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PREFACE

Less than 18 months ago, the First West Coast Computer Faire took place in San Francisco.

ment n which computers were so low-priced that they had become a specialty consumer item.
The exhibitors were, for the most part, new, small companies - more often than not formed by
one or two highly competent, innovative engineers or programmers who had considerable technical
capability and creativity, but little or no business ormanufacturing experience.

Less than a year later, the Second West Coast Computer Faire was held in San Jose, drawing
a similar number of speakers and exhibitors, and over 14,000 attendees. Things had changed
considerably, in the ten and a halfmonth interval between the Faires. For instance, in the first
Faire, several ideas or proposals were presented for possible uses of home computers. In the second
Faire, actual implementations of some of those proposals were detailed. The exhibitors and their

had shown a major change for the better. Their products were more reliable, more varied,
manufactured and - to some extent - more available. Additionally, both the Conference

Program and the Exposition illustrated something of a shift from a pure hobbyist, computer

computing power for a large variety of applications - many of which had not previously been
economically or technologically viable, e.g., aids for the physically impaired, individual computers
for students, electronic music systems, etc.

Drawing almost 13,000 people, it ofered a hodge-podge of almost 10 speakers and 20 exhibits
The speakers were addressing various aspects of a brand new topic hobby computing: an environ-

odu
er

fanatic orientation towards the broader topics d general low-cost

Now, the Third West Coast Computer Faire is to take place next month, in Southern California
for the first time. It appears likely that there will be an increase over the two previous Faires, both
in number of exhibits and in the number of attendees. And, the Conference Program will illustrate
that the marketplace and applications of truly low-cost computing is continuing to change and mature.

h these Proceedings include sections addressing such things as computer games and
music - hobbyist and entertainment applications - the vast majority of the Conference Program
focuses on more "serious" applications of very low-cost computing. For the first time, we see a

major Conference Section addressing the application ofmicrocomputers to biomedical and hospital
environments. Other sections appearing for the first time address the use of inexpensive computers
to improve local government services, and examine business systems software on micros, The sections

addressing computers in education, legal aspects of computing, and computers and communications
illustrate a continggggyng maturing process in those fields, relative to the papers addressing the same

much-needed improvements in microcomputer software - i.e. better high-level languages, and

Two other sections are particularly noteworthy: The "Potpourri" section - papers that
defied classification under traditional computer topics - has grown in comparison to past Faires,
and shows a greater variety of unusual and exotic views and proposals. . Finally, the section

topics, presented in the previous Faires. The software sections ofer some major proposals for

professionals
proposals for floating point standards that have ben well thought out by highly competent

addressing "Visions of the Future" explicitly addresses the topic of probable futures, providing
that are much more viable and likely than we could reasonably foresee, a year and a

Pal? years ago.

The Computer Faire, from the beginning, has had a major commitment to conducting a

significant and useful Conference Program - and to the production of Conference Pro
from each of these Programs. We feel that they are. much-needed and uniquely valuable
communication and reference publications in this explosively changing field - intelligent
machines for the general public.

ceedings

Jim C. Warren, Jr., Faire Chair
Woodside, California
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3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 5 1978 November 3-5 + f f Los Angeles, California



TABLE OF CONTENTS

Preface, Jim C. Warren, Jr
Table of Contents 5

7

INTRODUCTION FOR NOVICES
You Don't Have To Be 'Good In Math' To Fall In Love With Computers, Donna Norris
An Introduction To Personal Computing: A Beginner's Guide, Bob Moody, Mike Triolo, Jerry Fox.A Consumer's Guide To Personal Computing and Microcomputers, Stephen Freiberger

9
14
21

VISIONS OF THE NEAR FUTURE
Personal Computers and Society: What Next?, Jack M. Nilles.

.

Changing Paradigms and the Computer, Carl Townsend

The Visions Of A Futurist, Alan P. Hald. 27
29
32

COMPUTER MUSIC SYSTEMS
A Microcomputer Music Synthesizer, Henry L. Pfister
Low-Cost Multi-Part Music Programmed In BASIC, Dorothy Siegel
High Quality Direct Music Synthesis Using Microprocessors, Hal Chamberlin

36
424

INTELLIGENT MACHINES TO AID THE PHYSICALLY IMPAIRED
Further Developments On An Interactive Language For The Severely Handicapped, Michael S. Bodner,

Guy M. Hoelen, William J. Zogby
Optacon Tracking Guide For Blind Persons Reading Information On CRT Screens, Yvonne S. Russell,

Susan H. Phillips

45

48

LOW-COST COMPUTERS IN BIOMEDICAL ENVIRONS & HEALTH DELIVERY SYSTEMS
Use of Computer and Biofeedback In Psychological Laboratory For Treatment Of Emotional Ills,

Russell N. Cassel .

The Microcomputer As Antidote: Medical Data Base Applications In The Home And Office:
Accidental Poisoning Information; Medical Journal Abstracts, Roger O. Littge,M.D.

Microcomputer Feasibility In The Hospital Setting: A Microcomputer System As A Cost Effective
Expenditure In Computer Applications Feasibility Studies, Robert CA. Goff,M.D

A Computerized Clinical Support System And Psychological Laboratory, Russell N. Cassel
Microcomputer Applications For Biomedical Instrumentation: A Monitor For The Corning M-1 15

Blood Gas Analyzer, Robert C.A. Goff

Potential Applications For Smal Computers In The Practice OfMedicine, JamesGagne,M.D. . 49

52

55

59
63

69

COMPUTERS FOR EDUCATION & TEACHING
Minnesota Looks At Microcomputers, Kenneth E.
CAI In The Home Marketplace, Silas S. Warner .
A School's New StaffMember, Gerald Hasty
Microcomputers In The High School - Expanding Our Audience, William J. Wagner
Some Experimental Support For Educational Computer Games, Muata Weusi-Puryear .

A Videogame Microprocessor In The Elementary School, Al Ahumada & Sam Hersh
Discovery Learning In Mathematics, Ludwig Braun, JJo Ann Comito, Philip Reese, Robert Wlezien .

Boulder, Colorado's Community Computer, Stephan K. Elliott
Computer Simulation In The College Classroom: Implementation And Evaluation, Gene D. Steinhauer .

Computer Assisted Self-Evaluation At The University of California - Davis, Eli Cohen & Kathleen
M. Fisher

A Comprehensive Pupil Personnel Accounting System Utilizing Micro Computer Systems, Melvin L.
Zeddies

76
84
87
90
969
10
101
104

107

110

COMPUTER GAMES & PUZZLE SOLVING
Let's Get Serious About Computer Games, Bob Christiansen
Solving Soma & Polyominoes Puzzles By Computer, David M. Collison

116
120

POTENTIAL LEGISLATION AFFECTING COMPUTER USERS & OWNERS
The Ribicoff Bill, John S James
My Experience On Capitol Hill, John Draper

125
129

LOW-COST COMPUTER AIDS TO GOVERNMENT
Microcomputers In Local Government: Applications & Implications, Charles E. Barb, Jr..&

James R. Carter
Microcomputers In City Government, Monroe H. Postman

130
137

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 7 1978 November 3-5 t Los Angeles, California



Copyright & Software: Some Philosophical & Practical Considerations, Kenneth S. Widelitz .

Protecting Software Without Patents - What Alternatives, David B. Harison
Infringement And Licensing Of Proprietary Property, Sheldon R. Meyer . . .

INEXPENSIVE COMPUTING FOR BUSINESS
Business Microcomputers: Fraud Or Reality?, Rodnay Zaks
The Economics Of Purchasing A Small Computer, Casimir C. Klimasauskas
Implementing A Small Computer System, Casimir C. Klimasauskas

THE BUSINESS OF INEXPENSIVE COMPUTING
EDP Personnel As Independent Consultants, T. Michael Flynn
The Current Situation Of The Japanese Microcomputer Market & Hobbyists, Toshiaki Yasuda .

Legal Aspects Of Trade Associations In The Retail Microcomputer Industry, Oscar A. Rosenbloom
How To Conduct A Low-Cost Market Survey, Donald M. Dible
How To Raise Capital For Your Business, Donald M. Dible .

How To Get Distribution For Your Product, Donald M. Dible .

BUSINESS SYSTEMS SOFTWARE
BASIC And The Business Community, Richard E. Barnhart
CIS COBOL Brings Business To Micros, Paul O'Grady

FLOATING POINT STANDARDS &MATHEMATICAL MICROS
The Proposed IEEECS Floating Point Standard: What It Means To Hobbyists, Engineers,

& Businesses, Tom Pittman
Specifications For A Proposed Standard For Floating Point Arithmetic, Jerome T. Coonen
How To Avoid Rounding Errors, David M. Collison

MICROCOMPUTER SOFTWARE
Microcomputer Program Correctness, W. D. Maurer
Getting the Wonders Of UCSD PASCAL Going On An S-100 System, Jim Gagne .

A Portable Compiler For A PASCAL-Like Language, Mark Green
Videobrain And The APL/S Language, Ted Haynes

PERIPHERALS: PLAIN & FANCY
Why Can't We Have A $49 Correspondence-Quality Printer?, Bill McLaughlin
An Associative Memory For The S-100 Bus, Sydney M. Lamb .

The Majic Wand - A Computer Display In A Pen, Robert A. Freedman
Double Density Recording On Floppy Disks: A Comparison Of Techniques, Jefferson H. Harman .
5 Volt EPROMS: How To Use Them In Your Microprocessor System, Bob Greene .

COMMUNICATING COMPUTERS
A CBBS Manual, Dave Caulkins
The Personal Computer As A Universal Communication's Terminal, Mark Cummings .

THE UNCLASSIFIEDS: A POTPOURRI
Computer History: The Early Computer Environment In Southern California,Paul Armer,

Fred Gruenberger, Henry S. Tropp .

Second-Sourcing CPUs: Emulation, Ethics, and Electro-Politics, Chuck Hastings .
Automated Computer Controlled Editing Sound System (ACCESS), William R. Deitrick .

Compuvox: Very Low Cost Voice Input For Home Computers, Bill Georgiou
Unique Personal Computing Applications For Attorneys and Court Reporters, Douglas DuBnl
Two Years Before The Masthead or Write The Text Editor, Then The Text or How The Computer

Made Me Into A Writer, Jef Raskin
Organizing A Local Group Of Computer Users, Douglas J. Mecham
Your Computer May Speak, But Can You?, Jeffrey R. Wise .

POST-PARTUM PAPER: ARRIVAL AFTER THE PRESS BEGAN TO ROLL
Using Futures Research To Assess Policy Implications of the Personal Computer, Paul Gray

TABLES OF CONTENTS OF THEBESTOF THE COMPUTER FAIRES
Volume I
Volume II

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 8 1978 November 3-5 t t

Trademarks And Service Marks As Modern Goodwill And As Franchisable Properties, Hubert E. Dubb

In Support Of COBOL As The Standard Language For Small Business Applications, Dick Burkhalter .

Mathematical Programming On A Microcomputer With High Resolution Graphics, Christopher L. Morgan

An Introduction To APL/S: A Modern Computation Language for Personal Computing, Robert G. Brown

The Current Situation of the Japanese Microcomputer Products, Market, & Hobbyists, Toshiaki Yasuda

. 138

. 140

. 142
144

. 150

. 151

LEGAL ASPECTS OF COMPUTERS & SOFTWARE
»

Copyright & Computers, Neil Borstyn
Patentability Of Computer Software, Martin C. Fliesler

156
161
166

171
174
176
1 477

. 180
184

189
193
198

202
. 206

223
. 227

230
. 238

240
246

. 247

. 251

. 258
259

. 261

. 266

275
284

292
294
304
310
313

315
317
322

326
331

342
344

Los Angeles, California



YOU DON'T HAVE TO BE "GOOD IN MATH" TO FALL IN LOVE WITH COMPUTERS

Donna Norris
31 Tallman Place, Nyack, NY 10960

914/358-7485

Just over a year ago I knew only
random facts about large computer sys-
tems and absolutely nothing about
microcomputers.

Today I'm going to tell you what
I did to get involved with computers,
recommend some materials that I found
particularly helpful, outline the
computer literacy course I wrote and
taught to students in New York (this
project justified buying my computer),
make a few recommendations about
setting up classes in your community,
and hopefully dispel some myths you
may have heard about computers and the
people who involve themselves with
computers. You don't have to be
"good in math't to fall in love with
computers.

acquaintance in August of 1977 askingif I would teach a computer literacy
course to a group of gifted fifth and
sixth graders prompted me to get
started.

I had been a teacher in Los
Angeles but my knowledge about computers
was frankly limited to three facts: a
computer system has five parts, a byte
of information contains eight bits and
garbage in garbage out. These assorted
and unlinked facts had been among the
least essential things taught in an
assembler language course I had
taken ten years before and were the
only things I remembered.

Within three months I was an
expert in some other's eyes. Within
six months I had become an adviser to a
friend in Oregon who was setting up a
computer project at his children's
school. And now fifteen months later,
I have joined those who present papers
at the Computer Faire.

I began my search for materials
about computers on the shelves in our
attic. All three of the books I found
were ten years old and were related to
computer assisted instruction. Don't
bother to search in your attic. Books
two or more years old are already
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nearly obsolete. And if you, too,
should find copious notes from an
assembler language course, discard
them.

Reader's Guide to Periodical
Literature proved to be more fruitful.
It lead me to some recent articles
about computers and their applications
now and in the future. Secure some
recent articles. They are generally
easy to read and understand and will
give you up-to-date information about
computers today and predictions about
their use tomorrow. I find the news
exciting.

Next I visited some computer
stores. I have decided they are not
the place to learn about computers. I
can only compare the atmosphere to that
one might experience as a female
entering a country store and attempting
to ask questions about the subject
being discussed by the group seated
on cracker barrels around the pot-.
bellied stove. But go to computer
stores to see small computers and to
buy books and magazines.

A phone call from business

I bought all the books and
magazines that were available in
August of 1977. It was not a large
investment but there are many more
in print today. People's Computers
and Calculators Computers magazines
are recommended tor novices who don't
have a science or math background.
James White's book Your Home Computer,
published in 1977 by Dymax, is my
favorite among the many choices in
books.

Finally I placed an order at our
local bookstore for all the "in print"
books that had been written for
children about computers. These
books, even the old ones, provided a
basic foundation for understanding more
advanced material. I have since used
them as research materials for the
students in the computer literacy
courses. My three favorites are:
What is a Computer?, Marion J. Ball,
Houghton Mitilin Company, 1972;
Computers, Jan Jonas Srivastave,

78 Nov 3-5 Loe Angeles, Cal.



Thomas Y. Crowell, 1972; Computers -

Tools for Today, Claude J. DeRossi,
Regensteiner Publishing Enterprises,
1972. Perhaps you will be more for-
tunate than I and find them in yourlocal children's library.

At this point I began to feel
quite confident about my ability to
communicate intelligently about com-
puters, but the larger task of
writing a computer literacy coursestill lay ahead. So I decided to use
a plan I had devised when I planted
my first herb garden and produced myfirst animated film. Find a child
to work with you--yours or somebodyelse's, The youngsters I'd worked
with before brought enthusiasm,interest and perseverance to each
project and George was no exception.I was forced to accomplish a greatdeal more and in a shorter period of
time than I would have working alone.

Here's what we learned and
decided I'd teach to the students in
the first six sessions. They were
written to be used without a computerbecause frankly at the time we could
only dream about using one in the
course. Happily the dream came true!

SESSION 1: GENERALLY SPEAKING

Introduction--Find out what yourstudents know about computers and why
they're interested to learn more.
Here is the place to eliminate the
TV myths. Computers that carry on
intelligent, two-way conversations in
audible English and those that liter-ally blow up buildings are the most
common.

1. Teach them what a computer is and
what it can be expected to do.
Use pictures of computers and computer
systems to show various types that arein use.
Use computer generated credit cardbills to illustrate some of the specificthings computers can do--read, store,
add, subtract, multiply, divide, follow
instructions, compare and sort, count
and print.

SESSION 2: COMPUTER PARTS

1. Teach the students about the partsof a computer, what each part does and
how the parts work together.

3RD WEST COAST COMPUTER FAIRE

Use a computer diagram on the chalk-
board or constructed on a bulletin
board to illustrate the parts of a
computer system and how data and
instructions move through the system.

INPUT STORAGE

ARITHMETIC

CONTROL

OUTPUT

CENTRAL PROCESSING UNIT

SESSION 3: IP/OP
' . Teach the students about input and
output units and the materials they
require.
Use pictures of various types of
units.
Use sets of blank and coded Hollerith
cards to illdstrate one type of input
and output material. The students
can code in their own messages on the
blank card with a small nail or pin.

SESSION 4: STORAGE

1. Teach the students about different
types of storage or memory units that
are commonly used in a computer
system.
Use pictures or samples to illustrate
some of the types--magnetic disks,chips, floppy disks, magnetic cores,
Magnetic bubbles, magnetic tapes,Hollerith cards.
2. Teach them how information is
stored in a computer.
Use a series of lessons called"Bits and Bytes" written by BobAlbrecht. They appeared inCalculators Computers Magazine in the
issues.ctober, rough March, 1978

Use an electromagnet to clarify the
concept of magnetized (on) and
not magnetized (off) bits within the
computer storage unit.

10
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SESSION 5 : PREPROGRAMMING indepth knowledge that needed to
make an intelligent comparative choiceTeach the students how to analyze based on these hardware specifica

to solve.problems they want the computer tions asked about service. TheRadio Shack representative said itcould be done through their stores.Use the following steps and examples The Commodore representative said(or use your own) : plans hadn't yet been worked out.
1. Define the problem.

This situation has since changed and
I tell the story only to avoid having

Tim received a shipment of 999
my choice of TRS-80 construed as
an endorsement of it or a criticismcages. Gretchen received ship of the PET If you have only $600ment of 1001. How many did they to $800 to spend and want machinereceive together? to help you learn about micro
computers or to teach others about
them, either machine will serve your2. Develop an algorithm or step-
purpose.by-step procedure for solving it.

Add 999 and 1001. The machine arrived in late
January and the last five sessions of
designed to give the students an

Write the sum. the computer literacy course were
ae

step.
Draw a flow chart to show each opportunity to have some hands on"

experience with the computer. These
were the most exciting sessions to
plan and teach but I am convincedthis was primarily due to the fact
that the students and I had the back-
ground of the first five sessions.

If you can't buy a computer, yourlocal librarian, real estate agent,or whoever is the best source of
information in our community can
probably help you find someone who
has one. An article by Joann
Verplank in the March-April, 1977
issue of Peo Computer
was entitle Computer, ili
Travel." A person with that attitude
would suit your needs perfectly.

If you want to buy a computer for
under $1,000, visit the Commodore
and Radio Shack booths and stores or
distributors and try their computers.
Obtain promotional materials and
copies of recent issues of
Calculators Computers, Personal
Computing, Creative and
People's Computers whic have reviews
of both.

By early October, two small $600
computers had been announced--the TRS-80 Games on tapes are available
from Radio Shack and the PET from from both computer manufacturers, as
Commodore. I was convinced that I well as from many small companies.

have particularly enjoyedwanted one for myself and needed one
for the course. Since reviews had not Stimulating Simulations' availabie
yet been published on either machine, from Personal Software in Cambridge,

Mass.went to the computer show at the New
York Coliseum and visited both company's
booths. The demonstration pitches Several monthly magazines and

newsletters specifically designed forsounded similar. Both were filled with
and unabbreviated words like interface, being published. Some print their
bus, buffer and port. Lacking the articles and programs on cassettes
abbreviated words like RAM, ROM and 4K, PET or TRS-80 owners are currently

3RD WEST COAST COMPUTER FAIRE
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which can only be read on your com-
puter. Others print complete program
listings which you can enter into your
computer and copy on your own tape.

User's groups have also formed in
many parts of the country. Membership
requirements vary as do benefits.

Information about games, maga-
zines, newsletters and user's groups
can be found in the computer maga-zines.

If you want to learn Level I
BASIC for use with the TRS-80, use
Radio Shack's User's Manual for Level
1. COMMODORE BASIC for use with the
PET is being featured in a series ofarticles beginning with the February,
1978 issue in Calculator Computer
magazine.

Using many of these suggested
publications as resource materials,here's what we decided I'd teach in
the last five sessions of the
computer literacy course using a
TRS-80 computer.

SESSION 6: WRITING PROGRAMS IN BASIC

1. Teach the students how to write a
program for the problem they analyzed
during session five.
2. Teach the students how to write a
program to solve the problem A+B.

SESSION 7: RUNNING PROGRAMS

1. Demonstrate the use of the computer
by entering and running the programs
you wrote in Session 6.
2. Teach the students how to write a
program to solve a problem of the
following type. Run it on the com-
puter.

