 7413 .26 7493 .35 74221 1.00 74151 45 741.505 .25
4016 .35 7414 .75 7494 .75 74367 .75 74155 65 741508 .25
4017 .75 7416 .25 7495 .60 74L72 45 741509 .25
4018 .75 7417 .40 7496 .80 75108A .35 74173 40 741510 .25
4019 .35 7420 .15 74100 1.15 75491 .60 74L74 .45 74LS11 .25
4020 .85 7426 .25 74107 .25 75492 .50 74L75 .65 74LS520 .20
4021 .75 7427 .25 74121 .35 74193 .55 74LS21 .25
4022 .75 7430 15 74122 .65 741123 .85 74LS22 .25
4023 .20 7432 .20 74123 .35 74H00 .15 74LS32 .25
4024 .75 7437 .20 74125 .45 74HON .20 74S00 .35 741837 .25
4025 .20 7438 .20 74126 .35 74HO4 .20 74502 .35 741538 .35
4026 1.95 7440 .20 74132 .75 74H05 .20 74503 .25 741540 .30
4027 .35 7441 1.15 74141 .90 74H08 .35 74504 .25 741542 .65
4028 .75 7442 45 74150 .85 74H10 .35 74505 .35 741551 .35
4030 .35 7443 .45 74151 .65 74H11 .25 74508 .35 741574 .35
4033 1.50 7444 45 74153 .75 74H15 .45 74510 .35 741586 .35
4034 2.45 7445 .65 74154 .95 74H20 .25 74S11 .36 741LS90 .55
4035 .75 7446 .70 74156 70 74H21 .25 74520 .25 741593 .55
4040 .75 7447 .70 74157 .65 74H22 .40 74540 .20 74L8107 .40
4041 .69 7448 .50 74161 .65 74H30 .20 74550 .20 7415123 1.00
4042 .65 7450 .25 74163 .85 74H40 .25 74551 .25 74151561 .75
4043 .50 7451 .25 74164 .60 74H50 .25 74564 .15 7415163 .75
4044 .65 7453 .20 74165 1.10 74H51 .25 74S74 .35 7415157 .75
4046 1.25 7454 .25 74166 1.25 74H52 156 745112 .60 741.5164 1.00
4049 .45 7460 .40 74175 .80 74H53J 25 745114 .65 7415193 .95
4050 45 7470 .45 74H55 .20 7415367 .75
4066 .65 7472 .40 74L5368 .65
4069/74C04 .25
4071 25 MCT2 95 LINEARS, REGULATORS, etc.
4081 .30 8038 3.95 LM320T5 1.65 LM340K15 1.25 LM723 .40
4082 .30 LM201 .75 LM320T12 1.65 LM340K18 1.25 LM725N 2.50
MC 14409 14.50 LM301 .45 LM320T15 1.65 LM340K24 1.25 LM739 1.50
MC 14419 4.85 LM308 (minn .95 LM324N 1.25 78L05 .75 LM741(8-14).25
4511 .95 LM309H .65 LM339 .75 78L12 .75 LM747 1.10
74C151 1.90 LM309K (340k-5385 7805 (3407T5) 95 78L15 .75 LM1307 1.25
LM310 .85 LM340T12 .95 78M05 .75 LM1458 .65
9000 SERIES LM311D (miny .75 LM340T15 .95 LM373 2.95 LM3900 .50
9301 85 95H03 1.10 LM318 (Min)  1.75 LM340T18 95 LM380(8-14 pin) .95 LM75451 .65
9309 35 9601 20 LM320K5(7905)1.65 LM340724 .95 LM709 (8,14 PIN).25 NES55 .35
9322 65 9602 45 LM320K12  1.65 LM340K12 125 LM711 45 NE556 .85
MICRO’S, RAMS, CPU'S, N e
E-PROMS INTEGRATED CIRCUITS UNLIMITED '
NES67 .95
745188 3.00 8214 8.95
1702A 4.50 8224 3.25
MM5§14 3.00 8228  6.00 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
MM5316 3.50 8251 8.50 - 7
2102-1 145 | 8255 850 (714) 278-4394 (Calif. Res.) DISCOUNTS
21021 175 | 8T13 150 All orders shipped prepaid No minimum Total Order  Deduct
2114 850 | 8T23  1.50 Open accounts invited COD orders accepted $35 - $99 10%
TR1602B 395 | 8724  2.00 )
TMS 4044- 9.95 8T97 1.00 Discounts available at OEM Quantities California Residents add 6% Sales Tax $100 - $300 15%
8080 89 21078-4 4.95 All IC’s Prime/Guaranteed. All orders shipped same day received. $301-$1000  20%
8212 2:92 %([JJBP'O ggg 24 Hour Toll Free Phone 1-800- 854-2211 American Express / BankAmericard / Visa / MasterCharge
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B FUGBOOKS 1 and 11 17 08 per wei
7400 TTL BUGBOOK" T = WIRE-WRAP KIT — WK-2-W__ - -
SHTI7ON y ntinuing Education Senes Sokd a3 2 se1 these two DDA " S0 expenments
3 bl " i 8 e nowrer ool WAAP o STRIP o UNWRAP |
SN7400N 18 3 SNTAI6ON 89 snchn it ot sy oo ot e e oo o'l o Tool for 30 AWG Wire
" " G, o Ry s Jecoters i
2:;:005: :: 35; 2:;::2;: , gz ot demumpierers (ED dspays AN s ROV s ancmxn en mxe | @ Roll of 50 Ft White or Blue 30 AWG Wire
SNT40IN 18 k) SN741BIN 2 $UEHOoK e 50pcs each1 2 3 &4 lengths —
X Tia 5.0
g:;:&: ‘?g s % g:;::g;: g: Wy Potor 8 Mooy, Dovid G Lorsen. WHSHYS pre-siripped wire
SNTSGN 29 ) SNTAIBEN 125 Bihocgutenlgrisemhiotgily M Ay $12.95
SNT40TN 2 59 SNTAIETN 195 Coram 10098 he RS 232 wiece Sntars. Samesa ematnnd —
SNT408N F) 9 SNT4170N 159 ~ for any RTTY enthugast
SNTa0eN 20 £ snzern 600 N sag TiER APPLIGATIONS 55 WUEBOOR T R - WIRE WRAP TOOL WSU-30
SN7410N 1% 175 SNTAITIN 125 | gnuncen0nK WITH EXPERIMENTS oy Poter A Rooy. Dovid 0 Larnen, WOAHY,. Joasthas 4 Titus WRAP o STRIP « UNWRAP -$6.95
SNTaniN I hd SNTAIZAN 89 Ruy Howard M Berlin W3HB M 1 the Book hat DUt 4 a1 “oqethe Berices havg mucr YwaADR Wit
SNZ4I2N k) 59 SN74175N 7 [l Thrs 0001 4hows you whiat tha 555 bimer 15 an0 how [0 rse 4 InCIGRD Ace over  1ReTE S0 2 LNES OF RADEIENTS M winch the TEAGET COMENYy TIDkrES e W|RE wmp W|RE 30 AWG
SN7413N 40 43 SNTA176M 79 [ 100 101008 Orrgr: Technues #Quations NG geaghs to Craate featly 1o-gn  B0B0 o pm L-v pm aM wmouum rou o vm Mark 86 'M'ow;:ilv a -
omers genenalats powes ezsuremant 4nd conlral s pary Tacommended (et you ave The Dack
Sonan . G ST e ST T IR ST Y Yo e soaaet 4 i g oo o [ 251 min $125 501t $195 100K $295 1000t $15.00
7 Anatews A3 SPECIFY COLOR — White - Yellow - Red - Green - Blue - Black
SNT4ITN 25 65 SNTAIBON 79 mmucvon S HARTAT &% .'liimlﬁox L oy VYOO RC
SNT420N 2 55 SNTABIN 195 A3 MAN , Larses Sooliae
SNTAIIN 2 i 00 SNTOIBN 19 e o o 3 eanors 1o Expanments 1 avptl sctionss HO8OA mcocomputn! Grogrameag 1nd WIRE DISPENSER — WD-30
swHzN 39 89 SNTAIBAN 195 [ S vachoncs A s 1o 36 tacng e g et sporoun to st ntwcet | @ 50 1t oll 30 AWG KYNAR wire wrap wre §3.95 ea.
SN;UJN :g 35 2:;:::2: ;32 OF AMP MANUAL by Howard M Berlia WIRB $9.00 2\ wtvaratys e o concasts of Bughaon o s 3] @ Cuts wire 10 desired length