As you recall, Tim and Gretchen
have 2000 cages. They want to find acricket to put in each cage. They geteight friends to help them. Five
teams of two are formed. Each team isasked to find a minimum of 200 cricketswithin four hours. When the teamsreturn with their crickets we learnthat Team A found 56, Team B 346, Team
C 23, Team D found 200 and Team E.198.
The program must tell the computer toprint the number of crickets each team
found and whether or not they exceededtheir quota or missed their quota of
200.
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3. Teach the students how to change
the program so it will print out
whether each team exceeded, missed or
met their quota.

SESSION 8

Teach the students how to write a
program for a graph paper design.Let them run their programs on the
computer.
Use a tree design as an example.

x

X X
X xX

X

x
x

Demonstrate the use of a Go To
statement in a graphic program. It
creates a constantly moving design on
the screen.

And, if you and they are ready, changethe program by introducing FOR-NEXT.
These limit the number of times eachline in the design is printed.

SESSIONS 9 and 10

Demonstrate some games and/orSimulations for the students and let
them play in teams.

I've presented the complete setof classes four times--twice in a
public school to gifted students in
grades five and six; once at a summer
library program to a group of sixth,seventh and eighth graders who re-
sponded to an announcement which
appeared in the local newspaper; and
currently to a group of 4th, Sth and
6th graders on Saturday mornings at
our community library. Other young-sters from our neighborhood have
appeared at the door asking to see mywonderful machine (communicationtravels fast) and have spent whole daysexploring the use of the computer ontheir own. There's an idea some of the
young people may be able to use!

If you're planning to run a seriesof lessons there are a few recommenda-tions:
Keep the group small. 8 or 10 is the

78 Nov 385 Los Angeles, Cal.12



maximum, and limit the age range.
All students can be taught basic
programming, but only those with goodbasic math and reading skills will be
able to successfully use most of the
educational games that are currentlyon the market.
Work with gifted kids only if you'reself-confident and are not easilyintimidated. They're challengingand wonderful.
Find someone who can be called uponto answer technical questions or
supply other information requested
by the students that is beyond yourlevel of expertise.
Be relaxed about having youngstersuse your computer. Those who have
used mine have shown great respect
and it does not appear to have suf-
fered from overuse.

The steps I took to get involved
with computers are outlined for you.
They can be followed by anyone. You
don't need much money, particularlyif you're resourceful, you don't need
a math background, and you don't need
special skills.

Once involved, I hope you will
plan to take your knowledge and your
computer into your community and
share it with others, particularly
youngsters. I am convinced that
computer literacy will soon join
reading, writing and arithmetic as a
basic survival skill in our techno-
logical age. Your participation in
helping young people prepare for their
future should help justify your need
for a computer in all but your harshestcritic's eyes.

3RD WEST COAST COMPUTER FAIRE 13 78 Nov Loe Angeles, Cal.



An Introduction To Personal Computing : A Beginners Quide
Jerry FoxBob Moody - Mike Triolo -

2233 El Camino Real, Palo Alto, Ca. 94306

Introduction
Whoever you are, TheComputers are now personal! (18,500) to store ten-digit numbers.whatever you do - whether housewife, small tubes were so short-lived, ENIAC would not

businessman, student, professional, musician, run for more than seven or eight minutes
or real estate salesperson - computers are without a tube failure. Special vacuum
being made and sold at prices you can afford tubes were developed to cut down its trem-for applications beneficial to you. A person- endous power requirements(130,000 watts),al computer will open possibilities that will so the machine could run at a cooler temp-almost certainly change your lifestyle at erature. After constant and deliberate
work and play. work,ENIAC would run for several days with
You may ask yourself,"What is a personal out tube failure.
computer? The only computers I've ever seen Constant improvement over the years madehave been huge. How can anyone afford to ENIAC a very useful machine. The U.S.
put such an expensive piece of equipment in census of 1950 was possible largely be-their home, and where would I put it?". Al- eause of ENIAC, which was retired in 1955.most everyone's first imoression of a com- It took tremendous amount of knowledge toputer is of a monstrous machine, owned only operate and talk to ENIAC and its earlyby wealthy businesses, that towers over them, relatives. ENVAC, IAS, UNIVAC, and theoverseeing all and doing all. This may have early IBM machines. Engineers and scient-been an accurate impression 10 to 15 years ists labored for months to understand and
ago, but not today. The technology that has implement their usefulness.been developed over the past few years has The ENIAC computer cost more than half anot only reduced the physical size of comp- million dollars (that's 1950 dollars!) touters, but has lowered computer prices tre- develop. Today you can buy the same compu-mendously. ting power for under $1000 (that's 1978You have been in direct contact with comn- dollars).uters in one way or another most of your Through constant improvement these earlylife without knowing it. For example, many computers grew into the most influentialschool records end schedules are stored in tool of the twentieth century. The ad-computers. Your family or business tax re- Wavancement of many important fields couldturns are processed by a computer. Most not have come about without then. Medicinemajor department stores handle their buying comunications, space exploration, travel,stocking and billing by computer. Many news= and mass merchandizing (to mention just apapers and magazines are set in type under few) could not have come as far as theycomputer control. All credit card purchases have without computer technology.are handled by computer. Every check writtenis processed by computer. Dentist, doctor, The Best Software Buzz Wordshospital, gas, and phone bills are handled
by computer. The reasons are obvious. The first major hurdle you have to face inIn a city the size of San Francisco, for home computing is learning the lingo. Asinstance, it would take a tremendous amount & group, computer people have probablyof manpower to process all the checks San abused the English language more than thoseFrancisco banks receive in one day, or to log in any other industry. Our specializedthe number and duration of all phone calls
made in one day. Computing power is needed

language had overgrown, trying to distin-
guish word by word, to the point whereto handle that agiount of information, and English speaking people have great diffic-that kind of computing power is at your fing- ulty deciphering our apparent "gibberish'!ertips today.This presentation is principally for two
If it were up to me I would like to startall over again and use terms that every-reasons: (1) to bring a little light into one would be able to inderstand and notmisunderstandings about computers and (2) have to adapt to a complete new way ofto show you show personal computers can help conversing.you in your everyday lives, I can't do that, so all youfolks who are reading this book to gainan insight as to what personal computersA Brief History are all aboutwill have to forget the
accepted definitions of so-e of the wordsThe first digital computer, ENIAC, was builtat the University of Pennsylvania in 1946.
that you have learned in school and take
up It's not going to be thatIt filled a large room (1,500 square feet), difficult to do - just deprogram yourand weighed 30 tons. ENIAC used vacuum tubes brain and THINK COMPUTER.

3RD WEST COAST COMPUTER FAIRE 14 78 Nov 3-5 Los Angeles, Cal.



Tre first conruter terns ve will deel vith de-
scribe the vay we talk to our computerc. Soft-
were, as it cs}led, is the lict of instruc-
tions we cive to the corputer to do a job. It
is -lso the way com uter takes this list
and converte it to the Janguame it Ynows.
Rit=The smallest unit of reasure in a computer

ter word.
Bytes The space a letter ar distt (one
cherecter) tak s up in computer. in a
computer is measured in bytes. A megabyte is
a tillion
Ascii= American Standard Code for Inforvation
Interchanee: this is a seven-bit code that
defines letters and numbers thet the computer

Alphanumeric= Information tat is made up of
letters (the alphsbet) and dirits (numbers).
Input= The information t'at goes Ih to your
computer systen, The computers food.
Procram= A list of instructions to th comruter

Data= The thit ge-.s VC. D
when your program runs. Data is ali the infor-
mation you have your computer une, everything
thet you nut into your computer to store and
retrieve.
Cutput= Usine the »rogram you hve put into
your comruter as tie instructions and te data
for inform-tion, t e output is the finished
product your computer system produces.
Basis= Reginers All-Purpose Symbolic Instruc-
tional Code. A "Languave" that you will use to
write your prograns for your computer, using
tmelish words and phrases.
Fortran= Formuls Translation: anotler computer
leneuage used in programming that is composed
of Enzlish worés end symbols for instructions.

Progranning

The best way to start this chapter off is by
defining the term program. A program is a list
of instructions that ve give a computer so it
can do a specific joh for us. Though there are
certain rules that we have to fo low, it's no
more difficult to write or follow 2 corputer
program than it is to bake a cake fron scratch
ingredients. Eoth take time and practice to tc
done correctly, but they can te done.
The computer is a mac! ine thet has been desi-
gned to know two on or off. Yowever
simple this may sound, it is true. Knowing
that a combination of circuits is either on or
off, enables the corputer to "recognize" let-
ters and numbers.
Programs co tain strange and familiar words

(and familiar numbers). let's break down

what we in the corputer industry call a word.
First of all, the neme is changed. It's not
a word but a byte, and it's not a coplete
word like tho e you are readicr, but a single
character or number.
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From Ascii to Tesic

The nor-al alphabet as we know it hes to
ye broken dovn to
uter can understand it. This code is call-
ed Ascii character set. Ascii stards for
American Standard Code for Tnfornation
Interchange. "ric cofe plays a very imper-
tant part in the role of with a
computer. Tecause it is a standard,
ean safely say that all cigital corruters
use t*e igcii coce ta commanicete with
hanns.
The Ascii coce i- made ur of seven dits.
Tiese one's and zero's, when in certain

tions of seven, vil] m2ke up our
mnslish alphaber and rs, comp-
uter people and tendins towords heing diff-
ioult at tines, we bave ~dded one arm de-
tail to this code: cn eisht bit. This one
or zero is pl ced in front of the other
seven ond called a narit bit. This parityrit allo s the connuter to dcutle tre

hove aut ain Dependine or
tov the comruter and tre sendin~ device are
set up, The sending device chooses the
pigth hit co that the total number of ones

pari tz) or odd (if *t is usinre ofA perity).
Cnre the computer h received the byte
from the sendin device, it can chéck to
see of the parity is the a when he
byte was cent. Tf not, an error occured
in trensmittine the byte or cheoecter from
the sendine device to tie If al
this hs vou, don't be a q

you really don't need to know it anyyoy.
Just think of a parity bit as a way the
connater checks to see of the character
received is the one we sent. That's all!
Getting back to bits cond bytes! The Ascii
code, which you wil] Fear about through-
out this book, is listed in the of
this book in th in a table
that shows the alphanure~ics (alphebet and
namters 0 through. and the symbols that
we wil? use in prop-ra ming.
Having a secial code trat the computer
understands isn't enough for us computer
people to confuse you. 'hat we have also
done is moke it necessary to learn a
specicl language using our standard al~ha-
bet to talk to commuters. No! It's not
Southern Mongolian, but something a little
easier than English.
The languare thot rost hrve conputers use
is called BEGIMNHRS AT1~FPURPCSE
SYFPOLTZC IUSPRUCTICNAI COD is wht PASTC
stands for. This hore corputer lenguare i
designed as an interpreter, It is inter-
pretive in that wher we write a progre™ in
Basic it is done in a sequence of lines.
Each line is given a line number, and when
we give the progran to the computer to run
the instructions that we put in those lines

simple cofe 4. comp=
.41

word; several tits maze a byte or a comme

ich

uses its inmt. eine

telline 14 whet to 4o end er to do it. eck

in byte is even (if it it usine even

:
nrendix

RA
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are carried out in order of their line
numbers, unless the program that we wrote
directs otherwise.

Getting Down to Basic

This first program that I am going to show
you was probebly written by someone wio
wented to see somethingon a terminal* screen
rather than have it blank. The program
looks like this:
10 RFM: This is a dumb dumb program
20 Print "Help!! I'm stuck inside this box"
30 Go to 20

let's examine this program and see what it
will do. The first statement starts off
with the line number 10, that's simple, but
REM must stand for something. It is a REM
ark. REMarks in Basic are used to make
comments in the program to let other progra-
mmers know what we are doing, and to remind
ourselves what's going on in any spedi-.l area
of the program. OK! The second statement
(line number 20) is a command _PRINT_ that
tells the computer to print on its communi-
cation device or terminal to us the message
"Help!! I'm Stuck inside this box", The third
program statement (line number 30) has the
computer, after it is finished with the sec-
ond command, go back to line 20 and, there-
fore, repeat the command over again. The
result at the terminal would be this:
Help!! I'M stuck inside this box,
Help!! I'm stuck inside this box.
Help!! I'm stuck inside this box.
Over and over and over again.
Now this doesn't seem too exciting, but to the
passerby, if "e didn't know how to stop the
program with a special command, nothing he
typed into the terminal would stop the
damned thing from printing out "Help!! I'm
stuck inside this box," forever. These two
commands combined (20 & 30) constitute what
we call a loop. Starting with printing
"Helpt! I'm stuck inside the box" and goingback and doihg it over again loops us backinto a previously done portion of the program.The reason that the line numbers are increased
by 10 is because if we want to add any comm-
ands at a later date we have space to put
them in. Otherwise, if we used line numberslike, 1,2,3, we wouldn't have any in between
to add things on. (The computer doesn't rec-
ognize half numbers like 243 or 2 3 4).let us put the computer to a little moredifficult task, like counting from 1 to 20.This progrsn has a few more commands in it,but don't let it scare you. We'll take it a
few steps at a time.
10 REM: & program to count from 1 to 20
20 PRINT "Type in the number one".
30 INPUT N

*A terminal is a type of sending device
used to talk to a computer. It will be
described further in another chapter,
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-to it, very simple.

Let's look at the first three steps be-
fore we add more. The first command is
to give us 2 remark, the second command wil
have the computer print out "Type in the
number one". This is actually going to be a
prompt for the user to respond to. The
comruter wil] be asking us a question. The
semicolon at the end is a special character
that the conputer uses to type 4 response o
the same line that it printed the statement
The next command, INPUT N", is the resron-
se that the user types in (The "N"), It's
what the computer will use as data. Oh!
By the wey, the question mark at the end of
the print statement was put there by the
computer, It did this automatically he-
cause it knows that the user has to trove
something in and it is the way it asks us ta
do so.
The significance of the letter ", in the
third command, is notnines special; we can
use any letter we wish. Iet's edd a fev
more statements to the prorram.
40 LIT N= XN +1
50 PRINT N
60 IFN 20 THEN 40
70 PRINT "Finished".
80 End
line 40 getgus into a little bit of math.
What I want the computer to do is take the
number that the user types in and add a 1

Here's our friend the
PRINT statement again, N" wil] have
the computer show us the value of our original input plus 1. Let's push on. In line 60
we come to a very common statement thet is
used in the programming language Basic alot IF-THEN. The IF-THEN is used in this
cade to check and see IF the number that
was typed in at step number 30 plus 1 (tha
what we did in step 40, add a1 to it) is
less than(<e) 20, <is a special characterthat is used to represent "les than". The
second part of the statement is 40.
What I mean is to tell the computer to goback to step 40 and do it again, if the
number (N = 1) is less than 20,This will keep going on until we got to the
number 21, Why 21? Because, if we look at
the statement in line 60:

PRI™

60 IF N< 20 THEN 40
We see that at N 1=21, N is more than 20
and the program moves to the next step,line number 70, whick is our friend the
PRINT statement. At line 70 the computerwill tell us that it is finished, Line 80lets programmers know we are at the end ofour program. Ite's put the whole programtogether and see how it looks,
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10 REF: promran to count from 1 to 70
20 Parr "Tyne in the number one".
50 TTTPUT N
40 IPT N = N41
50 PRINT
60 IFF 20T 40
70 PRIVT "Finished"
80 End

14
15
16
17
18
19
20

Vhen vou first start out programming, it
pays off to desipn a flow-chart diagram to
give you a visuzl conceptisn of how the
program vorks. Youc-n se the different
stages in buildine nrorram ard its paths
to the end.
Tet's add a different endire to our
to daze it una litties
Te PRINT "If you want to run tyrey"
74 INTUT A
76 IF A 20
73 Rov!This sure is
OF! See if you evn follow clong on this ove.
Tine 72 Prings back the PRITT stater:ent avk-
ing if we want the computer to run our pro-
gram egcin. It vill wait for an anrwer, "n
74 we rereat the input routine, using a diff-
erent letter. 75 is -n again, tut
looping us back to the beginning cf the pro-
gram at lire 2°, Tine number 78 ic self-
explanatory. We'll list the -hole program
and see how mich we have added:
10 FE : A Progran to count from 1 t

FRINT "Type in the number ove"
30 IvFUT N
40 LET N = r+
50 PRINT N
60 IF § 20 40
70 PRINT "Pinished"
Te PRIV™'TF you want to run again tyre Y"
74 INFUT A

As "Y" then 20
78 FRI? "Foy!This sure ic dunb!"
80 End
Our forethourht paid off when we see tre
whole prorram listed. If we hadn't numbored
our lines with the sacins of 19 we would
not have been able to type in these extra
commands, OK! I'l] run the program on paver
here and show you how it would Jock on a
terminal:
Run
Type in the number 1
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FinishedIf you want to rin it in tyre in a Y?N
Boy! This sure Dumb!:

Hardware Vords
Now that we hav rough the basics of
how ve talk to personal con uters,ue will
next der] with the equipme: t itself.
were refers to the narts of a
system we cen actually pot our and: o,
Much like a stereo system, a sys-
tem is mde ur of modules rarts
In a besic stereo s : ster need a tuner,
receiver, arnlifiers, and srenkers, 3ach
working independently rrofuce rucic
but all tegether cive you the
desired result.
Of course, when we telk basics in any systen
we can always make it bigrer ard hetter
You can afd things like eessevre decks and
turntables to have your stereo do
mere. In 2 conputer syster ve can do the
some thing. Fost o* al} T need to define
the terms we will be dealing with. So put
your training hat back on € IT will
throurh seme basic bardvare terms.
Circuit Roard - A special coard on which
ernecific circuits have seen etched, or
"printed".Phe basic material is-a thin
sheet of insulating materin] thota layer

er ent

sten

:

25

of conver has been bonded to, then a leyermY
of tin goes rext. Fy using a photorraphic
technique areas of the tin and copner are
etched avay, Jeavine thin lines cclled
traces,76
Motherboard = A printed circuit board with
a svecific bus structure that many iffer~
ent kinds of prirnte? circuit boards enn
be "lured into.
Bus = A wire that carries an electrical
signal to to or more printed circuit
board... A bus structure would by many rus
lines that carry nany different signals.
Kicro.Microcomvuter,"icrorrocessor = These
terms mean the same as tke CTU. "Micro"
came into being wien we learne* to make
things small. The circuit itrelf is ahout
tie size of a pencil eraser.
CPU = The Central Processing Unit is the
prain of the comruter, the part of the
computer that thinks.

2
3
4
5
6
7

Ram = Random Access Témporary stor~
age used by your computer to allow you to
chanre the data you have put irtc it, which
is then transferred to a mass storage
device.