SNT425N 2 59 . \ . 00 icrocomputer programming an g Oeta § @boaney . _ i K !
SNTI26K 9 195 SNTATBIN 3 g5 |’ uinen e Qoo o somcaon of coeateons aTBMIAh QWi T €T Lo et 80 wh S Bo0n o Stnps 1 of insulaton ~ Specity — Blue-Yellow-White-Red
iy Il 7 » SKTOION 1 25 R O80G T §5.00 CMO3-M — DESIGNERS PRIMER 95| AEPLACEMENT DISPENSER SPOOLS FOR WD 30
SN/420N 39 SNIAt2N 38 o v R & rogrm o setenng den 15 somg AND HANDBOOK  New expanded version - g !
SN7430N 2 SNTATZIN 49 SNTAIGIN 79 [0 oo e FTO0 01 MEIOG ETUORNg X O e basu stceturt o CNKDS Geces 1 rowon agratest o IS5 Specity blue, yellow, white or red $1.98/3poo!
743N % SN4175N I SNZAIIN 79
S.m,,‘ 3% SRTITEN ,,3 SNTAI9EN 89 [JCOMPLETE MANMUAL FOR DIGITAL CLOCKS by John Weiss and Johs Brooks Jezoea  $14.95 $19.95
SNT4IBN 2% SNTAVIN 1) SNT4195N 69 [t amiwarzes teccan Cr ~0dbyisl wilh hasic theories betimd digital clocks Inciyder Houble 7hoot 4G Gur Tast Function Ger.erator Kit Funclron Generator Kit
SHIAIN » bt SNT4196M 89 i naracter v Lo of clacks_soldenng technwques clock componant data sheets and construction hps $3.95 Jiincludes chip P C ncludes all components
SNT44ON 20 9 ?;“m l‘!‘-; 190 Board and nstructionst Board and mstructions)|
SNT44IN 29 SNAETIN 98 N741 ! 125 o ‘: ACUT Red 5%t
WiaN 19 SNasw 98 ] I . on e i3t | XR-L5SS $1.50 xnzwcr $1.50
SN 3 SN TN 08 " ol oon o a5t XCHI Yeliow 43t | Micro-Power version of the | Precision hming circuit for
STy 3 B e T ©om veiow a5 DISCRETE LEDS XCit1 Clewr 431 ¥ popular 555 Timer and durectly | generating timung pulses mn mi-
g:m?m M SNrBN 129 SNTA2OIN 225 0 6 s 00 e S 1 ¥ interchangeable Dissipates nutes, hours and days or up to
2 i it R :
SN 59 SNTHI50N 89 SNTAZ84N 3 95 xC22  Red 551 X0 Hea 581 G555 Had 550 1 o 1 15th the ;:owev and operates 1 year by using two Redutes
SNTHBN 9 GNHISIN 59 SN742858 395 X2 on ey AC526  Red 10088 (556 Aed 190 58 Mv10 Reg 4st f| Gowr to 27 volts Perect for cost of ime detay circusts Basic
SNI50N 0 SNTIEIN S suragesn 69 | IR B ot K Grsen 451 ACSSS  Green 459 N Dattery operation and CMOS - | 555 Timer with built i 8-bt
SNZASIN 2 SNTIISIN 59 2:;:;&”%»4 gg XC526  Yellow 451 XCS56  Vellow 581 L . cuits Counter
SNASIN 0 SNTHISIN 99 3 . ) :; -
SN;JS‘N 0 Pt 9 SNT4358N [;g ACS2b  Cleac 4551 XC556  Cladr 31 Pgl 5731 0/ | ::;?g 3 E:g v - ::jz,w S ‘;;
SN TE59A '5 SNTA156N 79 SNTA390M 195 T T Assn! d
SNTa60N SN7AISTN SN74390N 195 D'sPLAY LEDs l:;v;) <‘ :z \2!{)&\ ; ,I'L' ::‘I:T‘::’) : ,;
i scout orde: m combi x ] b 2 3
20% Discount "n pes combined order 1000 pes ined order. TYPE POLARITY HT  PRICE TYPE POLARITY Hi  PRICE <RSES 9 R220, 185 XHT51 £ He
€D4000 2 C/Mos C030:0 55 | MAN1  Common Anode-ted 270 295 MAN 6730 Common Anode-red + 1 560 99 prives 9 (37708 520 Rt [
o400t n 0301 23 | MAN2 5% 7 Dot Matuored 300 495 MAN 6740 Common Cathode-7e¢ 0D 560 99 KRBE™LP 99 A% 1 R
D400 23 €34028 89 nso:? 9 | MAN3  Common Cathode-red 12528 MAN 6750 Common Cathode-res - 1 560 99 Rs5LT v R 55 s s
CD400» 119 £04029 119 CD40"0 P39 MAN & Common Cathode-red 187 195 MAN 6760 Common Anode-red 560 99 RIS 130 Wi i35 xR 155 2
€D1007 2 04030 9 CD4081 23 | MANS2  Common Anode-green 00 128 MAN 6780 Common Catnode:red 560 99 KRISACN  § 8D R2745 s ity T
04009 19 04035 £ 408 3 | MAN 72 Common Anote red 00 9 gguﬂ: Common m-{:ﬂ 1 m 33 181188 139 LI 3 LI )
04010 9 £04040 19 04091 99 | MAN 74 Common Cathove-red 300 125 Common Cathode-
Cpagtt 3 Coaoar 1o cosose 239 | wANB2  Common Anode-yesiow F ) DLIO7  Common Anode.red @ ZENERS — DIUDE§' — RECTIFIERS .
o402 » 04037 99 MC1t09 199 | MAN 84 Common Cathode-yerhow 00 9 OL™1  Common Anode-red 0 12 voLTS W PRICE TYPE  VOLTS W RICE
D413 kY 0403 83 MC1a410 1595 | MAN 3620 Common Anode-orange 00 % 0L746  Common Anode-red - 1 B0 14 400m 100 IRACS 60 PV T AMP 10100
cD401¢ & D4 89 MC1ss1t 1195 | MAN 3830 Comman Anode-orange - 1 300 99 DL747  Common Anode-red s e 400m 4100 19006 ROPV1AMP 101 00
C04015 119 CD4046 179 MC113'9 195 MAN 3640 Common Cathode-orange 300 9 DL749 Common Cathode-red - 1 630 100m 5100 'ch 20C Pre * AMP 0100
€Da015 19 04347 150 MC1ade 1995 | MAN 4610 Common Anode-orange 00 9 OL750  Common Cathode-red 500 1 ;g 100 $100 TNIGOC 50 e s
€Da0y? g 28048 13 MC13500 5 | MAN 4640 Common Cathode-orange 0 9 DL33B  Common Cathode-res 110 : 400m S0 hea s e s
04018 % 04049 ] AC1H7 99§ MAN 4710 Common Anode-red = 1 a0 % FND70  Common Cathode 250 69 00w RN on 2
04019 g CD4050 19 MC14502 1450 | MAN 4730 Common Anode-rsd 00 9 FND359  Common Angde 0 75 40pm 4100 INe30S S 20 20000
€D4020 119 o405 19 w0458 350 | MAN 4740 Common Cathode-red 0 9% FNDS03  Common Cathode (FNDS00I 500 99 500m L ®
D021 139 34083 11y Coes 395 | WAN 4810 Common Anode-yellow 00 %9 FENDS07  Common Anode (FNOS10) 500 98 500m 8 w62 ™ 2
CD4g22 119 04056 295 Cn 139 | MAN 6610 Common Anode-orange DD 560 99 50627730 Common Anode-reo 0 130 500m B N6 RE e 28
04023 23 CD4059 995 cDéate 103 | AN 6630 Common Anode-orange 560 98 HDSP-340C Common Anode red w0 2 :g mm B IR ;g
CD4024 T CD4060 149 Codns 295 | MAN 6540 Common Cathoda-orange-0 O 560 99 ADSP 3403 Common Cathoda red 800 2 10 0100 T2 12 i
£04025 23 (D4065 el £04518 129 MAN 6650 Cemmon Cathode-orange = 1 560 99 5082-7300 4 x ; Sot gmu-mg: % ::?’2 m“ E . % ;:':.;f 20 on 3: - , ég
Lhanae 1 Brorest ¥ it R Iwore it oigu " o6 wsz»;aoz Cveiome chamor -1 500 1500 NGO SO PN TAME 12100 INI'BI 100 PY 35 AMP I
04027 89 £04069 5 COastR 225 | MAN 6680 Common Cathode-orange 560 99 5082-7304 Overrange character ( -1} S0 s oo a2 e 0Py 35 aup .
- Too| MAN 6710 Common Anode-red-D D 560 9 5082-7340 4 x 7 Sg1. Digit-Hexadecumai 2 INGO0Z 100 PV 1 7100 IN118 T
5 74000 AC183 — INGOO3 200 PIV 1 AMP 12100 INTTSE 200 Piv 1% AMP 180
74002 5 Yo Lo B RCA LINEAR CALCULATOR CHIPS CLOCK CHIPS INGD0S 00 PIV 1 AMP 12700 1W1iB8 S0P 35 AMP 300
74004 75 7 74017
s x omem am o row sl s oo 2] D DRIVER e 92 SCR AND FW BRIDGE RECTIFIERS
acte : n A $19
CH 300 795 200 7cies 275 RCA2023 256 CA3083 160 FCM3BI7 (1996A) §5.00 v ® Cigv ]:A ::"g:’ scu et
74020 6 newr 125 Tco2 99 RCA3035 248 CA3086  85) MMS725 295 MS316 595 N2108 Team W sca %0
fooed o ucm‘ 1% 3:352 |5 i CA3039 135 CA3088 375 MuS738 29 MMS318 895 ;;mw v vih '}I 50y i w BRIDGE REC 95
T4z 21 Hoist 300 . CAI046 130 CA3130 139} DMmases 2.00 MMS369 298 e o BAID
74CA8 475 T4C157 215 71C9§S :953 CA3058 325 CA3140 125 DMB8ES 100 MM5387 te MDA 980 1 1k @ 2004 BRIGGE REC 19
74C73 150 74160 325 8009
74074 115 74C 151 328 80Ce” 150 §CA3060 325 CA3160 125 DMB887 75 MMs841 99 gt <0 TRANSISTORS ., . Troe
CA3080 85 CA3401 49 DM8389 5 78 WPsAu s s e T
LINEA R CA08T 200 CAJ00 3350 Lol 2 wena [RE e 1 oy e
TBMG 175 IC SOLDERTAIL — LOW PROFILE (TIN) SOCKETS f'\w; , T A R v :"?"’ N ‘ ;(I
MK B0 LM3OTE 125 TAICN K 35 P 120 249 s | e TN e "1
LMIDICNM 35 MMt R 125 wrar ek 9 spmtp g7 15 2pmP 8 37 3% 3 e [ D e ti
L3024 s LM340T 12 125 tMzeNn 79 RiapmiP 20 19 18 “ 2 LP k14 3 faw TN e o BVE e
LM304R 10 LM340T-15 125 wizesNy 30 BgpntP 2 2 2 Bpnlp 45 “ Q foery PR N : ho T
LM305H 60 LMMOT 18 125 LM1303N WP B 2 a7 on P ® % [ e RN i e
LM307CN.H 3 LM340T 28 125 LM1304N 119 20 pin u 32 30 SOLDERTAIL STANDARD (TIN) 40pn 62 61 . . 4 o !
LM30BCN™H 1 00 LM3SON 100 LMI30SN 140 S (TIN) BomST$ B %0 o .:‘Z!:u 4‘ ' ;) o "ﬁ ’VAJ‘IIJ': o (:{
L, ' Lu3sICH o Lo B fuemst sz I o WpnST 138 126 s N e s N i o i
LM309% 125 LMITON 115 Mi3on 295 digpnsST 30 27 % o3t 138 1R 1% NI e e 2R e
e e LMz 1w P L ¥ 2 ¥ g T 0 cong NSOHS 100
LMV % LM3ITIN 400 iMig1aN 175 8 24 pin 5T 9 45 42 SOLDERTAIL STANDARD (GULD) . "w AN L b 1
LM312H 200 LM3BON 125 LM1458CN M 59 pnsSG S 70 63 57 w‘a"'v " 1 in .W-'q o o
LM317K 650 LM330CN 9 MC148ON 195 ApnS6  $30 z 2 20 pin S V10 100 %0 N is:h i o M > et PO
LM3IBONH 150 IMBIN 179 MCIBIN 195 JiapmSG 35 2 2 % pmS6 179 140 126 et i e e o
LM3tN 130 LMIBZN 179 LM1496N 3: EomSe 38 35 32 WonsG 175 158 145 . e BT ™
LM3Z0K-5 135 NESDIN 800 LMISSeV 1 WpnSe 52 o a3 S ! NS o :
NS 2 136 NESTOA 500 MCITATSCP 300 WIRE WRAP SOCKETS e WN s . ” v:liqw; 5 l!vl: '::“./; . ":;x;j s
IM320K-12 135 NES29A 495 290N 295 | Spmww §40 s 35 (GOLD) LEVEL #3 24 i WW 108 % 8 9 . - o) el
LM320K-15 135 NESIIHV 195 33N 150 B opnww  as a“ ¥ W on W 14 1 e B ML :
(MI20K-18 135 NESIET 600 LM30BSY 63 | rapnww 39 3 37 oW 15 e 1%
IM320K-20 135 NESAOL 600 LM3900M 3401 49 | 16 pen W 4: 2 4 @ WW 175 I | A 'T R 50 VOLT CERAMIC
LM320T-5 125 NESAAN 495 LM3905N 89 | 18 pn ww 58 82 , VISC CAPAGiTORS o on
tMA0T-52 125 NESSON 130 LMIGIN 125 . cw
LM320T8 125 NESSSV 3 MC5S58V 58 50 PCS RESISTOR ASSORTMENTS 1 _75 PER ASST. ne ns 04 LR I os o« 01
Tt 15w s@ w7 e e LSO R S ot S
LM320T-15 125 NES608 500 - . . P 3 M
N30T 125 NES61B 00 80388 £% ASST. 1 Sea MM aM L e ] 1/4 WATT & 50 PCS 100 ot b 5 ” 0220t % o o1
LM320T-24 125 NES628 500 LM75450N 50 REONM s WM e M 20 ot R Y 06 05 04
LM3ZK-5 595 NESESNH 125 TSASICN 39 ASST. 2 Sea  h. MM N WM Tl e 104 WATT 5% 50 PCS "o s o4 034 N 075
LM32AN 180 NESGBCN 175 ;z:ﬁ » L e e D e e W . 100 v{mu;vunr;u (;AHCIWRS e
LM330 E] WES6TV/H 9 ! ! . . . R o P : O !
IMMUKK-5 135 NESTON 1050 75454CN 1 ASST. 3 sea x » e y 118 WATT 5% 30 PCS 007/ PR S P iR noowon
LMMOK-6 135 LMIGICNH 45 7S491CN 9 v i s e [ 0nd i oo 0t oy
LMMOK-8 135 LMIONH 29 75492CN 89 ASST. 4 Sea Ho ik e IS 14 WATT Se, 50 PCS ome w0 o et 2
LM3AOK- 12 135 LMTION 9 T5494CN 89 . o - . 'm DIPPED TANTALUMS uaum wm:nons
LMISOK-15 135 LMIIN k) RCAY36 128 - N ¥ T 0w s Rl
LM340K-18 135 LM7ZINH 5 RC4151 595 ASST. 5 Sea e e n Mo 1 T4 WATT 570 50 PCS 1515V .w o v 2 zs u z‘ 2
LM340K-24 13§ LM723N 100 RC4194 595 ih THIK QU1 G [INY 22 v 28 23 7 1328y " o7 2
LMMOT-S 125 LM739N LRE] RC419s 349 ASST. 6 Sea s Wile tRi A 174 WATT 5% S0PCS B se 5! u éﬂ' ﬂs»‘// ;: ”® a2
e Ve 3 S It
™ ) AN 1 aM M .
74| TaLSt 68 35V 28 23 1 w 15\/ L) 35 ksl
utssg? g 74['500 TT L !:L 1?? ASST. 7 Sea M s IM $ M 1w 174 WATT 5% SOPCS 10 45V 8 23 7 63 a0
74t 3 741551 7405155 unmuu ALUMINUS nmmmc cAPACITORS
s et 5w ASST. 8R Includes Reststor Assortments 1- 71350 pcs)  $9.95 ea. CAPACITOR
HEOF mm ¢ e R T S B
mL.sos 23 ;:L ;; 3 ;IL \g $5.00 Minimum Order — U.S. Fuads Only Spec Sheets — 25¢ ;;‘zg: "f :: J; , “;g\ ,2 :4 u}
2 LS 451 Sforni : 2 .
bst] Taiere bt e Californis Residents — Add 6% Sales Tax 1979 A Catalog Avsitable—Send 81 stomp iae e ey w o w
74513 ;:‘;g ; L ‘;5 ; 10 25 By w0 10SV 16 w4 1
e e 3 el PHONE [ E L T B R S LR
2§ mE aMecCO  orosrs | o ono=o0 e 0o
T o B e ELCOME v B on e s 4o oW
41527 4159 & 7405185 ELECTRONICS (415) 592-8097 Wy 28 2w 180S0V e 12
741528 7415107 35 7415253 100 S0V ECSE " BT St Y FYEY) 19
4520 ;:t mg i ;:t gg"} HNMIRRIR TS gt 200y I 28 25 10016V "oy e
741532 11 B BT T “« - : :
hisy 7405123 E: 7415279 AIL ORDER ELECTRONICS — WORLDWIDE 2o ;Js i ?3? :gg g;y n 2:3 2»:
e T 5 TS 1021 HOWARD AVENUE, SAN CARLOS, CA 54070 W06y 3 s & 20w PR T
gy si L HLss0 ! Advertised Prices Good Thru November 20006 0 62 S5 s0v. 3 28 26