8
9
10
11
12
13
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Rom = Reed Only Memory, This is remory also,
but it has been prosrammed to rive out tre
same kind of information al] the time. It
never forgets . d cannot be chanred.
Eprom= "uch lixe Rom, Eprom( irasable Pro-
grammable Read Cnly Yenory) does not for-
get but hes one added feature. You enn
erase the irformetion that you have pro-
grammed in it by usine an ultra-violet li-ht
and reprogrem with different information.
Interface or I/0 = 4 connector that "Trans-lates" between to parts of 2 system. You

y nee? one interface for each peri-pheral that you hook to your conruter,
Serial I/O = This type of interface trans-
mits and receives data to and from tke CFU
through a single stream of electrical sig-nls. Serial transtission is used when the
requirements to hook up tre peripherals to
your CFU must travel through low-quality
long distance channels.
Parallel I/O = This type cf interface trans-
vris end receives data on a batch mode,
where there are 1 signals interchanred
at the same time. Miese kinds of transfers
can hapnen very fast, but ern't .e sent too
far.
Buffer = This is a holdine a for irform-
atirn to evualize or balance to different
operating speeds. For example, the outputof the computer might -e too fast for a
printer, so the information would be held
in 2 buffer until the vrinte could accept
the next batch of date to be nrin ed.
Peripherals = The divices attac'ed to your
computer, such as the display keyboard,
printer, etc.
Mass Storage = Any way of keepin~ a lot of
information CUTSIDS your computer, but eve-ilable to it. "This is your computer's
memory. "ost common kinds of nass storare
are tape and disk,
Cassette Storage = In a personal] computer
we can use an ordinary auto cassette playerto store information throurh a speci]interface,
Floppy Disk = A mass storage device that
uses 2 flesible platter to store 2 large
amount of information.
Hard Disk = Much like a floppy , a harddisk stores a tremendous amount of infor-
mation, but its nletter is much lrrper andnot so vortable,
Terminal = A unit for conversing (inputor output) with your computer,
board, plus display or print-out,
Tvt = Television typewriter. A Keyboardand electronics specially designed to turn
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It has a key

18

your TY into < terminal.
ouT= Your computers TY screen nwine youvhet's IN there.
tube) is your conputers wey of talking to
you. It is also refo to as a Aicp-
ley unit or terminal.
Sug = The cause cf a talfunction, usually
because they enn be herd to find.
n called burs"

The Centra? Procecsine Unit (CPU)
The first 271 rost important module is
tre CFU or TRAL PRCOCHIST & UNIT. Thisis the brain of a sycten. The
CFU does all the actual wor: aleul ti on

data alteration, and data reception and
transmission.
There arn : vide veriety of CFU'S on the
merketnl -ce, Denendins on who you talk
to, one lways better. than the other.
Don't let this confuse you now, 471 youroally need to know is thet a21
function lly the Ce ve will set
into the n : eul r tyres
The CPU, which is sometives called the
controller, is an LiI circuit. largele Inte ration (ISI) is the process ofputtine thois n@s -f componente i 4
very carer, To vive - ou in exa-pleusins ISI technolory, a dot this Size,.could contain over 1000 transistors. Hard
to belicve, rut true. Being able to
duce the physical size of the componentsrequired to do the job has rade it poss-ible for us to do tke sane tym of
ting work in desk-top microcomputers thatit took a larze room full of vacuum tubes
to do 20 -ears ago.
The CFU acts like a receiver-amplifier in
a stereo component system. Your stereocollects radio signals throus an antenna
and its receiv-r decipers those signals
puts then in some kind of order, and sends
them to tre : section, The arpalifier boosts than up and transrits thento vour speakers, where they are output-ted as sound, Your r ean aloreceive signals from other devices as wellturntables and tane decks provide storedSignels that are proerssed nd outputted.The CFU, too, collects or calis in si -nels (dato) from different modules,actson them an' outputs si-nals throuch the
same or other mod.les,.

ter

Ram
Randon Access Vemory is the nodule ina
computer system that is the temporarystorage device for programs and datz forthe CFU to process. This storage devicekeeps all the instructions, ond data forthose instructions, in an orderly fashionso that the processor can act on them.
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Memory is organized much lixe tre sorting
boxes in - post office. Each tenory loeation
can hold (or store) a fixed amount of infor~
mation. In a micro, each menory location
can store one byte or eirht bits. They also
are numbered so the CU can find then quickly
and are labeled by en "address"(a sort of
nare ) .

Ror
Read Only Memory stores information just like
Ram does, but it has one prorerty that Ram
does not. IT FORGETS, :ven when the
power is turned off, it still remenher
what stor d inside.
This type of module gives us a fantastic
tool that we use constantly. In the pro-
gramming chapte we rentioned that the
basic computer svsten itself can not do any -

thing until we sive it a list of instructio-
ns. 'Ve also mentioned that there was a
of those instructions that had to be used all
the tire, These are stored in ROM. Thus
ROM allows us to store innortant, often-
used instructions, so we don't hcve to keep
inputtine them, time and again.
Mass Storage
The mass storage rodule allows us to store
a tremendous amount of data outside the
computer. It is our active file cabinet, so
to speek. Paper t-ne,audio cassette,floppy
disk, and hard disk are the most common mass
storage devices.

1/0 or Interface
To get into the CPU in a way useful to us
humans, we need input output devices, which
connect to the CFU throuzh interfaces, The
interfaces are electronic circuits that per-
mit controlled data flow from the CPU and its
memory components to us on the outside at
our various terminals. Cur use to exchange
information with the CPU.
There are to basic 1/0 interfaces used in
home corputing: serial and parallel.
Serial Interface
Serial interface is widely used because it
is the easiest to use. In the basic hook-
up only three wires are needed: transmit
date, receive data, and ground.
The seriel 1/0 takes the Ascii code, or the
seven bits, and sends and receives that data
one bit at a time. The seriol 1/0 is used
where your corputer system is linked to
outside peripherals over a lon= distance.
(Te distance limitation is dependent usually
on tow the interface and the periphsral are
constructed, either current loop or RS232.
Both of these types of serial interface are
used).
Paralled Interface
Parallel 1/0 is a little nore difficult to
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hook up than seri-1 1/0, Taraljel tyresof interfacing require the dota bits
to ve con-ected at one tire, co you
usually have nine or ten wires going bet-
ween the computer and the de-vices, You have lin-s for the seen databits th t make ur the Ascii letter or
number, a ground line, and one or trolines thet e enti "hand-shake" lines.
These h nd-shake Is communicete tac
and forth between the peri-
pherel and the computer. This informet-
ion lots the peripheral know wren the v-om~
puter ts reat to accept another charac-
ter and vice versa.
Thic type of data transfer is dore on a
batch mode, in which the ertire byte of
word is transferred at once. This tyneof 1/0 is used when you went to h: ve
ave-y fast data transfer. Its draw-
back is that the compute~ cannot be veryfar away from the

i11

4

What Can I Do "With It?
The question most often asked of me is
"What can you do with a persone] comp-uter"? The possibilities are en@less, so
I usually answer "Anything that you need
a tablet of prover, a pencil, and
held calcul-~tor for, you can do faster,
more reliably, and or- accurately with
a personal computer. "The following list
covers just a few uses, Let your imagin~
ation go and you will te able to come up
with many more possibilities!,

haaw a

Recordkeepins
Inventory Manarenent
Routine Correspondence & Form letters
Filling out forms.
Calculations of all kinds
Receiving placing phone calls
Matching any information with any other
information
Polls and surveys
Indexing
Cataloging
Solving problems
Printing out results
Engineering design aid
Maintaining lists,especially;

Mailing lists
Shopping listsStocklists
Packing lists

Sales analysis
Travel & route planning
Scheduling
Ticketing
Distribution
Scientific calculations
Education
Accounting & billing
Invoicing
Sorting
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Receipts
Taxes
Addressing
Budgets
Forecasting
Reducing the physical size of

Files(customer files, corves-
pondence, product files, etc)
Ko more file cabinets!!

Playine games
Cashflow
Maintaining "tickle-files"

(calendar-reminder systens)Filling out checks
Playing the stock market
Filing
Nemenbering all transactions
Making & card extalogs
"Simulating" results of one action
versus others, so you can comperetheir outcones,.

Editing
The majority of peorle who herve locked at the
personel computer marketplece todsy have seen
only the fame side of it. "hey rrob-
ably think computers are cousins to the video
games no on the market, Thourh you ce use
@ 1 computer to pley video games, itis not fair to limit rersonal computers to
game vlaying. Don't get me wrong, video
games are a great pastime and a different
application for the home TV, but a versonal
comruter can do o much more. I will touch
on just a few of the possible home, hobby, and
business ap-lications possidle with a personal
computer,
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A CONSUMER'S GUIDE TO PERSONAL COMPUTING AND MICROCOMPUTERS
1978 Hayden Book Company, S. Freiberger and Paul Chew Jr.

Stephen Freiberger, P.0.Box 1427, Fremont, Calif.94538
Software Specialist, Digital Equipment Corporation

Introduction
Hundreds of thousands of people

are finding an interest in the new
consumer electronic product called a
microcomputer. The microcomputer is
the basis of a complete microcomputer.
system which is often called a person-
al computer, home computer, or hobby
computer. Over 30,000 people will
probably attend this computer fair for
the main purpose of finding out more
about these new products. Many people
attending this fair have no previous
exposure to the technical areas of
electronics, microcomputers, or large
computer systems.

Due to the fact that many mam-
facturers assume the potential custo-
mer has a technical background, not
all advertisements are written in an
easy-to-understand language. Out of
over 150 mamfacturers of microcompu-
ter products, only a small number
take the time to prepare ads that are
easily understood without prior ex-
perience. This presents a major com
munication problem to persons newly
interested in microcomputers. Select-
ion of a microcomputer system without
full comparative data on others can
be an extremely risky proposition.

This presentation and the book
by the same nam are designed with
the sole purpose of helping someone
new to the area of microcomputers to
solve this problem. No previous
knowledge or experience is assumed in
electronics, computers, or microcom-
puters. The design is to define and
build up basic knowledge in an easy-
to-understand format. This will
enable one to easily gain the basic
information needed to make some kind
of a comparison between the 4,000 or
more microcomputer products available.

Selection criteria can be subtle
as well as critical in selecting a
microcomputer system that is suitable
for the job. Information on choosing
a microcomputer product will be pre-
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INP RE sented. Many forms of microcomputer
products will be discussed with their
basic characteristics and cost ranges.

Some of the questions that will
be answered by this presentation are:
What exactly is a microcomputer, What
makes up a microcomputer system, What
forms of microcomputer products are
there, How to choose a microcomputer or
personal computer, What are the price
ranges, and What to look for in select-
ing a good microcomputer or system.
Other questions that arise can be ans-
wered after the presentation if they
haven't already been answered by then.

Computers and Systems
What exactly is the distinction

between computers, systems, hardware,
and software? Most people have been
exposed to a larger computer system
either directly or indirectly. Compu-
ters are general purpose devices that
can be programmed to process informat=
fon or perform various tasks at incred-
ibly high speeds. A computer programis a list of instructions for the com-
puter to follow to complete a given
task or process. An example would be
a business accounting program or perhaps
a Star Trek game program. Once pro-
grammed, the computer can execute the
program at tremendous speed and accure
acy, making complex caculations or de-
cisions in less than a thousandth of a
second.

A computer system, as its name in-
plies, includes not only the computer
itself, but also all related equipment
needed to support it. This includes
such things as printers or terminals
that allow a user to commnicate with
the computer system. All of the phys-
ical equipment in a system are called
hardware. A complete computer system
also includes all of the computer pro-
grams, lists of instructions, and doc-
umentation necessary for it to perform
useful work. These are called software.

An interesting note is that if you.
place a piece of software firmly in the
electronics of the hardware, then it is
called firmware. It's roughly analo-
gous to silverware since it helps a per-
son to easily access the piece of system
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software without making a mess of
things. The firmware might even be
extended instructions to make pro-
gramming easier or more efficient.
Mainframe-, Mini-, Micro- Computers

Three main categories of compu-ters exist. The large computers or
computer systems are called main-
frames. They may cost anywhere from
around $200,000 to over a million
dollars or more. A mainframe compu-ter system such as a large DECsystem-20(1) 4s capable of sharing its com
puting power between up to a hundred
or more users. Each user would ap-
pear to have her/his own computer.This is called timesharing.

The second category of computersis minicomputers. Often they are
intermediate sized computers or sys-
tems which are not quite as powerfulor expensive as most mainframe com
puter systems. Prices and relative
performance vary widely according to
the design and size of the minicompu-ter. The term minicomputer is dif-ficult to define when you considerfor example that the VAX 11/780 (2)
minicomputer is faster in scientific
applications than many large main-
frame computer systems, but yet isless expensive.

The third and newest category of
computers is the microcomputer. A
microcomputer system is composed of atleast three basic components. Firstis the microcomputer itself, which can
be thought of as a small octopus
capable of controlling many other de-vices. The microcomputer processesdata and makes logical decisions aboutthat data according to the program itis running at the time. The secondbasic component is some sort of deviceto input data into the microcomputer.This input device converts some formof data into electronic signals to be
passed along wires to the microcomput-er. A common input device is a key-board similiar to the keyboard on a
typewriter. The third basic compon-ent is some sort of an output devicewhich permits the microcomputer to
output information in some useable
form. This might be a printer or adevice to punch the information on
paper tape. Any of the three basic
component parts of the system may be
physically distinct, or even combine
ed together. For example a floppydisk unit is a device that can inputinformation from a flexible magneticdisc, it can also output informationto the same flexible disc. It could
be called an input/output device. Butsince its main purpose is to store
large amounts of information, it's
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more properly called a storage device.
The Microcomputer's Structure

A microcomputer is really a smaller
less expensive form of computers that
has certain attributes. Most micro-
computers can easily fit on the top of
@ small desk or table. Like other
computers, a microcomputer is normally
a general purpose device capable of
processing data and making decisions.
The microcomputer has four main sections
which are: a central processing unit, a
memory section, input/output circuitry,
and other support circuitry.

The main attribute of a microcom-
puter is the fact that it has a central
processing unit based upon one or more
microprocessors. The central processingunit, or CPU, controls the operation of
the microcomputer and the flow of datawithin it. The CPU section of many
microcomputers is often a single print-
ed circuit card. Sometimes the circuit
card is called a module or a board. The
CPU section includes the microprocessor
and the electronic circuitry to inter-
face it to the rest of the microcomputeer. The microprocessor is the nerve
center or thinking center of the CPUsection and microcomputer as well.

The memory section of a microcom-
puter holds information and programsthat are immediately accessable while
the microcomputer is running. The
memory section consists of electroniccircuits to hold the current information
and programs, and to make it available
as needed by the microprocessor.Information or programa can be storedin various types of memory for immediateaccess by reading or writing to variouslocations in the memory. The normal
working memory is random access memoryor RAM memory. Any location can be
read or written immediately. A minor
disadvantage of RAM memory is that ifelectrical power is removed, the datain it is cleared. Another popular typealso found in many microcomputers isread only memory or ROM memory. Varioustypes of ROM memory are used to per-manently hold data or programs. Theyare read-only and the data in them cannot be lost or changed normally.The input/output circuitry permitsinformation to be transferred into orout of the microcomputer. This sectionis the microcomputer's link to the out-side world. Almost all input/outputdevices could be connected to thissection. There are literally hundredsof types of input/output devices avail-able. Each translates some form ofdata into a form suitable for the elec-tronic circuits of the microcomputer.Usually the input/output cirouitryincludes several "ports or various
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interfaces to commnicate with several
input/output devices.

The other support circuitry in-
cludes all of the other electronic cir-
cuitry needed for proper operation of
the microcomputer. This includes such
things as the power supply to providethe other circuits with the power theyneed. It also includes such things as
the circuitry needed to connect all of
the sections of the microcomputer.

Each of these four sections of a
microcomputer may be physically dis-tinct or combined with one another.
larger microcomputer might include a
memory section made up of more than 5circuit cards just for memory. In
another microcomputer the memory sec-
tion might be found on only a small
area of the CPU card. All of the four
main sections of the microcomputer are
interconnected electronic circuits
that operate at high speeds.

A

The Microcomputer's Internals
Some of the design goals for thesecritical electronic circuits of the

microcomputer are: low cost, high speed,
maximim computing power, and small phys-ical size. To attain these goals, the
electronic design makes extensive use
of small parts called "integrated cir-
eaits"" in a "dual-in-line" package.

The integrated circuit or IC is a
small electronic part that looks like
a mechanical centipede with small metal
feet. Actually the IC is a thin small
rectangular package with 2 rows of
metal pins. It is made from a tiny
chip of silicon which has a microscop-
ic electronic circuit on it. Small
wires connect the metal pins of the IC
to various points in the microscopiccircuit inside. The size and number
of metal pins depends upon the com-
plexity and design of the circuit in-
side it. It may have as few as 8 pins
or as many as 40 or more pins. An IC
may contain the equivalent of as few
as 5 to more than 50,000 electronic
parts such as transisters, capacitors,
and resisters, all integrated into one
tiny chip of silicon inside a package
less than a few inches long.

Thousands of various types of ICs
have been designed and produced. Most
new electronic circuit designs can be
constructed from these basic building
blocks. Each IC performs some specific
task or function that it was designed
for. It may be a counter circuit, a

multitude of other possible types of
ICs. Many ICs can perform their task
or operation accurately in less than
a millionth of a second. This is what
allows the microcomputer to operate
reliably at incredible speeds, but yet

be small in cost and physical size.
Large Scale Integration

As the semiconductor technology ad-
vanced, large complex electronic cir-
cuits became available on a single inte-
grated circuit. These very complex ICs
contain a large number of microscopic
functional parts combined together. The
technique used is called "large scale
integration" or LSI. These LSI ICs may
appear similiar on the outside to a
standard IC, but often they are a lit-
tle larger. LSI ICs may require as
many as or more metal pins in order
to use the complex circuit inside them.

The small chip of silicon that
holds the microscopic circuit actually
only uses up a small area of the physi-
cal package. Ironically, most of the
size of the package is required for the
metal pins or leads. Enough spacing
of the pins is needed so that it can be
easily connected to a circuit card.

Many ICs of all types are connect-
ed directly to a circuit card in the
industry. The normal method is by
soldering the IC pins to printed metal
traces on the card. For personal com-
puters or hobby computers, it is much
more desirable to use IC sockets on the
card. This allows easy insertion or
removal of the ICs if needed for repain
The Microprocessor

A microprocessor is composed from
one or more LSI integrated circuits. It
is the main component of the CPU gece
tion. A key feature of the micropro-
cessor is the ability to recognize and
perform a variety of small tasks and
instructions. The complex internal
switching circuits allow it to perform
or execute anywhere from around 30 to
as many as over 400 instructions for
some types of microprocessors. Hun-
areds of different microprocessors are
available. They vary greatly in such
things as speed, relative power of the
instructions, the number of instruct-
ions, and their use. The microproces-
sor is the nerve center of the micro-
computer and actually controls the
electronics of the whole system.

The microprocessor makes decisions
and processes data within the micro-
computer. In order to accomplish this,
the microprocessor reads a list of in-
structions of what to do next from the
memory section of the microcomputer.
It sequentially executes each instruct-
ion in the list of instructions or pro-
gram one at a time unless' directed oth-
erwise. The program(s) to run are
placed into memory for quick access
when being run by the microprocessor.
A branch or jump instruction, or a re-

logical decision gate, a timer, or a

23 1978 November 3-5 t Los Angeles, California3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302



set switch on the microcomputer mayredirect the microprocessor to start
following a different list of in-
structions also in memory. Other in-
structions may do arithmetic opera-
tions, or move a single character of
data, or many other small tasks. The
single character of data could be moved
to a space in memory called a "byte".Since there are many locations avail-
able in the memory section, the micro-
processor mist also specify an exact
location or address in the memory.

The microprocessor instruction
might also output a single byte or
character of data to the input/outputcircuitry of the microcomputer. In
these cases, the microprocessor in the
CPU section and the other sections
within the microcomputer need to com-
municate. A specific address and a
specific byte of data may be exchanged
by these sections of the microcomputer.
An "address bus" and a "data bus" are
simply the common paths that run be-
tween the sections of the microcompu-ter as needed. An address or a byteof data then may easily be passed be-
tween the sections of the microcompu-ter azong these common paths.
The System Bus and Flexibility

A system bus includes the data
bus, address bus, and other needed
paths between sections in the micro-
computer. Those microcomputers thatutilize a system bus design allow easy
changes in their modular design. Most
microcomputers utilize this type of
design for flexibility and expansioncapabilities. A small base platformwith connectors is often used to con-
nect all of the circuit cards to the
system bus. It is usually called a
"motherboard" or "backplane". This
allows the microcomputer to be design-
ed with a mimber of small modules orcircuit cards. They can easily be
plugged in or removed from the mother-
board to allow changes or future
additions. A user may want to plug in
additional memory cards to increase the
number of bytes of storage in the
memory section. If a problem shouldarise in the hardware, it can often be
traced to one card and fixed or replac-ed. Some varieties of microcomputersare designed as a single large circuit
contained on a single card. These
designs may be more compact, but do not
make use of the modular design capablewith a common system bus and cards to
plug into it.
The Complete Microcomputer System

There are roughly five main cate-
gories of microcomputers and microcom=
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puter systems. The first is a complete
microcomputer system, which as the name
implies is a complete and operational
system. It includes a microcomputer
with a CPU, memory, input/output, and
support circuitry. It mst have at
least one input device such as a key-
board to enter information, and at
least some kind of output device. The
output device might be a video inter-
face and RF modulator to display infor-
mation on a television set. Many types
of input/output devices can easily be
seen at any computer fair, including
devices that listen and talk back to

for some kind of storage device to per-
manently hold whatever data or programs
you have entered. Data or programs can
be read or written to or from a storage
device as needed. They are slower than
memory, but can hold over 20 times as
much information as an average size
memory section. Some floppy disk units
allow for permanent or temporary stor-
age of up to 500,000 or more characters
on a double sided flexible magneticdisc. The disc can be removed for safe-
keeping or a new one can be inserted
easily to hold new information.