BYTE November 1978

Circle 200 on inquiry card.


mailto:IY.@?OOY







EVERYTHING

YOU NEED TO LEARN TO PROGRAM THE Z80°
WITHOUT WASTING YOUR 8080 KNOWLEDGE

THE TEXTBOOK...

18 chapters of solid, accurate
programming information, on such
topics as:

e Single and multilength arithmetic

e Array and table handling and searching
¢ Number base conversion

¢ Floating point arithmetic

e Programmed input/output

e Decimal arithmetic including multiply

PROGRAMMING: and divide

THE Z80 e Stack pointer usage and subroutines
comessatonal bl omd dehosgiog oo * Debugging techniques 4
W WELLER e |nterrupt modes and service e\, 6
e Interrupt driven input/output o' aO

0z

THE ASSEMBLY PROGRAM...(easily worth $100.00 by itself)

The full source listings of a combined editor/assembler which supports the language used. This
language uses 8080 mnemonics for 8080 compatible instructions and clear, logical extensions
of the 8080 mnemonics for Z80 only instructions. The assembler is resident in less than 10K
RAM and will function with any set of peripherals which transmit on a character by character
basis, e.q., paper tape.

DIAL CHARGE CARD ORDERS TOLL FREE {800) 258-5477

A FULL DEBUGGING MONITOR... [l ——— — —————————————=

|BITS . fooaz.s i
Not a simple ROM monitor. Contains facilities
for breakpointing, modification of pseudo
registers and much more.

Practical Microcomputer Programming: The 280
$29.95 plus $.75 postage and handling
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I
|
: [] creck=: g} —!
AND BY THE WAY... : [] Mycara -
| Expires:
When the coupon in the book is filled out I Nam
and returned, the object programs of the | Feme
editor/assembler and debug are shipped { Address
| City State 2Zip
FREE - : Signature
I
|
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Incredible! but True

Precut wire

is Cheaper than cutting yourown!

Fast e Reliable ® Economical

= No more cutting & stripping by hand

Catalog available on request.

 WIRE WRAP TOOLS

= Good, clean, uniform strip , . rony
« Cheaper than using bulk wire It's llke
PRECUT WIRE BULK WIRE = $2800
100 pcsof 3 at$.82- 31/4¢/ft. 50 ft. roil at $1.99 = 4¢/#t. gettlng it for
100 pcsof6” at$1 06 = 2¢/ft. 100 ft. roll at $2.95 = 3¢/ft.
WireKit#1at$6.95=21/3¢/Mt.
rerte HOBBY WRAP
\ Model BW 630 with
#30Kynar stripped 1" on each end. Lengths are overall
Colors' Red.Blue.Green.Yellow Black, Orange White WIRE KIT#1
Wire packaged in plastic bags. Add 25¢/length for tubes. fRfE $6 95 Value) $ 34 95
100 500 1000 5000 ' :
2. n 78 240 430K 38K Batteries & Charger $11.00
3 82 260 471.K 422/K ;
3. 26 280 512k PR WSU 30 Hand Wrap_ - Unwrap Strip Tool 6.25
4 n 90 300 552K 488/K WSU 30M, for Modified Wrap 7.25
4 94 a2t 593K 521K LBT 30 Extra Bit 295 J
5 n 98 342 6 34/K 552/K
5.0 102 365 675K 5 86/K
6 n 106 385 7 16:K 6 19/K o)
6.0 115 405 757K 652K 22" x 65" INTERCONNECT CABLES
7 120 425 7 98/K 6.85/K SK 10 Ribbon cable connectors for connecting
7o 125 445 8 39/K 718/K 516 50 boards to front paneis. or board to board
8 in 129 465 8 80K 7 53K o SOLDERLE.SS SINGUE ENCED UL BLE ENGED
8 .1n 132 485 921K 7 84/K o Vg Tepn 24pin 1 pin 16 i 24 pin
9 n 136 505 962K B 17K
9 . 140 525  1003'K S;O/K BREADBOARDS R Vad o n 2od 28% a4
10 n 145 551 1044K 883K INCLUDING o A e S T S
L Addl in 10 41 82K 66°K ) \ o assorted tengins | FREE! I A R ¥ suzs)
™ ™
( WIRE KITS WIRE WRAP SOCKETS
1-9 10-24 25-99 100-249 250-999 1K-5K
#1 $6.95 #2 $19.95 sons 35 m 3 28 25 2
(2.2 ¢/tt) (1.9 ¢/1t.) FCOORNE - L N S
250 3" 100 4% | 250 2" 250 5" T S S S S
250 3%»%" 100 5" 500 37 100 5%" 22pin” 0 & 82 I & 60
100 47 100 & | 500 3:°2%0 & SO I
i 1 O 1/2" pn 95 89 84 80 76 74
i M 40pin 150 140 130 120 105 90
250 4ve 100 7 Goid 3-Levet Closed Entry Design
1-250 ft. Roll - End 8 Side Stackable All prices include gold
\ 2-Levet Sockets Availabie J
#3 $23.95 #4 $42.95
(1.7 ¢/1t) (1.5 ¢/ft.) N
500 2%" 500 4%" 1000 2'%" 1000 44" 44 Pin Solder Tad  $175 $15/10
500 3" 500 5" 1000 3" 1000 5" EDGE CARD 100 Png Sgld:: TZ‘.[ $350 $30./10
100 Pin  Wire W $350 $30.10
500 3% 500 5% | 1000 3% 1000 5% CONNECTOR o
" " " " 1 G
500 4" 500 &' | 1000 4" 1000 6 SALE! 100 o Comociors sve on MSAI. spacing
Choose One Color or Assortment J

\

\—

PIEE DIRIUAL ELECTRONIBS

135 E. Chestnut St. #5 Monrovia, CA 91016 (213) 357-5005

Circle 297 on inquiry card.

ORDERING INFORMATION

* Ordersunder $25ana COD s add $2

& Allothers shipped Ppdint) S viaUPS
* ForBiuelapel(Airjor 1stClass aadd $1
s We accep! Visa & Mastercharge

*  Most orders shipped same day

Dealer Inquiries Invited
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Circle 376 on inquiry card.

]
POWER OP AMP 1 "
250mA output current capability. Operates on as 1257 x 'E?(_v- gar(: CPU_ le chi o ith all th
low as 3V. Input parometers are programmable for CHARACTERISTICS = ?mwsa‘;a"& | P&‘;P’dd_efw' r' all the P?erl
system optimizing. Electronic shut down allows ELECTRICAL , 7 rlﬁ""*".-"":' ZSV ° [ n’;m I N monclu oEeroD?!ons'.l 'ngle
output to float. Packaged in 8 pin mini-dip. It Revisance I P rork supp Yr: ":9 : Ph"fe c ?jcd. TGCRAYNI\;‘
LMIB0BON -« o e e e e e $1.94 Contart Restan.« i~ — erfaces with standord static and dynamic .
Specs and applncohons 60 i [ = 280 CPU .
""" ‘ Copackanc e paolarads 2max = g | Z80A CPU
16K DYNAMIC RAM MECHANICAL FOR 2”11 57mims K3 Y 13
l;eplacbe your 4'5 dy.nomics flor memory{ ex:“on;i]o]né. I’?ﬁ';.";;‘.‘ﬁ’&m.‘ cu e 280CTC
;Bir]éuz;:;)'s;s exact rep ﬂcemens'zoo' 8/;]44 00 i . Programmable four channel device that provices
v M2V esenrencnnenes ’ . 058 Xopuason a1 J counting and timing functions for the Z80 CPU.
uPD416 (300nS)...evvunevnnnn . $18, 8/$128,00 paTERIAL - Z80CTC...... o RS . $11.00
Taass A thetmoplasta pohester -
2]L02_4 (45%5) ::::l“Ln.mhh“(u e arem Y ZBOACTC....-........ ces s s .--s]é-w
Special buy from major producer allows super LORRE ort kel 1 sl S il E 2 1|
pricing on these brand new prime memoriesl| Dvcemn, 000100 5 ke © 00254 e .
MM2102AN-4L. ... ......s $1.44, 64/$73.60 Ry '&m&msnﬂmﬁm‘ 280 PIO
e Wrep pouts Parallel interface controller is a two port TTL com-
6502 UProcessor.vv.errrnanns R $10.95 EDGEBOARD é@ CONNECTORS Poaf(;ble interface with the CPU,
Z80P10,..
COMBOM 3] ~
CONNECTION DIAGRAMS T T-xm Insfmmorm world ieader in mﬂu"wlcnl ZBOAPIO
TO-3 PACKAGE d g its' new impe d H43
(TOP VIEW! :oquor and TRi- TEKu proud to offer it for the .
Fiest time to our customers. The H43 represents 25 Pin Data Connectors
i ::nb-'a ".L\;' in the industry on this popular DBC-25P {male) ... $2.19, 10/19.80
7 pr o1 ector style
: DBC-255 (Female).. . $3.19, 10/30.50
10 AMP REGULATOR Pin grid Is designed to it most of the 5~100 bus DB-5] 226( HOOL ' /Sl 29
JUST RELEASED machines such as Imeai, Vector, Cromemeo. . . e .
78P05 is o 3 tpminal, 5V, 10 amp regu- Will not fit Alboir mother boards. D20418.....Screwlock assembly......... .. 81,19
lator as easy to use as the 78105 ond other W T to seven Hoes th
TO-3 regulators. All the self protection W';':/"V;. a c:m :.o ;t::uc::am: PRECISION VOLTAGE REFERENCE,
features of the famous 78HO5: thermal limit, T.1. hos the technology and TRI=TEK hae T.1, : AD584 is o precision monolithic IC which has pro-
current limit, low drop out voltage, in Solder tail  H435121-50 $3.59 10/$32.00 grammable outputs of 10V, 7.5V, 5V and 2.5V «
TO-3 steel package. Wire wrop  H435111-50 $3.59 10/$32.00 .3% maximum errort  Full =55 to +150° operation.
78P05SC. . viuniinenennanseas 812,95 ADS584JH. . ....(in 8 pin TO=-5 can)..... . $6.95
Specs. 60¢ Quantity pricing ovailable Spec sheets. ... vverennrnennes .60
,n"rt" ®  For premium shipping (sl ctaws, soecial handhing, e1c.) = Any cotunds wil b By check, not credit vouchers. @ § o
cad arre Encons il be ratunced 1pping snd Han diin
IF INC. A O IS e s S e 2 ST US. end CANADA ADD 5%
V1. vou wil e noTIIeG af the SkDeCIed PippIng Sate Other countries &
7808 North 27th Avenue R e o by gar ;:::;w:-::-:?o:u’:-;pvzu- s e w — o countries add 15%
Phoemnix, Arizona 85021 o Any cortempondance Aot connected with yowr order. . e ycm_ mone. e ot card Nev 30 de Insurance (wa're not responabls for )
Dlesse usa sparste iNeet and include SASE for repi ¥ order. credit carn - ve to rance not an or
Charge card telephone orders (§2G mun.) will be o Clams lor shortepe or dameged matenal must ; mage | wdhrms school and governmant senelds turinsured parceis .50 )
worpnd 85,30 P M. sxcapt ek bt ot ST e o e st e
Telephone (602) 9959352 No collect calls pisate = Prices are subect 1o change without notice date & detective oerts '
] ]

BECKIAN ENTERPRISES

. rFr rr r . 1 r 1 i |
All Prime Quality — New Parts Only

. .
¥ Satisfaction Guaranteed I
EDGE CARD CONNECTORS: GOLD PLATED. SUBMINIATURE CONNECTORS: (DB 25 SERIES, RS 232.)
BODY Non brittle, solvent resistant, high temp, G.E. Valox. The finest you can buy. OB 25P Male Plug $2.50 ea. 5 pcs. $2.20 ea.
CONTACTS Bifurcated Phos./Bronze, Gold/Nickel. DB 25S Female Socket 3.60 ea. 5 pes 3.40 ea.
" " DB 51212-1 Grey Hood 1.20 ea. 5 pcs. 1.10 ea.
ALTAIR S-100: Cont./Ctrs. .125 Row Spacing, .140 DB $1226-1A Black Hood 1.30 ea. 5 pcs. 1.20 ea.
50/100 Dp Sold. $3 .95 ea. 5 pcs $3.75 ea. D 20418-2 Hardware Set 0.75 ea. 5 p 0.70 ea.
50/100 Sold. Eye 6.95 ea 5 pes 6.50 ea. SAVE: BUY A SET. (1 DB25P, 1 DB25S, Any Hood)
N " 1 Set: $6.35 ea. 5 sets: $6.15 ea.
IMSA1 S-100: Cont./Ctrs. .125 Row Spacing, .250 NOTE: For Hardware, (D20418-2) Add $.65/Set.
50/100 Dip Sold $4.20 ea. 5 pcs $3.95 ea.
50/100 W/Wrap 3 3.75 ea. 5 pes. 350 ea. WHISPER FANS
IMSA| CARD GUIDES 0.19 ea. 5 pcs 0.16 ea. Excetlent for cgmputer cabinej cooling. This is the most quiet fan you will find, Only
" " measures 4 3/4 square by 12 deep. U. L. Listed.
CROMEMCO S-100; Cont./Ctrs. 1125 Row Spacing, .250 $21.00ea. Spcs. $19.00ea.
50/100 Dip Sold. $6.50 ea. 5 pcs. $6.00 ea.
{Or short W/Wrap) .C. SOCKETS. GOLD. 1. C. SOCKETS.
WIRE WRAP 3 TURN. Dip Solder. Tin..
. QT’HER CONNECTORS AVAILABLE 14 pin  $0.36 ea. 14 pin  $0.15 ea.
100" Contact Ctrs., .140__Row Spacing. 16 pin 0.38 ea. 16 pin 0.17 ea
22/44 Dip Sold $2.30 ea. 5 pcs. $2.10 ea.
25/50 Sold. Eve. 2.95 ea. 5 pes. 2.75 ea. 2708 EPROMS PRIME 8080 PRIME
40/80 Sold. Eye. 4.80 ea. 5 pcs. 450 ea. 14.00 ea. $9.00 ea.
43/86 Dip Sold. 4.90 ea. 5 pcs. 4.70 ea.
43/86 Sold. Eye 4 90 ea. 5 pcs. 4.70 ea.
I 156 Contact Curs,, . .140" Row Spacing. I
6/ Sgle. Row (PET ) $1.00 ea. 5 pcs. $0.90 ea.
22/44 Soid. Eye. (KiM) 1.90 ea. 5 pos. 1.80 ea. %ERZTC-‘%A;?R LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE
22/44 Dip Sold. (KIM) 1.90 ea. 5 pes. 1.80 ea. :
43/86 Dip Sold. 4.90 ea. 5 pes. 4.70 ca W W e ARE CONNECTOR (EDGE CARDJ SPECIALISTS. IF YOU DO NOT SEE
" . WHAT YQU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL
15677C7qmact Ctrs., .200 Row Spacing. REPLY
15/30 W/Wrap 3 $1.05ea 5 pes. $0.95 ea. .
Za/as iwan 3 e 2 pes. 2.10 2. R B TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All orders
36772 WiNran 3 380 oo oo 370 oo )| over $25.00 in USA and Canada: WE PAY THE SHIPPING.
23786 W/Wrap 3 5'50 ea 5 pes. 5‘00 ea. NOTE: CA residents please add 6% sales tax.
rap HU e pes. S0 e NO C.0.D. SHIPMENTS OR ORDERS ACCEPTED.
POLARIZING KEYS FOR ALL OF THE ABOVE:
= d NGt MAIL ORDERS TO o by
Specify IN Contact or BETWEEN Contact
l 11049 pes. $0.10ea. 50 pes./Up $0.08 ea. BeCklan En terprlses I
PECIA P.O. Box 3089
I 12/24 in 156" Cont./Ctrs. .200 Row Spacing.
TIN PLATED CONTACTS - .
IDEAL FOR PET INTERFACE & PARALLEL USER PORT. Slml Valley, CA 93063
$1.25ea. Spcs. $1.10 ea. I

Circle 30 on inquiry card.
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Unclsssilicd Ads

CONSULTANTS: Let us get together and run a
tull page color ad with individual addresses and
divide the cost, Write Micro Logic Corp, POB 174,
Hackensack NJ 07602.

FOR SALE: 1BM 024 card punch, with full alpha-
numeric  keyboard, in good condition, fully
operational and with all documentation for main-
tenance, lube, parts and schematic, Can be used
1o keypunch cards, or readily modified for micro
processor card read and punch. A W Walker, 1914
Ridgewood Dr, San Diego CA 92139, (714)
479-9074.

ONE MICRQO, ONE USER?. Why not support
several users on your microprocessor with a
multitasking operating system. This system
is designed for the Motorola 6800, operates
N conjunction with an interrupt timer device
{tor example, SWTPC MP-T) and maintains a time
of day clock. Send $5 for complete documenta-
tion and source code to start timesharing on your
system. Ed Joyce, 4603 Lyceum, San Antonio
TX 78229.

FOR SALE: 2102 low power programmable

. memory, Fairchild 450, $1 each. 8 K, S-100,

bare board for above ICs, $20. 7805, $0.75.
Erasable programmable memory 2708 National
450 ns, $10. David Karpol, 18-20 Jordan Rd,
Fairlawn NJ 07410, (201) 546-9268 days,
791-2044 evenings.

PET OWNERS' CLUB: Now, a great new idea in
clubs! Join and vyou will receive Program, a
cassette, each month., You LOAD - nothing to
type — and 1t gives you articles, applications,
and information right on your screen. What's
more, the reverse side will contamn three to five
games (or more) and programs useful and fun for
your sweet PET. Membership is $27 a vyear. If
you wish to join, write to Richard Mansfield,
POB 461, Philipsburg PA 16866.

FOR SALE Processor Tech VDM-1, $150. MITS
88-P10, $90. ASCII keyboard in watnut case, wired
and set up for B8-PIO, $50. Ail the ahove in use
and working. Webber Hall, 16967 Blanche PI,
Granada Hills CA 91344, (213) 363-2004.

FOR SALE: Eight Motorola 4 K programmable
chips from TRS-80. Tested OK, but never used.
Make offer by contacting Jerry Dawson, 710 King
St, Medford OR 97501, {503) 779-7697.