Software programs for the user
should be included, but sometimes only
a minimm of programs are included or
even available. Since the natural lang-
uage of the microprocessor is just num-
bers and codes, some better form of
language is used to write programs.
Assemblers are available to run on the
microcomputer and let you program in
mnemonics, which is a little better but
not mech. Other software such as a
Basic compiler lets you write and run
programs in Basic language. This is alot easier to learn and use. A systemmonitor or operating system programallows the user to easily control and
use the microcomputer system. A prop-erly designed operating system programwill have simple easy to use commands,but yet perform many powerful functions.
Commands like type, copy, or run anoth-
er program can make life easy for the
user. An editor program of some kind
allows the user to easily examine or
change programs or data.It should be noted that the soft-
ware or programs for a system are as
important as the hardware equipment.
The software is often more expensive in
time and cost than the hardware it runs
on. If desired software programs are
not available for your type of micro-
computer, then the time spent writingthem could be worth more than the hard-
ware costs. On a large computer systemit may take a month fulltime to designand write a complex program that works
correctly. On a large computer system

yOUe
Most microcomputer systems provide
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the costs for software and program- tool or evaluation kit for a user toming may easily be over twice as mch learn about a specific microprocessoras the hardware expenses. Each year type.the hardware cost/performance ratio
gets better, while the software costscontime to climb. Programming on a

The Microcomputer in a Cabinet
microcomputer will take longer than The third category of microcompue:on a large computer. Powerful high ters is the standard microcomputer inlevel languages such as COBOL (3) a cabinet. It should include all ofspeed up design time on large compué the four sections and parts needed toters. Many microcomputer systems make it an operational microcomputer.have adequate software, but it is
very important to verify the fact. It might have a front panel with switch-

The complete microcomputer
es and lights, or it might not need one.It might have only an on/off switch.system is of course the most expen- Prices for a standard microcomputersive category. It offers the advan- range from around $350 to as mich astages of being assembled, tested, $2000 for more powerful versions. Somecomplete, and last but not least, do not include any memory, even thoughworking and ready to use. Many are they are called a microcomputer. Someavailable in assemb1ed form with include only the CFU card and powerprices starting at $500 at the low end supply.to $9,000 for high performance systems

Since options can be priced
at the top end. very high, it is best to also con-

Some systems are also sider the cost of the total package.available in kit form, but they often When adequate memory and input/outputneed technical experience to assemble. sections. aresadded in, the given pro-duct may not be the best buy.The Limited Microcomputer System
The Microcomputer on a Card

The second rough category is
microcomputer systems which are more
than just a microcomputer, but not Many manufacturers produce a micro-

computer based upon a single card. Thisquite a complete system. A complete fourth category of microcomputers has
microcomputer may be included with the most of the sections of a microcomputer.
CPU, memory, input/output, and support It may only lack a power supply for thecircuitry. However the system may be single card to be operational. Such
missing an input device, or it might single card microcomputers are conven-
have some other limitation. It may ient and are priced at around about $200have only a storage device and no or more. They do require some work by
input/output device for the user. A the user to build a system around them.
prime example of this category is the The main advantage is compact, low-cost
microcomputer with a built-in floppy computing power. Often thay can be useddisk unit. It is mich more than a with some standard microcomputer system
microcomputer, but clearly not an bus. This gives flexibility in design-
operational and useable system by ing and building a system. CPU cardsitself. Something mist be added, but are similiar, however they may not haveit would make a good starting point. any memory or input/output circuitry on
A user can easily purchase input/oute the card. The CPU card is designed to
put devices separately, provided that be used in some type of system bus
they are available and compatible. design with other cards such as memory

Another type of limited micro- cards. CPU card prices start as low
computer system is the small learning as about $100. Circuit cards for other
system contained on a single card or sections are similiarly priced.
two. It usually has all the sections
of a microcomputer included, but per- The Microcomputer on a Chip
haps only a small amount of memory.
Often it has a limited form of input/ The last category of microcomputers

The input device may is the microcomputer on a chip. Chipoutput device.
refers to a piece of silicon in anbe only a caculator style numeric

keyboard, or perhaps a strangely for-
The

integrated circuit. The microcomputer
mated keyboard to save space. on a chip is astually a special type
output device may be an é digit of LSI integrated circuit. It ia
mumeric display. This form could be similiar to a microprocessor, but also
called a system on a card and may be contains memory and input/output cir~
complete, although still a very limit- cuitry. Microcomputers on a chip and

This type of product may microprocessors may cost as little ased systen.
$5 to mech more than that for morebe priced reasonab.ly at around $200 or

At this level, amore, but expansion into a full system powerful versions.
may be expensive or even impossible. great amount of work may be needed to
They are often designed as a learning complete a working system.
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Selection Criteria
Selection from hundreds of mam--

facturers and thousands of microcon-
puter products can be extremely dif-
ficult. The hardware equipment
should be evaluated carefully to see
if it will meet all of the current
and future needs. Replacement of a
whole system in order to go to a
larger system can mean a major loss
of time and money. Many systems are
adequate for learning during the
first 6 months, but a user can quick-
ly gain expertise and outgrow the
limits of the system.

The software or programs provid-
ed should be user-oriented and power-
ful, but also easy-to-use. You
shouldn't have to read a list of
codes to figure out what command
code to enter next. One should look
closely at the memory and input/out-
put circuitry of the microcomputer,first to see if there is any, and
second to see what amount. A common
measure of the size of the memory is
the mamber of "K" bytes of space.
bytes or locations of memory. If the
memory size is specified in bytes,
then a 2K byte memory card is equal
to the space needed to hold 2,048
characters or bytes of data.

Another important factor in
selection is the ruggedness and re-
liability of the product. If the
product proves unreliable, repairservice may be very expensive or not
even available in some cases. If the
input/output devices work sometimes
but not always, the system is ten
times as hard to use.

Careful attention should be
given to input/output devices to sel-
ect those.that best fit your use.
One most importaht step is to
check that a variety of options for
the system or -micraemputer are
available. At some point they may
be needed. This includes not only
optional cards and devices to expand
the microcomputer, but also a varietyof programs to make the system easier
to use. The user should not be ex-
pected to have to sit down and write
programs with only limited help from
the system. Useful programs should
be included or available to help the
user.

In general, a serious purchasershould carefully review the detailed
specifications of to seo
that: they. are not exaggerated. A
comparison of features and items
included at no charge will help.
One often used technique which may
answer alot of questions, is to
locate and talk with a previous buyer.
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Even if the product is a different
model or version, it will indicate
some of the good or bad features of
a specific microcomputer product.
Summary

It is hoped that this presentation
and the book by the same name will
help a person new to microcomputers
to wade through the technical jargon
of the industry. Given a little
time, these same people will someday
notice that they have mastered even
the most technical aspects of personal
computing.Further information can be found
in the book "A Consumer's Guide to
Personal Computing and Microcomputers
by Hayden Book Company. The book is
an introduction and guide to microcom-
puters and related topics, including
a detailed purchasing guide with prices.
The book assumes no previous lmowledge
or experience and is available from
Hayden Books, Hobby World, or Jade
Computer Products.

The cooperation of the co-author
Paul Chew, Jre, and over 50 mamfactur~
ers has made the book possible and is
greatly appreciated. I will be
available after the presentation or
through the mail to help answer
questions that may arise. I extend my
thanks for your participation and
interest in the computer fair.

The K" stands for a size of 1.02)if
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Reference Notes
(1) The DECsystem-20 is a registered

trademark of Digital Equipment
Corporation. It is a family of
large scale mainframe computer
systems.(2) The VAX 11/780 is a registeredtrademark of Digital Equipment
Corporation. It is a powerful
minicomputer which outruns manymainframes in scientific uses.

(3) COBOL is a widely used business
computing language with extensive
programming statements and file
handling features.

(4) The title of this presentationis taken from a copyrighted book,
A Consumer's Guide to Personal

Computing and Microcomputers",
copyright 1978, by Hayden Book
Company.
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THE VISIONS OF A FUTURIST
Alan P. Hald

The Phoenix Group, Inc.

Today's nonsense often were programmed with an effec-becomes tomorrow's realities. tive search technique for iden-Dreams and visions are powerful tifying household services.forces in influencing the di-rections we choose. Having accepted Slim's advise,What may Fred placed that call to yourhave been dreams in past decades office.can become matter-of-fact in You've learned to trustthe near future. Right now, Fred's judgment, and approvea doctor in Anaheim is probably the repairs, The rest is rathercompleting her prototype of Straight forward. Fred callsC3P0. She plans to sell the the roofer and directs herkit version early next year, to the leak. After it's re-just in time for Star Wars II. paired to Fred's satisfactionAnd how about that engineer - Fred is conditioned to bewho's been working on a $2995 assertive - funds are elec-tabletop IBM 360/158 emulator
in his spare time? He hopes

tronically transfered from youraccount to the roofer's accountto sweep the small computer (remember you already approvedmarket next fall. Think of this). Fred promises to giveall the possibilities. I her a good reference and wishespersonally feel that information
technology, and especially

her well as she leaves the yard.
One footnote. That night,microcomputers, have initiated after you've relaxed, Fred tellsa period of explosive innovation you some bad news. It seemsthat will be unequaled in modern The City has passed a minimumtimes, indeed, a New

Renaissance. maintenance ordinance requiringthat all homes must maintainHave you ever thought what themselves to standard, regard-it might be like if you could less of the owner's financial
carry on an intelligent con- capability. From Fred's projec-versation with an inanimate

Home
tions, it seems you must eitherobject - like your house? get a better job, find a room-

computers can already talk, mate, Or another home. By theinterpret speech, and control way, Fred has already found
appliances. Throw in a few three potential roommates
sensors, a modest vocabulary, that
the Bell Telephone system and Could you imagine being
your house could talk to about a child, growing up in a home
anyone or anything in the world. like Fred? Slam the door or

Imagine, you're at work, write on the walls and Fred
the phone rings. It's Fred, asks you to stop. You'd develop
your house. While monitoring a different sensitivity to yourthe morning news reports for environment. Objects wouldstories of recent burglaries, become more like people. You'd
Fred picked up a weather bulletin relate to them with care and

affection.warning of pending heavy rain.
This jogged Fred's bubble memo- Will Fred and others like
ries to run a routine roof him become a reality? I think
maintenance check. A potential so. This application of micro-
leak was found. Before calling computer technology satisfies

the basic desire for convenienceyou, Fred phoned Slim for advise.
Slim is a ranchstyle home down and the need for conservation.
the block. Normally, one refer- Two conditions that often appear
ence wasn't enough for Fred, to be at opposites in our
but Fred and Slim often shared society.
data banks and each knew they Back to childhood. Growing
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up with Fred, who is also a pating needs and results from
babysitter and playmate, can large numbers of individual
be dull at times. What else choices. The Government even
is available? there uses the game to fiddle withOf course,is the home computer everyone the economy. It appears that
talked about in the late direct intervention in the real
seventies. Sitting right there economy is too risky - it upsets

Where? the game!in your telephone. I'm amazed! Here we areActually, they're all over your
house, even the Robovac unit in the future, playing computer
can play word games. But what games again. Yet, they've become
really interests you today is very real and meaningful experi
the video disk library of ences. The distinctions be-
learning. I remember as a tween the game and reality have
kid how I would randomly thumb blurred. Look closely, we are
through the World Almanac, witnessing the beginning of
absorbing facts because it was an era where the distinctions
fun. Now you're bouncing fade away. Where reality is
through your playground ot a concensus among all the play-
knowledge, watching video on ers. Where existence becomes
the screen with audio scaled te an expression of the imagina-tion. Truly a time of visions,your learning level. From birth

dreams and nonsense.you've been exposed to this
media, your thinking is more
conceptual, you look for and see
patterns. You're experienced About the Author:
in searching for and finding
information on anything. You're Alan P. Hald is a futurist,
only five years old. You're a co-founder and President of
genius by my standards. I'm the Phoenix Group, Inc. During
from an era of Captain Video, the past two years, the corpor-
Mister Wizard and Mickey Mouse. ation has grown to become an
Could you really be interested integrated retail, wholesale,
in Lobaschevsky surfaces? service, software and publishing

Well it seems you are. organization, serving the world
computer retailing and OEMSo are twelve other of yourfriends you network with regu- markets as MicroAge Wholesale,

larly. Although recently, your MicroWorld, MicroSource, Micro-
family has become intrigued Shopper/ByteShopper. He current-
with Econogame, reducing your ly resides in Phoenix, Arizona,
time on the net. Econogame and is a graduate of Rensellaer
has become the 21st Century Polytechnic Institute and Harvard
equivalent of Monopoly. A funny Business School.
thing happened to banking in
the eighties, it faded awayinto electronic funds transfer
systems - EFTS - and with it
rose Econogame, the simulated
real time economy. It's playedinteractively and concurrently
by 50 million North Americansvia the public net.

As more people began play-
ing the game, they found then-
selves making better personaldecisions on buying, saving,
working, and sharing. In fact,it's becoming hard to distin-
guish the real economy from
Econogame. The game is becoming
a near perfect model, antici-
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PERSONAL COMPUTERS AND SOCIETY: WHAT NEXT?
Jack M. Nilles,

University of Southern California
Los Angeles, California 90007

(1)

Abstragt
Southern

is important to realize though, that person-

other developed countries. A s tions of these alternative futures on thefactor in this trend has been the ways in which we govern ourselves. To para-

ciety. Yet, until the computers important to be left to the computerists."were a ways owned and by the "es- The societal implications of these devices

wil they bring us to some sort of social siderably more freedom of action than was

tee

unanticipated by the orig nal entrepreneurs
produce a new set of culturally of the technology.

disadvantaged - the information

o increase employment?

poor?
decrease employment? A

TechppporyAot to the central
o increase interpersonal communica- theme of the research program at the Univer-

which is to provide information to publicpolicy decision makers about the probable

tion?
o inerease depersonalization?
o improve work skills?

particu ar avenues of deve opment. We aredecrease energy use?
o invade our privacy?

to antic-
to them.

dertaki

c e is a condensat on of a pa- ta communications. Communicating personal

gust 1978. The opinions and conclusions ex- accelerating the trend toward all-digi
pressed here are solely the responsibility transmission. This in turn, could have sig-
of the author.

ar
computers
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nificant effects on the telecommunications
industry, the balance between specialized
common carriers and "Ma Bell."

The telecommunications related issues

puters. Some of the potential opportunities

ers include: raised educational standards;increased employment in personal computer
production and service sectors; education
and employment of the physically handi-

tion to the formaleducational system; re-

cases these are competitive; realization o
an opportunity by one set of stakeholderswill mean materialization of a threat to an-
other set. Conflicts will result. Somewill be resolved by market processes but

tion of the "free" market, either to reduce
erceived threats to the public welfare or
o bring about or accelerate the desirable
uses of the technology.

comprehensive forecast of probable direct
impacts of the use of personal computers.It is also necessary to get a better idea of

ers. Another d mens on to this analysis is
he user

technology. sers will vary from occasionaldabblers to full-fledged professionals inthe computer f eld. Because of the diffuse

of the potentia uses of personal computershave been discussed in general terms, butfew specific realizations, other than inter-active games, have occurred. Hence, the de-
existing, developmental, and planned appli-cations of personal computers will consti-tute a major first task of the program.

sis is always one of the major features of a
technology assessment, as it is for this

t ons of the technologies are most used; onhow the lives of the users and others areas a consequence of the technology

secondary impacts, those parties interested

are those who play a direct part in the -fusion and/or use of persona computer tech-nology. They range from individual ownersof persorml computers to major organizations

who have something to gain or lose as a con-
sequence of the increased use of personal

a manufacturer of personal computers, or in-
direct, such as a citizens group interested
in improving educational opportunities.

in

of the

scenarios of the "who does what and to whom,
and what happens then" variety. Various
combinations of direct and secondary im-
pacts, together with the interactions of the
stakeholders involved, will result in vari-
ous classes of conflict of which many will

one which has not always been reached in the
past, is to identify some explicit potential

increased

e next object ve in sequence
process is the evaluation of poten-

identified. These policy alternatives mustnecessaril take into account the realitiesof the pol tical environment at the time theissues are likely to come to fruition. Con-

lative short and long term effects of the

Stakeholders n the pol cymaking process,and the influence of many relevant, exogen-ous events and trends.

foresight. The purpose of many of the meth-

the events and trends
opment of the technology. The error cannot

nology assessment wi be predicated onthese forecasts which may be erroneous in
part, it is also necessary to provide the
policymaker with some clues as to when he orshe might start to consider investigatingwhether or not the forecasted issues are be-

trends which would tend to indicate that one

he tec

be arrived at as

include consideration of the re-

the level of

Og

The

technology assessment is otherwise of high
effect ve. First, the results of the tech-nology assessment must be made available to

derstandable to the decis on makers. It sthis latter criterion particularly which ma

asso ted with deve -elaAt this

These clues take the

or more of the scenarios in the
on the technol-

oped

e

cote the
tion.

addi
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Anticipated Consequences of the Technolory

The hoped-for consequence of any tech-nology assessment is the reduction of entro-~

transition from the present state oftechnology-driven development and dissemina-tion of personal computers. This will occurto the extent thatt the results of the as-

PY addressés itself. The hoped-for
spinning) in the soctetyto which

quence of 'his technology assessment is aSmoother more societally acceptable

by) the various stakeholders and decision
sessment are communicated to (and understood
makers.

Plans for the Futyre
The program just outlined is scheduled

ersonal computers together with documenta-ion, where possible, of the effects ofthese impacts on household or business eco-

mentioned. Information submitted to us wi

1 80. Since it isfor com leti
time of tust Beginin inearlyhave no etual data at

clusions conce
whens of the
As a matter of pact takethis pportuni-

the
to support any con-

ets

this to solicit contributions from readers ofact, sonal
hows whys, and

computers.

on resent and potential uses of

nomics life
Sime an any of t education legal is-other factors
be used to our technologic andmarket forecasts and impact analyses.

plement
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CHANGING PARADIGMS AND THE COMPUTER

Carl Townsend
Center for the Study of the Future

4110 N. E. Alameda
Portland, Oregon 97212

503-282-5835

Abstract have and whether we will have a future
or not, Technology is amoral--it is

During the next decade our culture neither right nor wrong. It is what w

will experience a major paradigm shift. do with the technology that will deter
Communications andThe Gutenberg press made information mine our destiny.

available to the masses, initiating information systems will be the fron-
the Industrial Age, the microcomputer tier technologies in the next decade,will now allow us to control this and the computer will be a major com-
information flow. This will cause ponent in these systems. Costs for
radical changes in our political, most systems will drop by a factor of
economic, and educational systems ten within the next decade.
as well as changing our concepts of
transportation and communication. Two Paradigms

The computer is only a tool. We It is perhaps dangerous to attempt
can create the future we want and use to define the new paradigm. Manythe computer to help us implement the writers have tried to coin their own
future. What we do with the computer word for whe emerging age:will determine our future or whether we
have one or not. Harvey Cox technopolitan

Ken Boulding post-civilizaIntroduction tion
Daniel Bell

The microcomputer was born into post-indus-trial
a very diverse culture. Never has the Robert Theobaldworld been more complex. The opinion Peter Goldmark tf

communication
leaders of our world find themselves Alvin Toffler super-indus-having to make decisions and deter- trialmine our future from a people with Marshall McLuhan electronicwidely divergent views of reality. Zbigniew Brzezinski technetronicA politician may find himself eating Betran Cross mobileticbreakfast with a businessman arguing revolutionfor strong economic growth, business Elton Trueblood post-denominaexpansion, strong central government, tionaland continued deficit spending. Atlunch he may be with a futurist argu- We may agree or disagree withing for a concept of limits, a balanced these, but one thing is certain. Allfederal budget, and a decentralized
government. Who is right?

of these futurists are creating ideas
and visions of the future, and in dointhis they are influencing greatly theHistory has always been controlled decision makers in today's society.by ideas, Today, there is a criticalneed for new ideas, for transformal
The great decisions before us--genetic

thinking. For the first time in his- manipulation, behavior control,resource management--will be madetory we find ourselves trying to change by someone. Unless we become moreour entire culture by a conscious pro- involved in these it will be someonecess, This will have profound impacton our political, economic, medical,
else who makes the choices, and we wilhave to live by the choices made by

well as chan
religious, and educational Systems as someone else,ging our concepts of work,leisure, transportation, and communi- In the first figure is a chartcation.

showing two paradigms. One paradigm
The applications to which we put

assumes the industrial age "extended",It assumes the future will be like theour technology will have a radical present, only more so, The second isinfluence on the type of future we will transformed paradigm showing some pos-
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sibilities if we are willing to commit
our resources,
Changing Paradigms in History

Change today occurs much more
rapidly than in the past, The Agricul-tural Age lasted thousands of yearsuntil 1760. The Industrial Age fol-
lowed the Agricultural Age and haslasted two centuries. Our Industrial
Age paradigms are now failing us. How
long will our next age last?

The rapid change in paradigmshifts causes stress in our lives.
Some people are not able to adjust tothis change and live in a world of the
past trying desperately to hold onto
outdated models. Others of us are
anxious to travel into the new age and
see new possibilities with hope.