FOR SALE: TRS-80 Basic | or Ii: Data Base
Manager, $20; inventory, 320, Stock and Bank
Account $15; Lunar, Gunner, Slot and craps
$13. Poi Pow, 96 Dothan St, Arlington MA 02174,

FOR SALE: MEKS800D2 System working with
SwTPC video terminal Il with 69 key Hall-effect
keyboard. Includes 24 2102s, two extra 6810
programmabte memories, huge 6800 applications
manual, data manuals, software manual ptus power
supply kit. My cost $565. Wil sell for $295 or
best offer! C Jackson, 1715 Dogwood Dr, Rock
Hili SC 29730, (803) 366-2309.

NEW UNCLASSIFIED POLICY

Readers who have equipment, software or othér itams
to buy. sell or swap should send i a clesrly typed notice
to that effect. To be considered for publication, an adver-
nsement must be clearly noncommercial, typed double
spaced on plain white paper, contan 75 words or fess, and
include complete name and address information.

These natices are free of charge and will be printed one
time only on a space avaiable basis. Notices can be ac-
cepted from individusis or bona fide computer users clubs
only. We can engage in no correspondence on these and
your confi ofp s m an sssue of
8YTE

Please note that 1t may take three or four months for an
ad 10 appear in the magazine.®

November 1978 © BYTE Publications Inc

FOR SALE: Apple Il 16 K system only three
months old and in perfect condition. This is a
complete system. [ncludes high resolution graphics
subroutines, radio frequency modulator, and
a cassette recorder/player for tnput/output
(10). User manuals are also supplied. Entire
system for $800. Dana E Ebersole, 441 Burchert
= 110, Glendale CA 91203, (213) 244-0796.

FOR SALE. TRS-80 fevel 1 tapes and program
lists. Star Trek (runs on 12 KJ}, list $7, tape
$10. Lunar Lander (runs on 4 K), list 33,
tape $6. Biorythm (runs on 4 K}, tlist $5,
tape $9. J R Menzies, 7106 Colgate Dr,
Alexandria VA 22307.

PET OWNERS: Here's a very realistic craps pro-
gram which won't bore you or friends. It's highly
interactive and features animated dice, . pass or
don’t pass option, lower case literals, statistical
analysis of game with a vertical bar graph and
much more. For instance, dice land in random
positions, and there's plenty of information re-
garding rules, size of bank rolt and amount of
bet. This is a 265 line program using over 5 K
bytes. It is on tape, ready to load and go. Send
onty $750 to Richard Liebert, POB 268,
Scarborough STA NY 10510,

FOR SALE: Heathkit Computer System — H8
computer, HB-1 memory board {4 K), H8-3 chip
set {4 K), H8-5 serial input/output and cassette
interface (one or two recorders}, H8-2 parallel
interface, ECP-3801 cassette recorder, H9 video
terminal. Assembled and working, asking $1500.
Thomas C Smith, 506 19th Ln, Vero Beach FL
32960, (305) 569-4622 after 6 PM.

FOR SALE: OSi 450 erasable read only memory
blaster memory board {still bare}, with documenta-
ton includes 6820 P1A and two 6834 erasable read
only memories. All parts new and unused, $60
Ray Vogt, Box 240A, RD 1, Port Matilda PA
16870.

WANTED: SOL/Processor Technology keyboard,
with numerical pad. Roger Waltace, 36 Las Vegas
Rd, Orinda CA 94563, (415) 254-1248.

PROM PROGRAMMING: From Binary or Intel
paper tape: 1702A ($4), 2708 ($8). From hex-
adecimal or octal listing: 1702A (85}, 2708 ($16).
You supply the programmable memory. Quantity
discounts on multiple copies. 48 hour turnaround.
David Corbin 11704 |Ibsen Dr, Rockville MD
20852, (301) 881-7571 after 6 PM,

FOR SALE: MITS 16 K static memory, disk con-
troller board. Best Offer. F Peck, 19201 NE 18 Av,
N Miami FL 33179, (305) 935-2613.

FOR SALE: Radio Shack TRS-80 Microprocessor
with 16 K memory, Levet 1 BASIC, monitor,
cassette, payroll program. First $800 takes it and
I pay the freight. Wilbur C Booth, POB 1151,
Cordova AK 99574, {907) 424-3140.

FOR SALE: Tarbell Electronics cassette interface.
All cables, in sockets, ready to go, $120. Morrows
Wunderbuss mother board. Includes ten edge
connectors, assembled, $120. Four SwTPC 4 K
memory boards, in sockets and burned in, $100
each. Chip Kroll, 4136 Tennyson, Houston TX
77005, {713) 667-6318.

FOR SALE: 128 of each of the following items
were recently purchased at a ham festival. Due to
incompatibility with my home processor, they are
available at my cost, to whomever can use them:
AM 9016, 16 K dynamic programmable memory,
$22.50; and AM 9050, 4 K dynamic programmable
memory, $4.50. You can purchase all or part of
128 set. Documentation is available. R Shay, POB
413, Westmont [L 60559,

FOR SALE: F8 based chess game, with six levels
of difficulty. Solves mate in two problems. $100 or
best offer. Clete Jackson, 1715 Dogwood Dr,
Rock Hill SC 29730, (803) 366-2309.

FOR SALE: Radio Shack TRS-80. Six months
old with approximately $80 worth of software.
| haven’t enough time to learn to use it properly.
$450. George Ranioio, 1212 Rt 25A, Stonybrook
NY 11790, (516) 751-0101.

COSMAC ELF 1l power supply, video modulator,
1802 users manual!, all Popular Electronics articles.
Built and working fine, $35 and shipped prepaid.
frank Dacey, 328 Barbara Dr, Pt Pleasant NJ
{201} 899-4302.

FOR SALE: KiM-1 with 4K on board program-
mable memory neatly packaged in briefcase with
custom power supply. Has breadboard area and
convenient input/output connectors. Fuli docu-
mentation. Send SASE for photos. First cashiers
check or money order for $200 takes it. R Kruse,
6221 Woodlow Dr, Wichita KS 67220.

FOR SALE: Biorythm program, FORTRAN
source code, well-tested. Send $1 to cover copy
and mailing costs to Jack Walsh, 4 Eaton St,
Wakefield MA 01880.

FOR SALE: Assembied and tested ELF I with
four 86 pin wire wrap edge card connectors, full
documentation; giant board assembled and tested;
kluge board for ELF I}; 1.5 A power supply; radio
frequency modulator and 1852 input/output
port. Total value $250 new. Make an offer on
whole or part. Also heavy duty Honeywell power
supply 10 A at 5V, 3 Aati6V,3 Aat —16 V,
and 4 A at 28 V. Aian Burnes, c/o ICSR, MIU,
Fairfield |A 52556.

FOR SALE: File access software for North Star
Disk. By calling routines within this package, a
program is given multiple file input/output at
the byte level. Entry points aliow a file to be
opened, closed, read, written, created or released.
Requires less than 1 K in addition to disk operating
systen. Send $10 for commented source listing to
Bob Burlingame, 3314 N Whitman, Tacoma WA
98406.

FOR SALE HP-67 and Heath shortwave receiver.,
HP-67 plus all original accessories and more pro-
grams {physics solutions books, satellite tracking,
antenna pointing program and morel, second
battery pack and security cradle. All for $35%0.
Receiver: 0.5 1o 31 MHz, AM/SSB/CW. Excellent
sensitivity, selectivity, construction {June 1978)
and excellent price: $70. Gary Altman, 1525
Linden Dr, Madison WI 53706, (608) 836-3400
or 262-3035.

FOR SALE: Assembied and tested MITS Altair
680b kit. All Chips socketed. May be interfaced
to RS232. $250 plus shipping. John Rheinstein,
10 Gould Rd, Lexington MA 02173.

FOR SALE: TDL 2-80 processor {S-100 Bus Z-80
Card) assembled and tested. TDL Z16 memory
board with 8 K memory instalied also assembled
and tested. TDL software: 2 K Zapple monitor,
9 K macro-assembler, 3 K text editor, 8 K BASIC.
Software includes paper tape in relocatable format
and all manuats. $500 for all the above. ZPU board
only and software, $325. Charlie Shields, POB 809,
Carrabelle FL 32322, (904) 697-2190.

TRS-80 SORT: in BASIC |, needs 4 K minimum
Sorts recs in memory in 1 or 2 numeric fields in
ascending or descending sequence. OQutput to tape
or video. Can be subroutine. $10 on tape with
documentation. Software, POB 6153, Syracuse
NY 13217.

FOR SALE: SwWTPC 6800 computer systems, 8 K
memory, serial control interface, paraltel interface,
CT-64 terminai, SD Sales cassette interface, Pixie-
Verter. All assembled, up and running, complete
with documentation. Also, bare 4 K memory
board, bare MP-A2 processory board. Rick Drapala,
2701 Av A, Yuma AZ 85364, (602) 726-6896
after 4 PM MST.

FOR SALE: Ti-Programmer, with case and power
supply. Almost new, under warrantee. In original
carton, $30. John Burns, 25th floor, 350 Park Av,
New York 10022.



CLUB PROGRAM EXCHANGE Lincoln School
Computer Club will exchange PET Computer pro-
grams  Send SASE for information and return
postage with any cassette Thanks Lincoln Com-
puter Club, Lincoln School, 750 E Yosemite Av,
Manteca CA 95336

FOR SALE Sphere 6800-hased microprocessor
board ncluding 4 K programmable memory, and
1 K read only memory with the PDS utility rou-
unes, monitor, editor, re-editor and assembler.
Also an excellent power supply rated +12 V,
—12 V, +5 V, 5V and ground. Also a video dis-
play interface board which stll has a few bugs. |
haven’t the technical knowhow to get the system
‘runming so | am selling. First check for $300 takes
11, inquirtes welcome. Nathan Engle, RR 2 POB
466 A, New Albany IN 47150, (812) 923-8066.

FOR SALE Unmvac type 0769 incremental printer
30 characters per second, 132 column, 63 charac-
ters. New unit sull in Unwvac packing carton. With
optional drive etectronics (ongminal cost $1800+).
Also -r\ci‘udes optional case, enclosure (hinged top),
and stancs. Does notinclude 6V, -12V, 24V 1A
power supplies or system controller, but includes
schematics and nterface manual. Plus three cases
of paper ($100+ atone). All for $575 plus freight,
Dawvid Krivoshik, 18 Newcomb PI, Enzabeth NJ
07202.

FOR SALE Pernpheral Vision Floppy disk drive,
miterface card, cable, documentation and diskette.
In good working condition Inciudes operating sys
tem on floppy Everything needed to work $500
or best otfer Wil also trade for working TTY
termunal or equivatent  Pierre duPont, Patterns,
Rockland DE 18732

FOR SALE RCA Cosmac vip video computer
with games and graphics. Professionally built and
in perfect condition Unit interfaces durectly to
videa monitor  Also stores programs on cassette
tape Onginally $275, wili sell for $175 and ship
anywhere free Richard Parry, 38 W 255 Deerpath
Rd, Batavia IL 60510, 1312) 879-8987

FOR SALE BOBOA system. Morcow's processor
and cassette 10 bodards, VDM-1, 2 4 K program
mable memary boards, ASCII keyboard and ocial
keypad, 20 A supply, attracuve catwnets. Tiny
Basic up and running wrth programs on tapes, three
extra 100 pin connectors, Processor Technology
BASIC 5 and TREK 80 tapes fuli documentation
Cost over $850 will sell best offer over $600.
M Chepko, 119 Bellewille Ct, Thief River Fis MN
56701

FOR SALE OR TRADE Quantity of 66 American
Microsystems AMS 7280 4 K by 1 dynamic pro-
grammable memory chips, prime Equivaient to
21078, TMSA4060, eic All 66 in carriers for $195
ar wiltl trade for 24 TMS4044 or exact equivalent.
Watson R Gabrel Jr, 5936 Timberwood TRL,
Kernersvile NC 27284, (9191 993 3110

FOR SALE TRS 80 software Four full length
stmulations for 4 K level | machine ncludes Pro
neer, Survivat, Capitohists and Spdce Voyage All 4
for S10 Also, baseball, football, hockey, Lander,
all with graphics Seven in all for S8 or get ali 11
for $15 For programs, an updated list or free-
lance prouramming, write Michgel T Flanagan, 130
Hoily, Riwveredge OH 44135

WANTED Used munmicomputer system, TRS-80,
Apple 2, PET IMSAI, atc Also harrd or soft copy
terminal Mike Glercher, 11 teshe Ct, Springfietd
NJ 07081

CHEAP MEMORY Low power 4 K static full
speed tested and rehiable $75 G Mitchell, POB
35, Chula Vista CA 92012,

WANTED X-Y Recorder Offer combinations
of the following in trade SBE Keycom 1000
Scanning 40 channel CB, Pace 8015 and 8008 CBs,
Oynaco PAT 4 steren preamphifrer, AR-XA turn-
table, Palomar TX-100 linearm amphifier, etc.
Write Pete, POB 399, Sunnymead CA 92388

BYTE NUMBER 1 | have one September 1975
BYTE (issue number 1). The magazine 1s sull in
1ts oniginal wrapper and s in mint condition First
certified check for $50 takes 1! Calt to confirm
that 1t hasn't been sold vet. Mitch Wolrich, 8 Bruce
CIR, Randolph MA 02368, {617) 963-5578.

FOR SALE Secret Word program for 4 K PET.
Many hours of entertainment trying to guess one
of 200 5 letter words. Can be piayed alone or with
other participant. Features inciude selection of
secret word by computer at random, scoring by
number of tries, cumulative scoring, abiity to list
guess words and hits and misses, also ability to
disclose secret word at any point in the guessing.
Also other interesting features. On cassette, ready
to load and run, $8.50. Henry E Nass, 68 East 56th
St, New York NY 10022,

FOR SALE OR SWAP. Voltage Monitor for single
phase computer power supply. Monitors under and
over voltage, detects high speed transients — 2 ms
spike response. Has clock, audible alarm, warning
light and 32 day chart recorder. Warns of out of
toterance conditions. Airoyal model 11721. Will
accept ham radio equipment in trade. Ed Hayden,
16 Decatur Av, Annapolis MD 21403, (301)
261-2679.

FOR SALE. Assembled H9 video terminal, $450.
I went to hard copy so you can save. Includes
shipping and manuals. Send cashier's check or
money order 10 Steve Vickery POB 1548, Panama
City, Fi 32401

FOR SALE Heath H8, H9, 16 K memaory, assem-
bled, up and running, tape recorder, all documenta-
tion. $1200. David Marcus, 430 Wolf Hill Rd, Dix
Hilis NY 11746, (516) 427-1926.

FREE PET COMPUTER PROGRAMS: Will trade
origmnal versions of Space War or Graphic Gomoku
19 by 9 tic-tac-toe) for your software creations of
comparable size. Send programs on cassette for
exchange, or send SASE for current list of pro-
grams. Please indicate serial number of PET used.
Bennett Meyer, POB 575, White Pilains NY 10602,

MOTOROLA D2 USERS- A new manual of exper-
ments on 6800 Microcomputers contaimng 83
interesting assembly language problems. Step by
step approach to learn to use the 6800 instruc-
tions, digital input/output, interrupts and many
programming technigues. $5. Send check to K K
Rao, Department of Physics, Western Michigan
University, Kalamazoo M1 49008,

FOR SALE Heath H-8, H-9, 16 K, cassette, and
Benton Harbor BASIC. Up and running. $1250.
Also ten new B inch disks, $25. A Thornburg
RR 2, Thompsonville |L 62890, {618) 627-2166

PET OWNERS. 1| have 18 game programs for the
PET computer. | will trade one for one for other
PET programs Those wishing to trade should send
their cassette with programs to Kurt Huebner,
1266 Valie Vista, Fullerton CA 92631.

FOR SALE Apple |l Software cassette: author
title index program for books, records, tapes,
super fast machine language, sort, 16 K blackjack,
graphic, paddie tnput, sound, rules, autoplay by
computer, $10 each includes documentation. Both
for $15. George W Lee, 18803 S Christina Av,
Cerritos CA 90701.

TRS-80 OWNERS Original software including
business system for Amway Distributors. Level |
and 1! versions available. All will run in 4 K mem-
ory. Also have moving sign board machine language
program  Write for information Allan E Sitter,
8 Driftwood CIR, Groton CT 06340.

FOR SALE DECwriter Il, EIA interface, caps
lock, used two years moderately, on DEC service
contract but never needed a cail. $975 or best
offer, you pay shipping. David Lews, 1108 N
Aurora St, tthaca NY 14850, {607) 274-3107
weekdays, 273-9144 home.

STAMP COLLECTORS. TRS-80 owners who are
also serious stamp collectors and are interested in
exchanging ideas and software for philatelic
applications are urged to contact me immediately.
Collectors with other systems are also welcome
to write or call if they are interested. Jeff Purser,
25 Newtown Rd, Danbury CT 06810, (203)
744-7631.

FOR SALE: Reference/maintenance manual, logic
charts, and operator's manual for itel Model 852
automatic typewriter and accompanying Selectric
manual. $15. S K Otto, 150 Old Country Rd,
Mineola NY 11501.

TRS-80 PROGRAMMING CONTEST Win $500.
Send SASE to TRS-80 Programming Contests-A,
POB 621, Fenton MO 63026

APPLE-Il SOFTWARE Available to swap. Send a
hist of your programs and SASE for my list {(over
100 programs). Most in color graphics. Ed Avelar,
2850 Jennifer Dr, Castro Valley CA 94546, (415!}
538-2431 any day. 6 PMto 11 PM

DESPERATE College student must sell at tre-
mendous loss to pay for tuwition: Tychon Assem-
bler, IMSAI 8080 with 22 slots, etc, 8 K static
memory with write protect B K static memory
without write protect, key board with interface
and enclosure, Northstar Disk drive microsystem,
Polymorphic 64 character/line display with
graphics (new parts — never tested), manuals, etc.
Must sell- $1150. Will sell separately. John Fox,
=106, 1110 W Stoughton, Urbana IL 61801 ({217)
3844474,

FOR SALE: Hewlett-Packard 97 programmable,
printing calculator, $475, with bex of thermal
paper rolls, new magnetic cards, and all other
standard accessories. Clean appearance and In
excellent operating condition a great buy! L S
Reich, 3 Wessman Dr, W Orange NJ 07052, (201}
736-2843.