Toward the end of the Agricultural
Age the Gutenberg press was invented.This technological break-through made
information available to the masses.
Gutenberg died a pauper, never realiz-
ing the full effect his invention would
have on the world. A Bible was printedthat could be read by anyone, giving a
base for the Reformation from which
our current political system emerged.The Gutenberg press also made possiblethe Scientific Revolution and the
eventual paradigm shift to the Indus-trial Age. The information explosionfrom the invention of the Gutenberg
press made it possible for the ideas
that controlled history to be trans-
mitted rapidly through the culturesof the world.

Not everyone was enthusiastic
about the new age. In 1811 in Notting-
ham the "Luddites" rebelled against the
machinery that was destroying their
jobs in the textile mills. The revolt
spread over much of Scotland before it
could be stopped.
The Microcomputers Influence in the
New Paradigm

In Figure 2 are shown some new
paradigm possibilities with the
microcomputer, Either of these pos-sibilities will cause major cultural
changes. Like the Gutenberg press, the
microcomputer will alter the way infor-
mation flows in our culture, creating
a new culture.

Currently information flow has
increased to such a level that we can
no longer assimilate the majority of

information that is sensed. Hundredsof advertisements touch our senses
every day. Several dozen computer
Magazines are printed every month, but
who can read all of these? Each of uscan identify a dozen books we have
seen here we would like to buy. When
would you read them? We scramble aboutthe faire trying to interview peoplefor articles and books we are writingas those we are trying to interview
scramble about the faire to gathertheir information on products, plans,and events for their purposes.

The personal computer will soonallow us to control our informationflow by "windowing" information againstour personal specific needs. The com-
puter will be our "gatekeeper", onlyallowing the information that we spe-cifically need to reach our senses.

Television, for example, will
change from broadcasting to narrowcast-
ting. Videocassettes and disks will
carry programs that relate to our spe-cific interests, The television will
be two-way, permitting response for
gaming, shopping, voting, and such.
A pilot system is already operationalin Cleveland. The newspaper will be
printed on a disposable videodisk,Libraries will carry disks and cas-settes with catalogs available on some
type of media storage that can be
rapidly scanned at home by a personal
computer against keywords of interest.
Programs that normally reach only a
small audience as operas and specialreligious programs will be made econom-ically. One church in Portland has
already proposed the idea of using a
small computer to access selected por-tions of video tapes to train small
group leaders,

Advertising will be transmitted
to our homes by FM (as Jim's Digicast)or by cable television, and scanned byour personal computer to locate pro-ducts we need. Advertising will be
much more broad-based (including an
expanded classified section of a wide
variety of products) and more competi-tive. Imagine a real-time garage sale
by computer! Electronic bartering will
emerge as a convenient means of bypass-
ing the problems of inflation, and the
government will not be able to controlthis.

Our computers will become nodes
in networks and linkage systems.These will be linked by satellites,
radio, telephone lines, and lasers,
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The laser will drop in price from
$1000 to $20 in 10 years enabling it
to become more cost/effective in com-
munication systems. The computer will
manage the information flow between
these nodes so that information is
transferred when costs are lowest so
that only necessary information is
transferred and so that the informa-
tion is transferred by the method that
costs the least. Each of us will be
building personal data bases of infor-
mation that meets our specific needs.

These networks will also support
computer conferences that will continue
24 hours a day. A few weeks ago I
checked into one of these computer con-
ferences. Access was through a video
terminal and modem at a friend's home.
The "attendees" included names that
would be familiar to most of you here

INDUSTRIAL AGE PARADIGM

Insensitive to cultural environment.

Reductionism, logical analysis,rationalism (we could solve any
problem if we had a big enough
computer. )
Structures and organizations areresult oriented.
The future is determined from trend
analysis of present data using therules of extension.
The future is determined from the
present.
Organizations are rigid, as largeas possible, with a good bit ofinertia.
Institutionally oriented,
Elitism-control of the future is

We live in a homogeneous world,with little variation with timeand geography.

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302

TWO PARADIGMS (WORLD VIEWS)

Figure 1

34

as leaders in the computer revolution.
I left messages for certain people and
received one myself. To attend the
conference I only drove 30 minutes
from my home. The cost was about
three dollars an hour.

Where Does It Begin?
We each carry a vision of what

the future will be like. The picture
may be nebulous or unclear, but the
vision is there. Your personal para-
digm of the future is determined by
your own past and the cultural forces
that are acting upon your life daily.

We can each choose. We are not
robots controlled from Madison Avenue
or from outdated Industrial Age sys-
tems. We are free, and the future is
ours.

TRANSFORMAL PARADIGM

Culture sensitivity.
Holistic-emphasizes the functional
relationship between the parts and
the whole.

Structures and organizations are
process and change oriented.
The future will be of a different
form than the present. Trend analysishas little meaning.
The present is determined from thefuture.
Organizations are fluid, changing,
dynamic, and short-lived.

Ecosystem oriented.
Participating-control of the future isdetermined by the whole acting as anpositions.

determined by a few peop le in key
an organism.
There is considerable cultural diver-sity in time and space.
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INDUSTRIAL AGE PARADIGM TRANSFORMAL AGE PARADIGM

Forced dependence on an economic system
using electronic credit cards and cen-

Independence of economic system usingelectronic bartering and distributedtralized data bases on personal credit data bases to match needs and resourcesStatus. (minimizes taxes).
Automation creates extensive standard- Personal computers used to maximizeization and routinization of life. individual creativity, providing almost

endless variety.
Computerized educational tools used to Computer used in alternative futuredevelop behaviorally conditioned Simulations for energy and resource con-
response to existing Industrial Age trol. Participatory democracy.paradign.

Centralized information control with Decentralized information f 1 ow with
large computers for manipulation and decentralized networks of smaller com-
regulation using large data bases. puters and personal data bases.

Computers used as gatekeepers to control
information flow and prevent local
information overload.

Madison Avenue advertising created by Individual and personal definition of
computer analysis of markets used to needs and these used as gatekeepers insell products we do not need by falsely personal computers. Computer selects
identifying these products with pro- products based on real needs using com-
jected needs. puter networking and electronic bartering.
Centralized work locations with defined Decentralized work locations (from
working hours and large transportation homes) using terminals (communications
overhead (transportation intensive). intensive).

TWO ALTERNATIVE PARADIGMSFigure 2:
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A MICROCOMPUTER MUSIC SYNTHESIZER

Henry L. Pfister
USC, ISE Dept, OHE 400, University Park,

Los Angeles, California 90007

Abstract

The micracomputer music synthesizer is a The steps I chose to develope the system are
as follows:personal system for the creation of computer

1. Identify the goals of the system,generated music. If functions either as a real
time instrument that is played with a keyboard 2. Specify the constraints on the system,
or as an entertainment system that will play 3. Define the operational requirements,
programmed music or compose new music. The goal 4. Design the system in detail,
is to achieve a low cost system that allows the 5. Develope an implementation plan,

fidelity audio output using 6. Construct the system in a modular way,user to produce high 7. Redo steps 1 thru 6 until satisfied.both digital signal synthesis and digital cont-
rol of analog synthesizers. It should be noted that steps 1 thru 5 require

The system is designed using a KIM-1 along only writing and rewriting. The construction
with a number of kits and custom hardware. The of the system in step 6 is a modular approach
individual components consist of a five octave so that some version of the system will always

be working.electronic keyboard, a modified TV display,an
ASCII keyboard, 16K of ram memory, a cassette

Goals and Constraintsrecorder, a stereo amplifier, 16K of prom, and
an analog to digital converter for joysticks and

pots. Some of the methods implemented or that The goals of the system are to be able to
are planned for sound synthesis are multiple perform, compose, record, replay, and edit
square wave outputs, a two channel D/A converter electronic music. These goals are to be done

in real time by a digital approach that willdirect digital control of VCO/YCF/VCA modules,
altow the synthesis of several instruments andand digital filtering of a psuedo random noise
voices.source. In addition, the system should have

The system software consists of the KIM ROM high fidelity audio and function as a general
Tiny BASIC, an assembler, an editor, and real purpose computer.
time I/0 subroutines. The applications software The constraints on the system were to use
includes real time performance programs and the existing hardware and to only add other
interactive composition programs. hardware as required. In addition, the amount

of money available was limited as was the timeAt this time the system hardware is partia-
lly assembled and the software is being deyel- for development. Thus careful planning would
oped. The system is currently able to perform be required if the project were to ever be
moderate quality music with square waves and completed.
with the D/A converters.

System Requirements
Music Synthesis System

The requirements for the system were stated
The microcomputer music synthesizer project at a high level in order to define the environ-

was conceived after a variety of electronic ment and the intended use of the synthesizer.
music experiences. First, I used a KIM-1 to They include the following features:
play simple tunes. Second, I acquired a surplus 1. Interactive performance of music.
five octave electronic keyboard. Third, I went 2. Multitrack recording and editing.
to a demonstration of the Bell Laboratories 3. Computer controlled composition.

Fourth, I heard aportable sound synthesizer. 4. Modular design for development.
recording by Walter Carlos of Bach performed 5. Flexible design for many users.
with a synthesizer. The project grew naturally Each requirement is expanded in the following
from these experiences and from a strong desire paragraphs.
to build an inexpensive personal computer system The interactive performanc of music inclu-

My first attempt was to interconnect all of des the interface with an ASCII keyboard, with
the hardware with no particular plan for the an electric piano keyboard,with the KIM-1 key-
system. This resulted in the classic computer pad, and with numerous joysticks, pots, and
system failure of not specifying the requirement switches. All of these elements are fully
and then not achieving the desired goal. After programmable and will respond in real time
a careful evaluation of the existing mess of to performer inputs.
hardware and software. It was apparent that the The multitrack recording and editing of
apporach for the development of a personal com- music implys the simulation of an analog multi-
puter system required the same discipline and track tape recorder as used in a sound studio.
standards that I would use in any computer These recorders allow you to play back on sel-
system engineering project. ected tracks while simultaneously recording on

other tracks. One of the key advantages of
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digital recordi ng is the independence of play-back speed and frequency. With this capability systems.
Table 2 gives a detailed comparison of the two

it is possible to independently adjust the pitch time
In both systems a performer can in

and duration of each note. The editing software 1.
do the following tasks:

will be required to support

real
Play notes at a keyboard,

instrument, track, or score.
time adjustments by 2. Modify the instrument he is playing,3. Replay and edit his performance,Computer controlled composition allows the 4 : Merge a new instrument with an exist-microcomputer to specify instruments, select ing score.notes, and generate musical output without human 5. Simulate a multiple instrumentintervention. The composition software will orchestra.Support mathematical composition algorithms to In comparing the systems the key features arebe written in a customized version of BASIC. the keyboards, the controls, the computer,Modular desi gn for incremental development

implys that the system will always be in an ope-
and sound synthesizer methods.

rable configurati on As early as possible, a
The Bell synthesizer features two five

limited version of the system was constructed so
octave multiposition keyboards while this
system has one five octave single positionthat it could be incrementally expanded into the keyboard. However, both systems allow forfinal system. The emphasis on modular deveTop- independent. programming of each key. The'ment is to be able to test new ideas while the Bell system has 72 slide pots for inputssystem is being developed. while this system has only 8 pots. HoweverA flexible design is required to serve a these are multiplexed and the liklihood ofvariety of users. This requirement implys the simultaneously varying more than eight areuse of the system by the whole family. The mem- rare. The replay, edit, and merging capabil-bers range from a six year old who is learnin ity are similar.music to an experfenced adult. The system should A more funamental difference exists inthe allow a performance range from simple tunes the sound synthesis methods. The Bell system

instruments.
to complete compositions involving several uses a 64 channel digital synthesizer that

is one of the best sounding in the world.
However, the Bell system is integraly designedSystem Design using this synthesizer. This system is built
to use an S-100 bus so that any synthesizerThe advantage of writing the requirements that becomes available as an S-100 card willbefore you begin to destgn is that you can immed- be available for use.iately construct a final picture of your systen.This is especially important in designi some- Implementation Plan

thing as unfque as an interactive musical inst-
rument. The layout of the controls and their The implementation of this synthesizerintended use should be carefully considered from was planned'as a number of compatible config-a human factors point of view. This synthesizer urations. Each later configuration willis patterened afterthe Bell Laboratories portable support the functions of the earlier config-digital sound synthesis system. The major diff- urations. Table 3 lists the planned set of
erence is the number of interactive controls. configurations.The reason for the much smaller number of controlsis to avoid manual mistakes and to reduce the cost
The primary human factors considered in the designare as follows:

1. Any external control should be reachable
by either hand.

2. The keyboards should be usable while
seated or standing.

3. The system should be light weight enoughfor one person to move.
4. The enclosure should allow easy access

to any component.
5. The finished system should not appear out

of place among average home furnishings,
Figure 1 illustrates the synthesizer external
design Once the external design was complete,the internal placement of the components was
quite natural. Figure 2 illustrates the place-ent of the system components. Table 1 lists
the components by manufacturer

System Operation

The concept of operations of the synthesizeris simila to that of the Bell Labs model. The
most notable differences are a 200 to 1 costratio versus a 10 to 1 performance ratio.
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Power On/Reset
Stereo Amplifier
Sense Switches
Slide Pots
Select Switches

p'p 000

KIM-1 Keypad/Display
Four Joysticks
ASCII Keyboard
Piano Keyboard

Figure 1. System Design

Stereo Amplifier
Power Supply
ASCII Keyboard
Switches and Pots
Wirewrap Board
S-100 Boards
Ribbon Cable
KIMSI Mother Board
KIM-1 Microcomputer

Figure 2. Component Placement
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Figure 3. Synthesizer Block Diagram

Cassette ASCII CentronicsRecorder Keyboard Printer

KIM-1
Keypad
and
Display

Piano Switches
Keyboard and Led's

8K RAM

8K RAM

KIMSI
$-100
Mother
Board

16K PROM

VB-1 Modified
Display TV

16 Choard Joystics
A/D Board and Pots

2 Channel
D/A Output

Speakers

§-100 2 Channel StereoWire Wrap

Interface VCO/VCA/VCF Amplifier
Board

Tape
RecorderPulse and

Percussion
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Table 1 Microcomputer Synthesizer Components

Component Manufacturer

Southwest Technical ProductsPower Supply MP-P

KIM-1 MOS Technology

KIMSI Motherboard Forethought Products

Electronics Warehouse Inc.ASCII Keyboard
Video Display VB 1 Solid State Music

Ithica AudioRam Memory
Problem Solver Systems
Ithica AudioProm Memory

Piano Keyboard Aries 5 Octave

Formula One Inc.Audio Amplifier
Synthesizer E MU Prototype Board

$-100 Interface Custom

16 Channel P/A Custom

Audio Interface Custom

Custom2 Channel A/D

Tiny Basic Tom Pittmon
Micro Ade Peter Jennings
I/O Interface Custom
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Table 2 System Comparisons
Bell Labs

Capability MicrocomputerSynthesizer Synthesizer
Processor LSI-11 6502
Ram Memory 64 K 18 K

Rom Memory -- 18 K

Mass Storage Floppy Dise Cassettes
Music Keyboard 10 Octave 5 Octave
Sample Rate 30 KHZ 10 KHZ

Controls
ASCII Keyboard Yes Yes
CRT Yes Yes

Joysticks 4 y

Pots 72

NoHex Key Pad Yes
Sense Switches Yes 16

cost $200,000 $1,000

Table 3 System Configurations

Capability Hardware Software
Monophonic Music KIM-1, MP-P, Music Program byAudio Amplifier Jim ButterworthVideo Display and VB-1, EW-100 I/O DriverASCII Input

Polyphonic 2 Channel D/A Adaptation of

and Interface
Control Inputs Joysticks and Interface Software

Pots with A/C
Converter

Expanded Storage 16 K Prom

Stand Alone KIMSI, 8K RAM Tiny Basic,
Micro AdeMicro Computer

Converternthesizer Chamberlin Program
Keyboard Input Aries Keyboard Interface Software

Hardcopy Output Centronics sl Interface, Software
Analog Synthesizer E MU Prototype Control Software
Percussion Percussion Control Software
Synthests Interface
Enhanced MM 57109 Custom Basic
Computation
Enhanced Floppy Disc FDOS
Storage
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LOW-COST MULTI-PART MUSIC PROGRAMMED IN BASIC
Dorothy Siegel Newtech Computer Systems, Inc,

3RD WEST COAST COMPUTER FAIRE

<<PLAY "WEIRD" & "SWEEP" ON
PRE-RECORDED CASSETTE>>

What you just heard was a sampling of
some of the sounds one can produce
using a digital-to-analog converter
as an output device for a computer.

We used a Newtech Music Board, which
is a digital-to-analog converter with
audio amplifier and speaker, in an
IMSAI with an 8088 processor.
We can also produce music with tnis
system. I'd like to demonstrate a
quick chronological tour of the
development of the Newtech music
software.
First we hear a familiar piece of
music, Chopin's "Minute Waltz",
played in a minute and twenty
seconds. You will notice, near the
end, that we vary the tempo of the
music to give it more expression. We
also coded in grace notes, trills,
and other ornaments.

<<PLAY "CHOPIN" ON PRE-RECORDED
CASSETTE>>

You just heard a square wave with a
single eight-segment amplitude

produced this wave used a short
timing loop for each half cycle of
the waveform, and an integral number
of cycles for the duration of each
note. This program read the delay
loop parameters from a "score" area
in memory. The "score" area was
poked into memory by a BASIC programwhich accepted as input the 820-odd
notes from the musician in the formof data statements.
In order to add wore interest to eachindividual note, we next providedOptional envelope selection. This
was accomplished by simplemodifications to our original BASIC
and Assembly Language programs. In
the short piece you'll hear next, youcan hear that some notes have a
short, staccato envelope, while
others are legato or shaped like a
crescendo/decrescendo,

42

Brooklyn, New York 11261Vice President 23@ Clinton Street
(212) 625-6220

<<PLAY "GOPREST" ON PRE-RECORDED
CASSETTE>>

The next step was multi-PART music,
playing more than one voice at a
time. Our technique is similar to
that described by Hal Chamberlain for
a different processor.
<<PLAY "DIXIE" ON PRE~RECORDED
CASSETTE>>

The computer-as-musical-instrumentis, like any other, only a means to a
musical end. It is a tool, a device
that enables the musician to express
himself. And the MUSICIAN is the key
to the quality of the musical
experience.
In the past computers were too remote
ana inaccessible to most of the music
community. Now, however, we have the
opportunity to unite the technology
of personal computing with that form
of human expression called music.
And I expect much to come of this
collaboration in the next few years
as musicians begin to explore this
new resource, I'd like to see more
musicians playing with these
instruments, and more composers
writing for them.

to each note. Theenvelope ap lied
My own interest in this field stems
from my training as a clarinetist.
I've performed a number of pieceswritten for clarinet accompanied by
such non-traditional instruments as
tape recorders and synthesizers.
Tonight I'll be playing a piece, in
real time, with a personal computer.

8682 Language program that

For the performance I'm using three
Newtech Music Boards in a Horizon
computer. The music has been
arranged. The notes have been
entered as BASIC data statements,
converted to pitch, duration and
timbre parameters, and stored on adisk. Now an assembled 868@ programwill sample three different waveform
tables at phase increments
corresponding to the frequencies of
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tne notes, for a specified length oftime. Note that our method of sound
production is sottware-intensive --

that is, the wavetorms are COMPUTED,and the Newtech Board converts thisdigital representation to analogform.

we use a different waveform for each
of the three computer voices. The
highest voice contains the first
three terms in the Fourier series of
a Square wave; the middle voice has
the first three harmonics in equal
proportions; and the bass voiceconsists of the first five terms of
the Fourier series for a sawtooth, or
ranp, waveform.

We could have put all three voices on
one Newtech board (at less than $26 a
voice) by adding the waveform samplesbefore outputting them, but usingthree boards allows us a full dynamic
range for each voice.
we used a 4MHz 2-88, instead of a
2MHz 8880, to obtain the benefits of
a higher sampling rate.
The piece I'm playing is the Rondo
from the Sonata in Bb for clarinet
and piano by Jonann B. wanhal, who
was a contemporary of Hayan and
Mozart, living from 1739 to 1813.
I've arranged tne piano part for
three computer voices.
<<<<PLAY THE WANHAL ON THE
COMPUTER>>>>
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HIGH QUALITY DIRECT MUSIC SYNTHESIS USING MICROPROCESSORS

Hal Chamberlin, Manager of Engineering, Micro Technology Unlimited
29 Mead Street, Manchester, NH 03104

By now everybody should have had
their f111 of the "square kazoo" and
"bee symphony" quality that seems to
characterize music programs for
microprocessors. If these machines
are to have any musical value what-
ever they must at least be able to
play multipart harmony with a var-
iety of easy to listen to timbres.