FOR SALE. HEATH H-8 system. 24 K memory,
video termunal, GE cassette recorder, interface card
and all cables. All completely assembled and
working. Software inciudes Extended BASIC, eds
tor, assembler, debugger, panel monitor {read only
memory)}, plus games package and more. $1800
plus shipping. Wait Sully, 18 Palmer Rd. Kendall
Park NJ 08824, (201) 490-2976.

FOR SALE: Hewlett-Packard 140A Scope, 1402 A
Dual trace amplifier, 1421A time base and delay
generator. One set full documentation Excelient
condition. Orginal cost over S2000. Will sell for
around $600. J E Terry, 818 Briarwood Lake,
St Louis MO 63367, (800) 3254325, ext 225,
8 AM 10 5 PM daily

TRS-80 ASSEMBLER USERS Z-80 disassembter
available. Displays the contents of your memory
as symbolic instructions with operands and ASCII
code, where relevant. Zilog mnemomics used
throughout. Also shows memory addresses and
contents in hexadecimal. Requires Level | BASIC
with 16 K and assembler, or Level-1l BASIC
(Spectty which you have ! Execution tape and
instructions, $20. For informaton only send
SASE Hubert Howe, 14 Lexington Rd, New City
NY 10956

TRS-80 USERS: | have business programs for all
fevels of TRS-80s. You describe your application
and | will give you an estimated cost within 48
hours. Include SASE with your requirements and
TRS-80 configuration. Also, | have game programs.
Sandy Sigal, 6851 Mammoth Av, Van Nuys CA
91405.

FOR SALE: Three sets of 16 K memory for
TRS-80 Radio Shack computer system 100
percent good. $175 each Larry Staniey, Rt 5, Box
1318, Circlewille OH 43113, (614) 474-1741%

COLLEGE INSTRUCTOR. Needs standard payroll
and general ledger programs in COBOL or BASIC,
limited compensation. POB 355, Newtown PA
18940.

WANTED. 8008 software, Scelbr computer soft-
ware manuals for the 8008, assembler program,
editor program, monitor routines, SCEBAL high
level language, bootstrap loader and Galaxie.
L W Harrison, 4905 Hollyridge Dr, Raleigh NC
27612.

WANTED Drawing and pin out data to interface
microcomputer to Programatic Flexiwriter. Will
pay for data. Bill Fuptsubo, 1506 Sandcastle Dr,
Corona del Mar CA 92625.

STUDENT NEEOS HELP. 1 am a student in
desparate need of both information and part
sources for the following :mage recogmtion
and a 32 X 32 sohid state MOS photodiode array,
respectively. If there s a3 Cyclops camera for sale
out there — contact me as ! require one. Darcy
Roberts, 660 Laurier Bivd, Brockvilie Ontario,
CANADA K6V 5X8.
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41 Capital Equipment Brokers 68 222 Micro Mail 136 171,173,175,177,179, 181
45 Central Data 81 223 Micromation Inc 21 326 SoftSide 177
46 Chrislin Industries 165 235 Micropoiis 102 321 Software-80 179
47 Commodore Business Machines 105 236 Micropolis 103 335 SSM 73, 79
48 CompuMax 177 224 MicroPro International 45 340 Solid State Sales 221
53 Computalker 159 226 Micro Source 95 343 Soroc 5
65 Computer Corner 218 229 Mikos 225 350 Southwest Technical Products Corp ClI
70 Computer Enterprises 161 250 Mini Micro Mart 119, 144 353 Springer-Verlag 149
74 Computer Interface Technology 228 255 Morrow/Thinker Toys 19, 91 352 Stirling Bekdorf 49
76 Computerland 10, 11, 61 260 Mountain Hardware 143 351 Structured Systems Group 129
73 Computer Mart of NJ & PA 190 265 mpi 133 354 Sunny Internationa! 228
76 The Computer Stop 228 267 Mullen Computer Boards 74 357 Sybex Inc 138
72 Computer T-Shirts 228 268 NAIL 57 355 Synchro Sound 51
77 CT Microcomputer 123, 135 280 Netronics Research 147 359 Talos Systems Inc 46
78 Contract Services Associates 122 281 New England Electronics 152 358 Tano 55
80 Cromemco 1,2 285 North Star 7, 29 360 Tarbell Electronics 115
82 Data Discount Center 169 286 Northwest Microcomputer Sys 77 363 TASA 24,25
81 Datafacs 173 287 Nucleonic Products 107 364 Taylor & Associates 145
83 dedata edv 222 290 Ohio Scientific Instruments 30, 31, 32, 33 370 Technical Systems Consuitants 76
87 Digiac Corp 222 291 OK Machine & Tool 59 372 Telpar Inc 26
89 Digital Pathways 156 293 Oliver Advanced Engineering 68 377 Terminal Systems 228
95 Digital Research (CA) 66 289 On Line 173 356 3 S Sales 214
100 Digitat Research (TX} 203 292 Osborne & Associates 113 373 Tora Systems Ltd 228
102 Digital Research & Eng 94 * Owens Associates 218 382 Total Information Services 155
110 Dynabyte 14, 15 294 Pacific Digital 130 378 Trans-Data 152
115 Electrolabs 225 296 Pacific Office Systems 227 374 TransNet Corp 122
120 Electronic Control Technology 171 297 Page Digital 218 376 TriTek 223
125 Electronic Sys 205 298 PAIA Electronics 133 383 US Robotics 187
130 Electronics Warehouse 207 239 PanaVise 141 387 VR Data Corp 218
132 EMM/CMP 146 288 PCE Electronics 148 388 Wameco 227
134 EMM Semi Inc 165 301 Per Com Data 37 395 Worldwide Electronics 228
140 Forethought Products 53 302 Personal Software 88 400 Xitex 134,135
150 Godbout 87 303 Personal Systems Consulting 70
153 Graham Dorian Enterprises CIH 304 Pet Shack Software House 228
151 H & K Computer Components 161 313 Pickles & Trout 175 *Correspond directly with company.
60MB-
. . q
BYTE's Uagoing Monitor Box Fingers Do Walking on August BOMB
Article No. ARTICLE PAGE ' Stcv? Crarc.m h.aS won th.e $100 BOMB
first prize again with his article "“Let Your
1 The Sprackiens: An Exchange Evaluator for Computer Chess 16 Fingers Do the Talking: Add a Noncontact
2 Ruckdeschel: Functional Approximations 34 Touch Scanner to Your Video Display,”
3 Kasser: The Sky's the Limit 48 page 156. Second prize of $50 goes to Chip
4 Horton: Distributed Network 62 Weems for  “Designing  Structured Pro-
5 Ciarcia: I've Got You in My Scanner! 76 grams,”’ page 143. The articles placed 1.9
6 Gerhold: Computer Assisted Instructioron a Microcomputer 90 and 1.4 standard deviations above the mean,
7 Wilson: Defining a Language: PL/B 100 respectively. In third place was “‘Pascal
8 Hill: A Classroom.Demonstratlon 112 versus BASIC: An Exercise,” page 168,
9 Bruninga: A Multiuser Data Network 120 followed by “P I A Struct ly St
10 Christensen-Suess: Hobbyist Computerized Bulletin Board 150 owe ”y ascal- ructurafly >trong
1 Hubin: Heath Microprocessor Training System 158 Language,” page 78. X .
12 Anderton: A Cassette Interface Switching Box for the TRS-80 160 To cast votes for your favorite articles,
13 Frey-Atkin: Creating a Chess Player, Part 2 162 usc the convenicnt BOMB card on the
14 Chung-Yuen: A “Tiny” Pascal Compiler, Part 3 182 opposite page.®
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"'l own a fast-growing business and before |
bought my computer system | put in a lot of late
hours keeping up with my accounting and
inventory control. Now the computer does my
number crunching quickly, so | have time after
hours to have some fun with the system. My son
and | started out playing Star Trek on the system,
and now we're learning to play chess.

“When | was shopping oround&#ﬁhyﬁystem/

the guys in the computer stores demonstrated all
the unique features of the minifloppy. I've got to
admit that aft first | didn’t really understand all the
technical details. But now that | use the system
every day, | really appreciate the minifloppy’s fast
random access and data transfer. | like the
reliability, too.

;

.
ik

“I'm glad | went with Shugart drives. Look,
when you lay out your own money for a system,
you want dependable performance and good
value. Do what | did. Ask for the system with the
minifloppy.”

If it isn’t Shugart,
it isn’t minifloppy.

J‘ -Shugart Associates

435 Oakmead Parkway, Sunnyvale, California 94086

For a list of manufacturers featuring Shugart’s minifloppy in their systems, circle reader response number.
TM minifloppy is a registered trademark of Shugart Associates

Circle 312 on inquiry card.
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