One way to do this is to inter-
face the microcomputer -to a music
synthesizer or other musical instru-
ment but this requires that a large
amount of specialized hardware be
purchased. Furthermore, the quality
and complexity of the resulting
sound depends almost entirely on the
characteristics of this added hard-
ware.

The other alternative, which is
the subject of this talk, is to
directly compute the sound waveform
desired with the computer. Theor-
ectically this waveform may repre-
sent the combined sound of hundreds
of individual instruments all with
completely different timbres, etc.
Actually there is no hard limit to
the sophistication and complexity of

603-669-0170

the resulting sound. Lastly, except
for an inexpensive digital-to-analog
converter, no specialized hardware
is needed to apply this technique.

Traditionally the direct synthe-
sis technique has been implemented
solely on high performance minicom
puters and large scale machines.
Also, the waveform computations were
done at arate considerably slower
than real-time. However there is
nothing inherent in the technique
that prohibits its use with micro-
computers or in real~time.

This talk will focus on the
mechanics of the direct synthesis
technique, its hardware and software
needs, its limitations, and finallyits implementation on a popular
microcomputer system. The talk will
conclude with a demonstration of a 4
voice music program, each voice hav-
ing a different, arbitrary, Fourier
derived waveform. It runs in 2K on
a KIM~1 (6502 based) system tied to
a $35 digital-to-analog converter.
Another demonstration further illus-
trating the power of the techniquewill also be given.
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FURTHEX DEVELOPMENTS ON AN INTERACTIVE LANGUAGE
FOR

THE SEVERELY HANDICAPPisD
Michael S. Bodner, Ph.D.
Guy MN. Hoelen, h.S.,
William J. Zogby, MeA., + BeAe

Interactive Systems Design Group, Inc.
312 Highgate Avenue, But falo, New York 14215

The recent appearance of the personally in the sophisticated application of communi-affordable microcomputer has no doubt cation rehabilitation theory and clinicalcaused a ripple of excitement in many practice, software/hardware combinationssectors. Interactive systems Design have shown great promise placed in the handsGroup (1S0G) believes Liat no where can of competent and concerned therapists.this revolution be better appiied than
in the field of communication rehabilita- li we add that, once trained in theirtion. When we speak of those unable to use, computer assisted prosthesis will allow
Communicate, we include the severely for formerly impossible modes of expressionphysically disabled, cerebral palsied, in the absence of qualified therapeuticmentally retarded, and those, who for help. Originating from this premise, anda variety of other reasons, are unable upon contact with facilities serving theto use language. The idea that once
placed in the hands of the interested

communication handicapped, certain key
advantages were realized with respect to theuser, a complimentary relationship soon unique presentation matrix serving as the

develops is no surprise. 1SDG is core of the Blissymbolic software. They are:
attempting, through the integration of 1) The ability to organize symbol groupssuch a microcomputer, appropriate response into configurations that conform with thedevices (interfaces), and software individual's and/or institution's needs,reflecting a blend of current educational 2) The original program matrix is not limited
theory and practice to aid the appropriate to the presentation of symbols, but also word
therapeutic discipline in providing the groups for those unhindered by receptivesame opportunity to this population. problems or mental handicaps, 3) For the

future, working off the basic skeletal struc-in a previous article, the Interactive ture, one could enhance its potential
Systems Design Group (15DG) described the development through the addition of color
early stages in the development of a and sound for use in areas not previously
computer/symbol system integration designed investigated.to aid in the alleviation of severe
communication handicaps. Those handicapped One essential point is clear; the current
by the inability to communicate range the configuration of the program does satisfy
gamut of potential with respect to the the three fundamental functions kept in
possible forms, intensities, and combina- mind during its creation, that being its
tions of perceptual, cognitive and physical broad ability to be utilized in communicative,
dysfunction. in other words, although Toevaluative, and educative applications.
we may characterize a communication More properly demonstrate this point, several
disability, the bottom line in assisting actual client contacts shall be described:
in such a problem is the complexity An upstate New York Developmental Center
manifest where each case is as unique as expressed a need for a system capable of
the individual afflicted by such a assisting in the evaluation and education
disability. As a consequence, any device of mentally retarded individuals, many of
intended for this population must be as whom are not able to communicate with written
flexibie and comprehensive as the problem or spoken language and who are now utilizingis complex. In no way are we advocating the Bliss System. The software that evolved

from this commission is described in thethat computer based prosthesis will be
the panacea of all communication proceedings of the National Computer
disorders; rather that as we grow in Conference held in Anaheim, California,
familiarity with the vastness of the June 6-9, 1978, where the symbols developed
problem as well as the potentials present by Charles K. Bliss were incorporated into
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configuration holds great promise. It is
unique presentation process requiring a

the hope of all those involved that future
single affirmative response to key the central
processor into the acquisition of and programs will enhance the therapist's ability

to deal with certain types vf aphasia where
temporary storage of client selected symbols current methods remain inadequate.in order to facilitate communication in word,
phrase, and sentence combinations. Although
these clients are often multi-involved In its present configuration, ISDG's

computerized Blissymbolic System is built
physically and mentally, the man/machine

around the Apple 1I microcomputer with 48k
systems, once properly interfaced and timing
variables customized, there is little doubt of RAM and the new Disk II for the apple.

The disk provides not only rapid loadingrevolutionary strides could be made in
of thie rather lengthy program, but also

language development. Furthermore, therapists
are able to more specifically evaluate an leads to the possibility of chaining to add

individual's present intellectual level and additional capabilities to the system.
learning ability. Thus, the Bliss Symbol

As previously described, the software
System provides this institution with the
communicative, educative, and evaluative is oriented to enable a person with limited
materials it needed to more effectively physical control to interact with the

computer through a single contact switchascertain each patient's abilities and needs.
The computerrather than a keyboard.

A second situation concerned a young man presents symbols, phrases, and letters to
the user in a manner with which he canin his early twenties who had experienced interact reliably, thus broadening hisbrain damage that limited his range of motion

to two voluntary head movements. These two ability to communicate with others and
limiting the frustration involved in the

movements represented the only means of
inability to communicate.communication that his still active and vital

mind had with the outside environment.
1SDG's reaction to the problem has been The key words are reliability and

simplicity. A patient can be trained tothe development of a program employing It is
English words, phrases, and alphabet cradled save a symbol by closing a switch.
within the previously described presentation only an affirmative response that is

required, as the timed lack of response is
process, allowing in combination with the

interpreted as a negative. Ihe pattern of
appropriate interface device, a quicker and
more efficient means of communication, but the matrix in which the symbols lie will be

also an ability for this individual to write learned with use, and the speed by which the
symbol seen is run can be increased as thewithout the presence of another individual.
user becomes more proficient.This person, previous to his accident,

possessed good language skills. The
modified program became a personalized form A new wrinkle in our approach is the

development of binary search rules for symbolof rapid, detailed and sophisticated
communication. acquisition in more intellectually unimpaired

patients, i.e., accident victims. A binary
search through sixteen colors makes the worstAs explained, when the Bliss software was
case seven scanse If the most used colorsfirst introduced, it was created for a

population of moderate to severely retarded are to the "left" of the chart, a patient
patients. However, almost immediately new will spend far less time scanning. This is

especially useful in the alphabet part ofapplications have been suggested by concerned
individuals throughout the country. the system in which twenty-six letters and

a number of punctuation marks are provided
Several consultants and institutions have (total of 32), leading to a binary search.

It is felt that with user training, thesespoken of a need to develop procedures for
testing and dealing with particular levels of binary searches can increase throughput
expressive aphasia. According to Wepman (1976), considerably.
aphasia is defined as an impairment of the
acquired capacity to comprehend and use verbal The power of the Apple Computer is
symbols for interpersonal communication. extremely important in this application.
From preliminary discussions, ideas for the In integer basic, with low resolution

color graphics, we can generate symbols inpossible application of color and tone
modalities within the present program sixteen colors with very high speed.
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The program makes use of numerous algorithms and have the computer translate it intoto remember the addresses of the desired
symbols, phrases, letters, etc. and the order

Blissymbolics. The possibilities here are
enormous in as much as no such capabilityin which they were chosen. The generation has ever existed with the mechanical Blissof 300 symbols, using the disk system as a boards.

loading device, does require the 48k maximum
RAM in the microcomputer. It is felt that
more symbols can be generated within 48k and

It is also possible to adapt these
programs into any foreign language usingthat if one were really pressed for Space, English letters. Indeed this is the powerone could go back to tape loading and reclaim

the 10k or so that DOS uses.
of the Bliss symbols as proposed by BlissThe use of the himself.

systems is envisional at three levels. The
Major system in terms of cost and size is a All in all, the potential for an"teaching and evaluation" system, institution improvement in the condition and qualityowned and operated, in which patients in a of life for these types of patients has madeclassroom of sorts are trained in Blissymbolics the development and distribution of theseand in which personalized interface switches programs an extremely rewarding experiencecan be tested and evaluated. Once a patient and has shown a unique and valuable use ofis proficient enough in the language, he will the current microcomputer technology.be able to make use of a "personal" system,
currently thought of as a 5" color Sony TV ISDG looks forward with enthusiasm tomounted on his wheelchair, his interface the potential alleviation of many presentswitch coupled to a wireless transmitter difficulties in the rehabilitation ofand an Apple II loaded with a program mentally and physically handicapped people.containing the symbols he and his therapist Communication is both welcome and encouragedIhave decided to use. The Apple can respond with those individuals possessing trueto a wireless switch closure just as it concern and expertise in this area. Onlydoes in the other system configuration, through mutual cooperation and exchange of
sending out video imagery through an RF ideas can the needs of these handicappedgenerator to a specific UHF channel. By persons be clearly identified and reactedgiving each patient his own sending and to by new program configurations.receiving frequencies, a large number of
patients can be operational at once. This References
method also alleviates the problems involved 1. ARCHER, L.A., Blissymbolics - A Nonverbalin moving the computer to the wheelchair. Communication System, Journal of Speech

and Hearing Disorders, Vol. 42 (Nov. 1977)
In the case where a patient returns home, 2. BODNER, M.S.; HOELEN, G.M., An

a "home" unit is being developed. Such a Interactive Language For the Severely
system will not even have a keyboard but Handicapped, Proceeding National Computerwill have a simple "start" button, which Conference - Personal Computing Digestwill start the system. In the Apple DOS, (June 6,7,8, 1978).
this is just a ROM machine language program 3. WEPMAN, J.M., Aphasia: Language Without
that boots the disk, since the program that Thought or Thought Without Language?is initialized on the disk will run after the ASHA 18 (3): 131-6, (March 1976).
boot without the need for a RUN, carriage return
to be entered.

The home unit will enable the patient to
continue using the system outside the hospital
using Bliss. (The communications interface
board and a modem are required at each end).

For family members who do not understand
Blissymbolics, the software does currently
translate the symbols into an English sentence
which can be printed and saved.

Currently in development is a program that
will enable one to write an English sentence
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OPTACON TRACKING GUIDE FOR
BLIND PERSONS READING INFORMATION

ON CRT SCREENS

Yvonne S. Russell, Engineering Coordinator
Susan H. Phillips, Vocational Coordinator

Sensory Aids Foundation
399 Sherman Avenue, Suite 4
Palo Alto, California 94306

(415) 329-0430

Sensory Aids Foundation funded
development of a Tracking Guide to
use with an Optacon Reading Machine
and CRT (cathode ray tube) lens
attachment. An Optacon allows blind
persons to read ordinary newsprint,
books, or CRT alphanumeric information
without conversion to braille. SAF
Vocational Coordinators identified
the need for a tracking guide while
working with blind Optacon users in
job placements such as computer
programmers, word processing operators,
data entry clerks, and reservationists.
Individuals in these positions are
required to hold an Optacon CRT Lens
Module against a vertical display
screen and follow lines of characters
in rows or columns without losing
their place.

A Request for Proposal for the
Tracking Guide was issued and the

design submitted by Clement Laboratories,
Mountain View, CA was selected for
development. The design concept allows
the Tracking Guide to be mounted on a
large number of data terminal or word
processor CRT displays. Using the
Tracking Guide, personnel who employ
Optacons equipped with CRT Lens Modules
in their jobs will be able to track
lines and columns of characters on the
CRT display without excessive arm
fatigue. In addition, they will be
able to leave the camera in place at
any position on the screen for later
reference. A prototype unit has been
demonstrated by and placed with a
client who works as an airline reser-
vationist at United Air Lines. Her
evaluation concludes that the Tracking
Guide significantly increased response
speed and reduced fatigue.

DIGITAL INDEXING SYSTEM FOR
CASSETTE AUDIO TAPE RECORDER

Yvonne S. Russell, Engineering Coordinator
Susan H. Phillips, Vocational Coordinator

Sensory Aids Foundation
399 Sherman Avenue, Suite 4
Palo Alto, California 94306

(415) 329-0430

Sensory Aids Foundation funded
development of a prototype audio tape
recorder system with digital indexing
capability. The system will allow a
totally blind person to enter digit-
ized numerical titles at the begin-
ning of blocks of audio recorded infor-
mation. The titles will be entered
from a calculator-style keyboard on
the tape recorder. Later, the user
could again enter the numerical title
and ask the machine to search at high
speed for that particular block of
audio information and stop at the
beginning of the recorded section.
For example, a government personnel
manual with numbered sections can
be recorded and indexed with the
same numbering system as in the ink-
print version. Each recorded section
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could be rapidly retrieved for quick
reference and would reduce or elimin-
ate the need for large volumes of
braille reference materials.

A Request for Proposal (RFP) for
the Digital Indexing System was
issued and Telesensory Systems Inc. ,
Palo Alto, CA, proposed a digital
indexing system which met the re-
quirements of the RFP. The systemwill record the digital indexing
information directly onto a tape
cassette, which will allow repro-
duction of indexed tapes, necessaryin multiple job placements where the
same reference materials are used.
Direct indexing onto the tape will
eliminate the need for extra braille
cross-reference indexes of information
located on each tape.

Los Angeles, California



POTENTIAL APPLICATIONS FOR SMALL COMPUTERS IN THE PRACTICE OF MEDICINE

Copyright c> 1978, James Gagne, MD.

ABSTRACT:

the first to widely adapt small computer systems, yet few will receive the

proof, such as Pascal, Markedly increased reliability of histories, cost
savings, reduction of drudgery, improved diagnostic and therapeutic skills,
closer physician-to-patient communication, and ease of record keeping and
documentation are all achievable.

reliable and

preferably in language that is machine indapendant and obsolescence

INTRODUCTION: Although for a generation the practice of medicine has been

relatively few and not widely adapted, as opposed to the somewhat more
widespread utilization of data processing for the business side of health
care, especially in hospitals. Most billing in private physician' s offices
is still done by hand, in spite of an increasing influx of onsite and
distant billing services, largely handled by outside contractors, since
many MOs dislike the business aspects of private practice and prefer to
hire others so "all I have to do is practice medicine." Further, at least
until recently, practice management consultants were rife with harrowing
tales of gross errors in billing and financial record keeping with such
contractors, dua to "infant" software that had not yet been debugged,

detected embezzling>, it is my belief that and other health professionals
will be among the first to recognize the value of computers in small
business. Potential applications of computers in madical offices may be

frustrated, however, if vendors succomb ta the temptation to make their
systems as incompatible with others as possible, in order te create a

caplive market. This danger may be overcome if useful software is created
and made available early in this process, ie now, with the sgecific aim of
being as widely applicable as possible,

associated with
applications for diagnostic and therapeutic aspects of medicineincreasingly sophisticated technology, computer

have been

However,
{particularly in the area

as hardware becomes less expensive and soflware more reliable
of error~detection routines, improved

verification of data, and more difficult to carry out yet more easily

This pager, then, will describe a number of exciting, easily
realized applications for computers in the practice of medicine, Because
of the intense focus that business and financial computing is already
receiving, I will avoid these areas for now, except to say that quick
commercial success of a software system for health professionals would be

greatly enhanced by the inclusion of such programs as a complete personal
income tax information and record-keeping system, complete with updates as
the law evolves.

HARDWARE : am assuming that any commercial system would have

available a CPU with adequate (>48k> memory, a disc system with easily
changed discs (for now, all software would be supplied on dise>, one or

more CRT terminals Cmemory mapped or standalone), and a printer, Once the
Video dise technology or other inexpensive, high-density medium of software

exchange became available, this would be included. The one nonstandard
item I would feel is importent is an appropriate data entry system for
patiants or other keyboard-naive people, including physicians. Clearly the
most reliable and rapid data entry system when one is working with a menu

Cmultiple choice entry versus raw alphanumeric strings)? is a touch system

overlaying the CRT, where one can simply touch the answer directly A

simple, home-brew series of phototransistors and infrared light emitting
diodes allowing a 16 x 16 grid (256 points. one byte of data) was recently
published in Byte, and conductive or capacative transparent CRT overlays
have also been used. I feel that the success of computers for lay people

depends in large part on easy, simple, reliable human-machine interfaces,

Los Angeles, California
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SOFTWARE : One should settle for nothing less than total machineindependence, so that obsolesence will depend only upon the program itself,Further, it is unacceptable to write in a language so slow, #0 poorly
am thus an unabasheddesigned, and so widely altered as S8ASIC.enthusiast of UCSD Pascal, which is an inexpensive system of great power.Pascal utilizes an intermediate stack~oriented interpreter that can beeasily implemented in any machine whose word length is a multiple of 8bits. All the output of the compiler and other parts of the system '(nowcompiler) is intended for the interpreter. Since theincluding a BASIC

interpreter performs all 1/0 as well as all arithmatic functions Cincludingexponentiation, trigonometric conversion, etc), new generations of hardwarecan be incorporated with simplicity, leading to noticable improvament inspeed. Further, the code is more compact than native microprocessor code,and it resembles machine language in that a source program cannot easily berecovered The interpreter itselffrom a listing of its interpreter code.occupies about SK of memory.

APPLICATIONS

DIAGNOSIS
1. A comprehensive review of systems history Ceg, "Do you haveheadaches?"... "Bo you frequentiy become short of breath?"... ated isprobably the best means of detecting occult forms of illness. Performed indepth by a physician, it takes approximately five to twenty minutes,depending on the some additional time to document in thepatient, pluschart. Thus, it may cost the patient as much as $30 for this portion of theevaluation alone. Further, few physicians teke the time to delve inteareas of psychological, social, sexual, or other nonphysical difficulties,in spite of the fact that it is well known that more than 7@4 of thepatients visiting the average physician' s office have complaints that areDiet, life stresses,primarily not physical in origin, and work historyare also raraly covered.

A variety of self-administered health questionnaires have beendevised, many based on the Cornell Medical Index Questionnaire CMIQ).However, the number of positive responses to the MIQ correlates best withthe level of anxiety, not illness, and there is no internal validation tomake sure the patient understands the questions and is not faking most ofhis responses. More important, everyone must answer the . same list ofquestions, since branching into areas of difficulty is not possible.Clearly, this area is a tailor-madequestioning, opportunity for computerand some work has already been done.
2. One of the most harrowing aspects of being a general physicianCincluding general internists and pediatricians) is the difficulty ofkeaping up with advances in diagnosis and treatment. When I was in privatepractice, I
my desk per month,

would estimate that 50 pounds of educational material crossedOften, what I did learn was difficult to assimilateinto my practice. My fear, of course, Was that I would miss thatexceptional patient with a rare illness, treating him or her in blissfulignorance as if he had something else.It turns out that many areas of medical diagnosis can be expressedin algorithmic form quite easily. In fact, physicians who have createddiagnostic computer programs have found out that once debugged, the programis generally smarter than they were in practice, since the algorithm wasconceived in the peace and quiet of one's library, where one can thinkslowly and clearly, Obviously, if experts in a given area are responsiblefor creating up-to-date diagnostic algorithms which are then converted tosel f-prompting computer one couldprograms, immediately upgrade the
would be
standard of care for whoever used the programa The output of the programsummary of data collected, a listing of the likely diagnosticpossibilities, plus suggestions for further workup, Further, thealgorithms could be structured to avoid calling for unnecessary andexpensive laboratory and X-ray procedures, and their printouts would lendthemselves easily to iron-clad defenses against inappropriate malpractice
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actions, Thus, it is possible that they could promote substantial savingsin the cost of medical care,

PATIENT EDUCATION

Computer-assisted instruction is already a fact, but I do not knowif it has been applied to patient education, In addition to the obvious
cost savings with good programs, the utilization of computers could assist
with two well-known problems: Patients have been shown time and again to
forget what was told them, and their memory is aided when one writes it
down, Also, documentation of adequate patient education is now a legal
wachine-assisted approach is that human caring greatly aids understanding
and retention as well, not to mention patient compliance with the
recommendations,

The major disatvantage of therequirement of all surgical therapy.

TREATMENT

Much of the discussion of computer aids to diagnosis also pertains
to certain areas of therapy as well, especially in complicated metabolic
problems, etc.

RECORD KEEPING

Ofien, office records contain much that is routine, particularly
the physical examination and certain sections of the history A
menu-oriented program used by the physician could type out a detailed
summary of tha evaluation, or a file containing the usual format and
content of the report could be edited by a secretary in a word processing
environment, greatly shortening the time required for documentation.

Clearly, word processing itself would be an invaluable and
essentially free service, requiring only a printer with a typeface of
adequate quality.
ATVANTAGES AND DISATVANTAGES OF COMPUTERS IN MEDICAL, PRACTICE

One of the most common cries of the consumers of health care is
that physicians and others don't spend enough time with them and seem
exclusively concerned with technical matters. Computer aids to medical
practice would probably have very different effects in different practices;
it. is likely that a few health professionals would utilize their increased
efficiency to spend even less time with their patients. It is my hope,
however, that as a rule the opposite would be the casa, and that as the
technological role was shared more with the technology itself, a humanizing
effect would occur between doctor and patient. Certainly, a number of
patients may object to interacting with a machine so that the routine
aspects of their histories may be obteined. Yet at least one study has
shown that patients understand the value of computer assistance and are
willing to utilize it. Finally, there is the question of the relative
validity of computer-aided diagnosis, history, etc, as compared with a
well-trained health professional. It is my understanding that to date,
computers have fared as well as MOs in such areas as electrocardiogram
interpretation, complicated diagnostic dilemmas, etc, It certainly remains
to be seen if this role can be reliably extended as noted above.
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USE OF COMPUTER AND BIOFEEDBACK IN PSYCHOLOGICAL
LABORATORY FOR TREATEMENT OF EMOTIONAL ILLS

Russell N. Cassel, Ed.D.
PROJECT INNOVATION, Box 566,
Chula Vista, California 92010

Use of the microcomputer and biofeed> Engineering, 5565 Marengo, La Mesa, Californiaback equipment promises to improve greatly the 92041 with a liquid crustal display unit is used'state of the art' characteristically associa- for this function.ted with 'mental health delivery services.' Acritical aspect of- such services deals squarely Slide Projectorwith the emotions and affect qualities of in- The Kodak Carousel Slide Projector, Modeldividuals. Precise objective data bearing 570 by Eastman Kodak, Rochester, New York 14650on the state and changing nature of one's em- is used for this function.otion had been direly needed, but for the mostpart has been sadly lacking in the 'helping Diagnostic Areasrelationship' arena. For many years the Gal-vanic Skin Response (GSR) along with other Twelve areas of the life-space have beendata has served effectively in 'lie detection' defined as a basis for determining emotionalbut little or no use has been made of it in' producing stimuli. Each area is presumed toconnection with the further detection or treat- be independently organized, and sufficientlyment of emotional ills. common from person to person to have generalizedFor nearly a decade PROJECT INNOVATION meaning for both diagnoses and therapy purposes.has sought to implement and wed the use of the In many ways the areas parallel the developmen-computer and biofeedback instruments in a tal nature of man, and ranging from early homefunctioning Psychological Laboratory. This and family relata to nature and environment:paper describes one aspect of this program I. Bome and Familywhere real objective evidence is sought de- II. Affiliation and Inner Developmentpicting states of emotions for persons in 12 III. Peer and Social Relationswell defined areas of one's life~space. Such IV. Authority/Responsibility and Lawevidence is believed to be critical for both V. Learning and Self-Actualizationdiagnosing and treatment of emotional ills, VI. Romance & Psychosexual relationsand where the newly emerging concept of VII. Risk taking and Sports"Clinician Accountability" is ordered to thescene. VIII. Biological Needs and HealthMany aspects of the newly conceived Ix. Recreation/Avocation and Travelidea are no in 'operational readiness', and X. Aesthetic -- Art and Musicawait the completion and standardization of XI. Productivity and Economics, andothers for use in a planned Psychological XII. Nature and EnvironmentLaboratory somewhere in the Chula Vista,California area. Operation
Equipment The electrodermal unit, pulse monitor andthe slide projector are interfaced with theThis-aspect of the Laboratory weds Vector ++ microcomputer. The microcomputer usesseveral mamor pieces of equipment into a singlefunctioning whole: the Micropalis BASIC language for the principal(1) microcomputer, (2) gal- operation, and with assembler language to recordvanic skin response box, (3) pulse monitor box, input from the various instruments. All signalsand (4) an automatic 2x2 slide projector. carry 'optical isolation' as a means for bothprotecting participant subject from the electri-Miorocomputer cal current used in computer, and for reductionThis is a Vector ++ developed and of noise from the electrical lines.manufactured by Vector Graphic Inc., Westlake Different sets of 2x2 slides are presentlyVillage, California 91361; with a Zilog-80 prepared to afford the typical 'before and after'CPU; and two Micropalis Floppy disks (II) by application in relation to diagnosis and treat-Micropalis, Canoga Park, California 91303. ment regimen. Slides are arranged by areas ofthe life-space, and with 12 slides for each dif-Galvanic Skin Response ferent area included. Typically, the computerThe Model 800 GSR/BSR Electrodermal is programmed to flash a new and differentInstrument manufactured by Acquarius Electron- slide each 15 seconds, and with a tme factorics, Albion, California 95410 (now out of bus- that may be adjusted for longer or shorter per-iness). iods of time. The subject is asked to view eachPulse Monitor Box slide and reflect on the content as if it wererelated to their own particular life situation.The Cardiotach manufactured by Banke Each of the different sets of slides are
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béingnormed for different populations of
varying age and other dimensions. Slides are
retained or eliminated on the basis of the
degree to which emotional responses are
reflected for the norm groups. Slides within
areas of the life-space are distributed so as
to define more precisely the nature of emo-
tional producing stimuli.
Critical Emotional Areas

The microcomputer program provides
for an emotional setting on the computer
ranging from low to high, and in relation to
the Basic Skin Response (BSR) from the elec-
trodermal unit. For persons whose case
history reveals them to be highly emotional
in nature, such setting might be rather high;
while for others less emotional in nature,
such setting might be quite low.

Whenever the BSR for a particular
picture exceeds the critical setting, the
computer halts the projection of new slides
and retain the emotion producing slide until
the emotional response precipitated by the
BSR restores to normal. After the normal emo-
tional condition is restored slides are again
advanced at the 15 second interval. A clock
board in the microcomputer affords the pro-
gramming of length of time necessary to gain
self-control-the time from when the critical
level of the BSR is reached, until the normal
level is again restored.

Individualized Treatment

For those patients involved in diagno-
sis and planned long-term treatment, slides
may be utilized from own individual relation-
ships, i.e., husbands/wives, family, work, play,
avocation, etc., and for each of the life-space
areas involved in the general pattern utilized.
Comparative assessments are planned to deter-
mine the disparity between the individualized
slides and the general standard ones.

Assessment Information

A computer print-out depicts a profile
for the 12 areas of the life-space for both
the BSR and the Pulse of individual involved.
This includes both the mean (m) and standard
Deviation (SD) for a given period of time
(usually about 7 seconds, but may vary).
In addition, there is a list of slides, by
specific life-space area, that produced BSR's
greater than the critical setting, and with
the length time necessary to regain self-
control by particular life-space area. Here
the M and SD is provided for the slides inclu-
ded for that, area. An indication is also
given of the level for the 'critical' setting
used to establish such critical areas. A
copy of the print out form is indicated in
Figure l.
Therapy Monitoring

Provisions are planned so that the
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therapy of a particular patient could be mon-
itored through the use of phone lines attached
to the computerized Psychological Laboratory.
Here visual displays on a Cathode Ray Tube (CRT)
or actual print-outs may be afforded. Thus,
there would be immediate knowledge of progress
in relation to the self-control established by
a patient or client through such procedures.
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PROJECT UNROVATION'S
COMPUTERIZED EMOLLUSAL ASSLGS YSTEM

Psychology ABPP, Box '#6, Chula Vista, California yv2010, with the electronic
and programming, by Marc Yaxley, Computer Metrics, FiCaton,California. It is
comprised of the following mafor equipment: (l)Vectorgrapbics ++ Microcomputer
with 64K of memory,(2Z)USR Biofeedback instrument, "3) Pulse monitor, and (4)
a Kodak 2X2 slide proiector,Generally, the compute records emotional responses
to picture slides from 12 areas of one's life space, identifies slides where
critical emotional responses occur, and assess length of time to gain self
control for all such critical slides, Pulse BSR

Areas of One's Life Space Mean sD Mean SD

This system was ntamned by fa. Russell Cassel, Diplomate in School

I, HOME AND FAMILY

Il, AFFILIATIONS & INNER DEVELOPMENT

III, PEER AND SOCIAL RELATIONS

IV, AUTHORITY /RESPONSIBILITY & LAW

V, LEARNING AND SELF-ACTUALIZATION

VI, ROMANCE & PSYCHCSEXUAL RBLATIONS,

VII, RISK TAKING AND SPORTS

VIII, BIOLOGICAL NEEDS & HEALTH

IX, RECREATION/AVOCATION & TRAVEL

X, AESTHETIC - ART AND MUSIC

XI, PRODUCTIVITY AND ECONOMICS

X11, NATURE AND ERVIRONSENT
TOTALS

Pulse BSR
Critical Slides from Life Space Mean so Mean sD

I, HOME AND FAMILY (II, AFFILIATION & INNER (III, PEER AND SOCIAL RELATIONS (
IV, AUTHORITY & LAW
V, LEARNING ~ SELF-ACTUALIZATION(
VI, PSYCHKOSEXUAL (
VII, RISK TAKING (VIII, BIOLGGICAL NEEDS (
IX, RECREATIONAL (
X, AESTHETIC -Music & Art(
XI, PRODUCTIVITY (
XII, NATURE & ENVIRONMENT (

TOTALS .
Critical Settin GSR Long Term GSR Shert Term
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THE MICROCOMPUTER AS ANTIDOTE
Medical Data Base Applications in the Home and Office:

Accidental Poisoning Information; Medical Journal Abstracts

Roger 0. Littge, M.D., M.S.P.H.
Medical Consultant to the Lawrence Hall of Science
Berkeley, California

Vice-president, Berkeley Medical Data Associates, Inc.
Box 5279 , Berkeley, California 94705

Abstract
Work is proceeding on two

interesting projects which utilize the
rapid text indexing capability of the
personal computer in applications of
medical information storage and
retrieval. The examples are: (a) rapid
determination of appropriate steps to
take in the event of accidental
poisoning and (b) scanning of medical
journal abstracts indexed by key words.

Poison Information
The first of the above problems

(information retrieval for determing the
appropriate action in the event of an
accidental poisoning) consists of
creating a data base of poison and
household products information as a
combination of coded and non-coded
character strings which then may be
accessed by a response-recognition
program, written in BASIC. The
recognizable responses would be grouped
as to their properties which imply a
particular set of therapeutic steps,
e.g. all of the various hydrocarbons
would be grouped together which had
toxicity to the pulmonary tree (trachea,
bronchi, brochioles and alveoli) of
sufficient degree to warrant serious
hesitancy in inducing vomiting; all the
penicillins would be grouped as to their
likelihood to cause various side effects
(rare or benign as they are), all the
various brand names which share the same
active poison could, with several lines
of program and great ease of
modification be included, with the
responses limited to maneuvers and
remedies available at the particular
site of the computer. Studies at the
Stanford Research Institute indicated
that the time necessary for printout of
the appropriate response to questions on

the order of:
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"Is hypotension a possible
interaction between guanethidine and
anesthetic?"

"Can aspirin interact with
probenicid?"

"Can aspirin interact with any other
drugs?"

was approximately 0.97 sec. (plus the
time to print "Yes, guanethidine and
anesthetic produce hypotension") in the
first case, 2.74 seconds (plus ...) for
the second and 8.09 sec. (plus) for the
third. Thus for table look-up programs
of this sort, where the possible number
of responses of the program is really
rather limited, the access times will be
the sums of very short computational
delays and whatever time the memory
Storage takes to find and read the
pertinent addresses for a relatively
limited number of responses. Disc
Storage has the obvious advantage of
speed in handling from 90K to 1MEG bytesof tables and text, while
cassette-handling systems pay a price of
access time measured in minutes (instead
of msec. for the disc) for the greater
text and tables memory they allow. The
system on which the developmental work
for this project was done consisted of
the 8080A based Sol 20 mainframe with
Northstar minifloppy disc drive. While
heeding the advice of Slack (1) and
others to restrict storage of the more
critical components of the dirctories to
RAM storage and relegate more copious
text, assuming it is not needed for
computation ard is merely the character
String to be printed or displayed upon
branching to the most appropriate
response, to non-RAM mass storage
devices, the disc has such rapid access
times that it can be used to store some
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of the character strings needed to
recognize inputs to the keyboard. It
would be eventually necessary, in order
to store the large number of various
names under which poisons would be
found, to have at least several hundred
text-dependent or text-recognition words
stored in a program built around
recognition of the actual words typedinto a keyboard. A comment on the
wisdom of putting entire words into
memory might be warranted, since
multiple choice entries on a keyboardcould also be used to sélect proper
responses and could save memory. For
the looking up of an appropriate action
in the case of a poisoning in the home,it may be easier, considering the
psychological setting, to reduce to a
minimum the amount of thinking and
Cclear-headedness necessary to implement
the program. The program which might
thus be most appropriate for a home
would be text oriented, while, for an
emergency room, physician's office or
poison control center a number oriented
program which could store a larger
number of entries to cover the wider
variety of poisonings likely to be seen
in such places would be attractive.
Number oriented prograns being developed
now would flip to chosen "pages" of text
to arrive at more detailed text bearing
on a particular problem. Each "page" of
text initially would be sized to fill
the CRT screen with choices of
increasing specificity, giving numbers
to enter into the keyboard. Typing in
the appropriate number would then very
quickly branch to the more specific text
"pages" which would contain either more
detailed choices of subtypes of poisons(with associated numbers to lead to thefinal text information) or the final
text information itself. Mme example of
the implementation of each of these
types of programs is given in AppendixA.

Tne version of this program for usein the home is being developed by
Berkeley Medical Data Associates, and
should be available in early 197§. Theinitial plans are to release it in =low cost cassette form for the TRS-80,the Comodore PET, the Apple II, and in
CUTS format for the S0L-20 or other
microcomputers using Processor
Technology's CUTER cassette interface.Disk based versions are being developedfor the home, and in a more
Sophisticated form, for medical offices
and emergency facilities.

56

Journal Abstracting
The second project (storing and

indexing of journal abstracts) takes
advantage of an abstract generating and
distributing service which is alreadymailing concise, indexed and codedabstracts in the U.$.(2). Their
indexing and abstracts are not available
on computer compatible media, but theyhave discussed the matter in their own
organization and have agreed to assist
our group in bringing this service to
those who have invested in microcomputerhardware. As mentioned above, the
indexing and cross-indexing for thisproject is similar to many other
applications in the general area of
literature searches. MEDLARS has usedits codified system of key words for
years to assist in the 'location and
retrieval of new medical knowledge, butit has not been adapted, to my
knowledge, for microcomputer systems
operating on-line or stand-alone (as
with on-site disc or cassette storage).More detailed information on the
indexing being used is available in
Appendix B.

Appendix A
The first case of the programbeing used at home for rapiddetermination of the best first steps to

take after a poisoning can be discussedfor both dise- and cassette-based
Systems likely to be found in the hone.
Currently, the largest selling personal
computers are being marketed withcassette drives for reasons of price
competition and perhaps the desire to
supply "more bytes for the buck", whileit can be safely assumed that discdrives will become very common as homeusers upgrade their systems. Tapesystems will fairly easily store
background data for each person in the
family (Date-of-birth, height, weight,allergies or hypersensitivities, presentmedications and recent or ongoing
treatments, pertinent medical historyand hard-to-remember names and phonenumbers) though retrieval of distantfiles may take several minutes. It
would be prudent, thus, to have the tapeOr disc easily available if the real
need were to arise to use it, and, inthe case of the tape, to prepare it suchthat the most critical and commonpossible poisonings would be most
quickly accessible, near the beginningof the tape where the monitor portion ofthe program would be stored and fromwhere the tape would have to move to
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retrieve the desired text. Power-on,bootstrapping and appearance of "What
type of ingestion?" (or whatever initial
message the particular home would like)takes as little as seventeen seconds ifthe dise is handy for a disc systen, and
would take from at least two minutes for
tape-dependent systens, less if a larger
PROM is used to store more of the
tape-recognition and initial search
Program. An example of a typical "page"from which a distraught mother, for
example, could pick a catagory to locate
the text of the best thing to do for her
child (who just swallowed the rest of
whatever was in that bottle in the
kitchen) is shown in Figure I. Keyboardentry of numbers can quickly be
recognized to cause display of either
more pages of more detailed menu or thefinal text display relating to that
particular type of poisoning. Each pageof final display could include the
information found on the page called
"numbers," i.e., phone numbers of the
nearest emergency room, family or
particular physician and nearest poison
control center.

Appendix B
The abstract service with which our

group has the most experience is located
in Indiana, and, for a number of medical
Specialties they provide independentabstracts of several dozen journals,
issuing them on 3" by 5" file cards.
The number of journals abstracted varies
depending on the specialty, ranging to
over sixty. Their initial indexing is
illustrated in Figure II for FamilyPractice. This is supplemented by the
following suffixes as appropriate:i. Generalii. Etiology, Pathophysiologyiii. Diagnostic Signs and Tests

iv. Complications and Prognosis
v. Treatment and complications
thereof

The first heading under Master
Index, General Topics, is further
subdivided as shown in Figure III, and
each these is also subdivided, giving an
obvious method of finding abstracts
bearing on more and more specific areas.
The abstracts are not yet available on
computer-compatible media and the
abstract service has deliberated on
providing such, but our group is also
pursuing setting up such a system on
minifloppy disc with a text scanning
program to pick out key words and
display or print the citations and/or
abstracts.
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Garage
Gasoline-like stuff (TYPE) 4

Thick or heavy oils,ete 2
Paint, stains 3

Other «TYPE the product nane
Kitchen

Caustics, bases.(lye, Drano) 4
Soaps, detergents 5
Insect liquids, etc 6
Other...TYPE the product name

Bathroom, etc.
Medicines 7
Cleansers 8
Bowl cleansers 9
Other...TYPE the product name

NUMBERS TO CALL 0

FIGURE I: Home poison information

Master Index
I. General TopicsII. DermatologyIII. Diseases of Head, Neck and Respiratory SystemIV. Cardiovascular System
V. Hematology
VI. Gastrointestinal SystemVII. Liver, Biliary and Pancreatic SystemVIII. Collagen Disease, etc.IX. Metabolic Disease
X. Endrocrinology
XI. G-U Systen
XIT. Musculoskeletal SystemXIII. Nervous System
XIV. HEENT
XV. Psychiatry
XVI. Infectious Disease
XVII. Misc.
XVIII. Hereditary and Congenital DiseaseXIX. Therapeutic Agents
XX. Trauma
XXI. TransplantationXXII. Pediatrics
XXIII. Plastic and Reconstructive Surgery

FIGURE II: Journal Abstract Categories

I. General Topics
A. Disease Concepts
B. Systemic Manifestations
C. Metabolism, Nutrition and Diet Ther apyD. Social and Economic Factors
FIGURE III: Breakdown of "General Topics"
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Abstract.
Hospital administrations are
understandably reticent to adopt
microcomputer applications in
settings which have always requiredthe power of at least a
mini-computer. The primary
question seems to be whether or not
a microcomputer is, in fact,capable of fulfilling the
requirements of any of these tasks.
An approach to this administrative
impasse envolved the purchase of a
complete microcomputer system
equipped with a portable custom
designed desk. The purchase of
this single computer was based onits ability to perform at least one
cost effective, though simple task.
Its primary use, however, is for
development of feasibility
demonstrations of microcomputer
applications throughout the
hospital. The operating assumptionis that as each application is
demonstrated to be feasibile on a
microcomputer, the responsibleadministrative sub-unit of the
hospital will then purchase the
requisite hardware for permanent
installation in that application.
The projected applications and
general acceptance of this concept
are discussed. The system
described was implemented at
Children's Hospital in Oakland,
California. [Key words: medical
computers, computer feasibility
Studies, hospital administration,
hospital economics]

Introduction
Microcomputer systems are now

capable of managing many of the
computer applications within a
hospital. Such implementations,
however, are not very much in
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evidence. This is not for lack of
appropriate hardware, nor becauseof the shortage of suitable
software (though the software is
hard to find), but rather a result
of the reticence of hospitaladministrations to seriouslyconsider microcomputers as a
realistic alternative to the larger
mainframes. This is understandable
in light of the scarcity of
examples of successful
microcomputer applications inhospitals. It is also
understandable when one considers
that at most hospitals the computer
consultant (if one exists in the
institution) has a full grasp of
the capabilities, shortcommings,
and costs of larger computers, butlittle, if any knowledge of
microcomputers. This is augmented
by the contrast between vendors of
large computers and vendors of
microcomputers. The former utilize
impressive advertizing investments
to acquaint hospital administrators
with their wares. The latter, of
course, make almost no attempt to
do so. This discussion focuses on
the issues of the desirability of
microcomputers in hospitals, and an
approach to demonstrating their
feasibility.
The Hospital Computer Environment

What tasks are currently
performed by computers within the
hospital setting? Accounting,
billing, payroll, inventory, and
census come quickly to mind. Manycentral laboratories have
computerized their data.
Pharmacies have automated their
in-house dispensing of medications,
and check for potential drug
interactions by computer. The list
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of applications is really quite the finally developed
long. Can a microcomputer handle implementation to more closely
these diverse tasks? Of course approximate the projected needs.
not. Not single handedly. But It bypasses the nearly impossible
herein lies the strength of the chore of projecting the needs ofmicrocomputer. Because a the whole institution two or more
microcomputer system can be cost
effective when applied to only one years into the future.
or a small number of simultaneous Feasibility Demonstrationstasks, it provides immense After an institution has made
advantages in terms of flexibility the decision to install a largeand implementation time. themainframe computer,

Consider the large mainframe administration must set about the
installation. Its cost requires task of determining the feasibility

of various hardware and softwarethat it be shared among a sizeable
configurations for each of thenumber of simultaneous tasks, In someperhaps even timeshared outside the projected applications.

hospital. As a result, its instances, similar applications at
other institutions may be inspectedoperating systen must be capable of

Its to determine the strengths andhandling all of these tasks.
applications programs must all be weaknesses of their specific
implemented before the installation configurations, though such
will become cost effective. Two information is sometimes shrouded

by the pride and embarrassment ofyears is a reasonable estimate of
administrators who have committedthe time required from planning to

completion. The hospital must be their hospitals to costly contract
prepared to commit an impressive errors. More often, however,
amount of the institution's feasibility must be demonstrated

"on paper" by attempting tofinancial resources to computer simulate the final installation bypurchase contracts which, more
often than not, do not guarantee outcome analysis techniques. While
that the final installation (two these estimates may be reasonablyaccurate for any particularyears later) will meet their needs

application, their inherent erroror, for that matter, be function
reliably (1). Tne installation is cumulative for the system as a
will require a substantial whole, and may therefore fail to
continuing costs for hardware predict fatal shortcomings of the
maintenance as well as software contracted hardware and software.

Theupdating and modification.
total dollar commitment is so large The situation is much simpler
that changing systems, if the first for microcomputers. Since the
is found to be unsatisfactory, is needed feasibility study

encompasses only one application,almost impossible. the likelihood of a valid
An addedA microcomputer, on the other conclusion is greater.

hand, may be cost effective even if benefit is that if the system
dedicated to a single task. Its ultimately purchased fails to meet
total cost, in any particular the demands placed upon it in its

intended application, then it is aapplication, is comparable to the
annual salary of the lowest paid relatively easy adjustment to
employee. In several applications assign it to a different task.
being developed by the author, it
may easily pay for itself within a The Feasibility Computer
few months. The continuing At Children's Hospital in
maintenance costs are minimal, and Oakland, California, the problem of
software updating may be demonstrating the feasibility of
successfully undertaken by any various microcomputer applications
individual with a knowledge of the was solved by purchasing a complete
rudiments of computer processing. microcomputer system. This systemIf, after a year or so, it is found took on, as its sole application,to be unsatisfactory, its the job of demonstrating the
abandonment is not hampered by the feasibility of microcomputer
need to restructure the data implementations in several areas of
processing needs of the entire the hospital. Its purchase was
hospital. Development time for any initially justified byparticular microcomputer demonstrating "on paper" that itapplication ranges fran one to six
months, in most cases, and allows was capable of. performing a singlecost effective task -- that of
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monitoring the chargeable items
used within the Intensive Care
Nursery. If it could not be shown
to be feasible in any other
application, then it would be
assigned to that dedicated task,
and pay for itself in about three
to four months.

The hardware and software were
selected to be most compatible with
the array of possible applications
which it would test. Since one
particular application required a
triple floppy disk drive, three
North Star Microdisk Drives were
selected. The computer is a SOL-20
with 48K bytes of RAM. A Diablo
1610 receive-only graphics printer
was chosen to enable the
development of graphics output in
certain of the applications. The
software included the North Star
DOS and North Star extended disk
BASIC, Michael Shrayer's Electric
Pencil II text processor, CP/M on
North Star from LifeBoat
Associates, and Microsoft FORTRAN
80. It was felt that this broad
selection of software would enable
the systen to find maximal use.

A custom desk was constructed
by a local cabinet shop, at a cost
of about $160. The desk was
designed with four heavy duty
casters, and holds all of the
hardware, a complete box of full
width tractor feed paper, and has
several compartments for easy
access to manuals and a supply of
floppy disks. Its height is that
of a typing desk, and underneath is
a hospital-grade electrical outlet
strip so that the entire mobile
unit may be plugged into a single
outlet. Because of the easy
mobility of the complete system, it
may be wheeled to the site of any
feasibility demonstration without
the fear of transporting the
numerous hardware components. In
addition, the demonstration site
does not need to be cleared of
existing equipment to make room for
the temporary computer. The mobile
desk is considered a vital
component in the use of the
feasibility computer.

At the outset of this project,
a list of possible feasibility
demonstrations was drawn up by 4
small committee of administrators,
physicians, and the chief
biomedical electronics technician.
The list was dictated by the
specific current needs of the
hospital, and included the
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following:
1. a monitor for the two CorningBlood Gas Analyzers;2. a data base manager for the
Neonatal Follow-up clinic;
3. scheduling of the more than 120
nurses on the Intensive Care Nurserystaff;
4, on-call scheduling for the
Resident house staff;
5. a bedside data base retrieval
System for the Intensive Care
Nursery;
6. an inventory and billing systemfor the medical materials used within
the Intensive Care Nursery.

The list was only a guideline, and could
be modified as needs changed, however
the priority item was the monitor for
the blood gas analyzers. For this
particular application, an additionalI/O board was purchased, with the
provision that it would remain with the
system eventually installed in the blood
gas lab.

The obligation of the feasibility
computer system is only to demonstratethat a particular application is
feasible, after which the responsibilityfalls upon the clinical area envolved to
purchase a new microcomputer system to
be dedicated to that application. The
feasibility computer then moves on to
other demonstration projects. Part of
the process of demonstrating feasibilityis the development of at least skeletal
software to perform the task being
tested, so the chore of applications
software development is also born by the
itinerant system prior to the actual
feasibility demonstration.

The cost of the system was
approximately $10,000 including the
hardware, 100 floppy disks, all the
system software, the desk, and a supplyof expendables. Most of the finally
implemented dedicated systems should
cost about two to three thousand dollars
less, since most do not need a printerof the Daisy-wheel variety, and will
need only one set of system software.
The special interfacing required for
some of the applications is only about
$300.

The hardware and software were
purchased together from a local retail
computer store which was selected for
its reputation of excellent hardware
support and willingness to provide
assistance in the planning of unusual
applications. In lieu of a maintenance
contract, buying from a responsible
retail dealer within the vicinity of the
hospital can be invaluable.
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Results
This approach has not been applied

for a long enough period to determine
its general impact, but it has resulted
in considerably greater interest on the
part of many hospital departments in the
possibility of microcomputer
applications. AS more and more
microprocessor controlled biomedical
devices are placed on the market, the
potential users of this equipment are
looking more toward microcomputers for
processing the data output.

So far the system has developed the
following:

1. a fully implemented monitor for
the Corning Blood Gas Analyzer (2);
2. a feasibility demonstration of a
patient bedside data base retrieval
system (still under development) for
the Intensive Care Nursery (3);
3. a complete user's manual for the
hardware and software of the
feasibility microcomputer system
itself, to facilitate continued use
of the systen in the future;
4. an 8080 assembly language program
for translating North Star BASIC to
CBASIC (still under development);
5. a tabulation program for use in
chart utilization review.

As further applications are
completed, their outcome will be
presented at this, and other forums. In
June of 1979, a study of the real cost
and results of this project will be
concluded, and the results published.

Summary
An approach to feasibilitydemonstration of microcomputer

applications in the hospital setting has
been presented, with specific reference
to the feasibility microcomputer systenin use at Children's Hospital in
Oakland, California.
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A COMPUTERIZED CLINICAL SUPPORT SYS'TEM
AND PSYCHOLOGICAL LABORATORY

Russell N. Cassel, Ed.D.
PROJECT INNOVATION, Box 566
Chula Vista, California 92010

Almost since the inception of modern conceived apart from both the group of which hepsychology the association of the Psychologi- is a member and the present situation and globalcal Laboratory with the study and analysis of environment of that group. Much more importantanimal behaviour has been legion. Indeed, it Man must be conceived in relation to the fouris as if the understanding of animal behav~ part functioning unit that constitutes the whole,iour would in some mysterious way enhance
our understanding of man.

all parts of which are equally important for the
Nothing could be inciting and direction of human behaviour:farther from the truth; for humans and ani- (1) physical, (2) emotional, (3) intellectual,mals are as different from each other as day and last but not least (4) spiritual.is from night. Failure of the psychologistto focus squarely on human behaviour in the

Here emphasis is placed on reversing thetraditional roles of the client and clinicianPsychological Laboratory has forced the clin- where the patient (client) remains an activeician in a helping relationship to fabricate and committed partner in the helping relation-substitutes in both the diagnoses and treat- ship process; as opposed to where client orment processes borrowed from antiquity of a patient is passive and recipient. Focus is placedthousand years ago. Here subjective judgement squarely on the use of internal healing as acombined with clinical intuition have subju- useful and often necessary supplement to surgery,gated the state of the art in our helping radiation, and drug or chemical therapy. Therelationship arena to that of the religious process is person oriented; as opposed to theminister of yesteryear. typical disease or problem oriented approach.PROJECT INNOVATION, with the author The objective of this 'Holistic' approachas principal investigator, seeks to develop remains the full, vibrant health (positive well-a new and different concept for the Psycholo- ness) of the individual; not simply symptom am-gical Laboratory, and which more nearly par- elioration as has been too often the case inallels the use of the Medical Laboratory. our past. The most rigid standards must be im-Here the utilization of biofeedback equipment posed in terms of defining objective data, and
promises to offer the clinician in a helping the control of extraneous variables for the diag-relationship role scientific data analogous nostic process and establishing firm cause~and-with tissue assessment, or the blood, urine, effect relata. Correlates alone are not presumedand feces analysis by the pathologist in the to be sufficiently valid to establish a causativeMedical Laboratory. Computer based 'gaming basis.
and simulation' similarly provides peopleinteraction relata analogous with the jump- Transpersonal Psychologying on one foot to assess heart functioning
by the physician. The use of computer based Probably the most critical factor
psychological relata affords the individual involved in health delivery services in the
immediate knowledge relative to improved mental health arena has to do with human values.
understanding of both self and others. The Repeated objective evidence depicts no more thanutilization of video tape allows before and Maybe a dozen and half principal values we char-after comparative data reflecting emerging acteristically embraced by individuals. In terms
change, and the nature and degree of such of priorities for such values, human freedom is
change. In this concept of a Psychological most often held as paramount. The most critical
Laboratory there is not the slightest refer- requisite for human freedom, almost without ex-
ence to animal behaviour, and, indeed, mean- ception is the 'self-control' of person involved.
ingful data must of necessity reflect squarely A second equally important requisite is often
on each unique individual involved in the self-understanding. Both of these phenomena must
helping relationship. be dealt with squarely by the Psychological

Laboratory, if it is to function efficiently. It
Holistic Health should be noted that the principal objective for

use of biofeedback equipment has to do with fos-
The present concept of a Psychological tering self-control of individuals at higher and

Laboratory embrace completely the theory per- higher levels of functioning. Gaming and simu-
tinent to 'Holistic' medicine. For to under- lation, on the other hand, serves equally well
stand the dynamics of human behaviour, both to foster self-understanding. Thus, biofeedback
the situation and the individual must be reck- equipment and gaming and simulation are to be
oned with. Indeed, an individual can not be some of the cornerstones for the Psychological
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Laboratory. Personal Sensitivity and Self-Control

Biofeedback Instruments The ultimate goal in the utilization of
biofeedback equipment is to develop in the

The entire repertoire of biofeedback individual higher and higher levels of sensi-
tivity in relation to 'SELF-CONTROL' of theequipment must be available in the present

concept of the Psychological Laboratory. functions involved for the respective equipment.
Typically such development might be expectedTypically, the monitoring of the use of such

equipment will remain the province of speci- to take a period of from 4 to 10 weeks per in-
strument. Always, such training should be planneqfically trained and appropriately oriented

paraprofessionalsas regular employees. Always for periodic professional immediate supervision,
such paraprofessionals function under the and where attention is given to client articula-
watchful eye of mature licensed professionals. tion of conscious phenomena associated with the
More often than not such application may in- developing sensitivity for self-control involved.
volve a gradual transition from a chemical In addition there should be personal demonstra-
or drug therapy routine working in close tion of such control; so as to eliminate any
association with a physician to a state where undesirable features observed; for often faulty
the biofeedback equipment is substituted for training is worse than no training in accomplish-
the use of such drugs. ing the objective desired.

Self-Help Concept Biofeedback Goals

Here the client (patient) is instructed the focus in 'Holistic' medicine and in
on the proper use of the biofeedback equipment. such health delivery service is primary pre-
Personal demonstration is provided for the vention as opposed to crisis intervention; so
testing of batteries, use of sensitivity we would expect a lot of clients who are not
levels, volume control, approximate time and really patients in the usual sense of the word
number of exposures, and outcome expectations. to participate. Indeed, it is more than pre-
Such individuals are then personally monitored ventive, as it goes beyond the avoidance of
through one or more sessions in the actual illness and accidents in pursuit of continuous
use of the specific equipment involved; to and progessively improved self-control and self-
insure that they know how to operate it on actualization of the individual. It must be
their own. recognized that even in Holistic medicine there

will be 'crisis intervention' incidents, and in
Adapting Feedback Stimulus such persons the specific crisis must be addres-

sed sooner or later in connection with indiv-
Typically, a wide variety of feedback idually planned therapy.stimuli are available for each of the differ-

ent feedback instruments; both visual and aud- Usual Laboratory Involvements
itory in nature. For example, there may be
different types of auditory 'beeps' -those with In the Psychological Laboratory there are
a high shrill sound, those with a slow rat-tat- usual routines which are designed toward theta. There may be a lecture associated with progressive increase of self-control of the
the variety of sounds. There may be a sel- participant. This, to be sure, is totally anal-ection of a variety of musical backgrounds ogous to the procedures in the Medical Laboratoryadded. The soundsor music may be fixed to In the latter blood, urine, and sometimes fecesactivate either when the client is successful analysis are basic functions. So for all patientsor unsuccessful in accomplishing the instrument we would expect to deal with personal relaxation;objective. In addition to the vast choices then with some degree of self-control over theof auditory tones, there may be visual ac- blood-pressure-heart beat and smooth muscles;
companiments - such as lights, or meter read- then to order for self a feeling of 'well being'ings. Careful attention will be given in and finally to establish some degree of self-orienting the user to the available feedback control over own emotions. Typically, therestimuli and on how to secure their own parti- might be an assessment to what degree suchcular choice. competencies in relation to self-control are

present, and an evaluation of needs present.Equipment Rental Service What specific instruments are utilized for each
objective may be prescribed by the clinicianThe Psychological Laboratory is pre- doing the assessment; otherwise a usual routinepared to offer users with either rental equip- of progression of instruments would be followed:ment of a high quality functioning on a (1) Electromyograph (EMG), (2) Temperaturedaily or weekly basis; or to offer out-patient Trainer (TT), (3) Electroencephalograph (EEG),use of such equipment in specially designed (4) Galvanic Skin Response and Pulse MOnitorrooms for such purposes. Such equipment may (BSR and PM).often be acquired on a rent/purchase basis;

so that users who desire to have the equipment
on a permanent basis may do so.
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Crisis Intervention

ately related to a specific client describedcrisis, the Professional Clinician May pre-scribe specific procedures, or elect to pre-scribe the usual laboratory routine. Typicalkinds of crises for which such amelioration
has been effective are as follows: head achesof specific types, certain kinds of petit mal
attacks, sexual impotence of certain types,frigidity in sexual response, constipation,tension and restlessness, certain types of
mental depression, drug abuse, and most other
kinds of mental health problems.

Control of Striaded Muscles

Typically the instrument utilized forthis objective would be the electromyograph
(EMG) .
levels of energy, and sometimes unknowingly to
person involved. The EMG can sense the degreeof energy expanded through the tenseness of
such striaded muscles and alert the subjectto its presence. Where such tension is pre~

subjectscharacteristically are tired and rest-less because they lack energy for other
functions. Where sleep inducing drugs (bar-
biturates, etc.) have been the rule, there
must be a gradual transition to the self-
control working in close relations with
the physician involved. Where opposing
muscle groups are not fighting each other,
subject attain more rest in a shorter per-
iod of time, and become a more effectively
functioning individual.
Control of Smooth Muscles

A major function of the smooth
muscles has to do with the cardiovascular
system in man, and the blood pressure and
heart beat remain indexes of such control.
Typically, the Temperature Trainer (TT)
and the Pulse Monitor (PM) are the instru-
ments involved in this function. There is
convincing evidence that a necessary requi-site for control of smooth muscles is the
presence of a dominant 'parasympathetic'
central nervous system control pattern.
One means for establishing such a dominant
pattern is believed to be the establishment
of temperature differentials within differ-
ent parts of body-two hands, or maybe forhead
and hand, etc. Always, however, the problem
remains the development within the individual
some personal and often unique means for
self-control, and a personal awareness of what
such control encompasses; as well as how to
implement the control. Since the parasympath-
etic dominance is often referred to as the
'accelerator' of life (as opposed to the
'sympathetic' pattern which is referred to as
the brakes of life), this process serves to
foster personal motivation, and a will to do.
Thus, we have the substitute for the usual
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dispensing of amphetamine drugs. Where such
prescription has been the rule, there should
be a gradual transition working in close prox-imity with the physician to where the TT be-
comes a substitute.

Feeling of 'Well-Being'
Surely this is the goal of all mental

healthy individuals, and must remain the goalin the total helping relationship arena. The
instrument usually associated with this ob-
jective is the Electroencapholograph (EEG).
Even though this instrument is old since the
1930 when Gibs and Gibs first established the
now famous 'spike and dome' pattern of the :

petit and grand mal activists, but the speci-fic use is not well defined in this area. When
self-control of brain wave electricity fre-
quency is attained, there remains the problemof determining at what level of frequency
optimum feelings of well being obtain for the
specific individual involved: (1) Delta-0 to
3 Hz, (2) Theta-4 to 7Hz, (3) Alpha-8 to 11
Hz, (4) Sigma-12 to 15 Hz, and (5)Beta-15 + Hz.
In a very real way, then, the use of the EEG
becomes the substitute for the use of opiate
and cocaine type drugs to accomplish this
objective. This, to be sure, would include
the alcoholic drugs, and may include coffee,
tea, sugar, and even other highly seasoned
foods-when full truth is known.

Control of Emotions and Affect
Here a whole host of equipment is typically

involved,and which usually includes: ,(1) Gal-
vanic Skin Response-where the Basic Skin Res-
ponse to electricity is stimulus (BSR),
(2) Pulse Monitor (PM), and (3) Kodak Slide
Projector. The use of these instruments in
concert is the subject of another paper.

Fostering Self Understanding

All of these programs are computer based,
and many of them have a double functioning
nature: (1) one where assessment is made of
one's present functioning level, and (2)
another where the goal is growth and develop-
ment through a learning exercise. In the
latter the participant may ask computer for
HAZARDS-usual risks for a particular choice,
and where orientation is in future;
CONSEQUENCES-where participant may ask com-
puter for likely consequence or consequences
for a given choice, and where orientation is
on past-after act; or TEACH-where computer
depicts preferred choice, and based on a de-
fined norm group. Most of these individual
programs have been written-up as separate
reports:

(L) Leadership Decision Pattern (BASPAT)--
where computer depicts pattern one uses
in playing role as leader for decision
making.
(2) Locus of Control (PRSUAD) -- where
computer depicts one's orientation for
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career fields, and/or upper-division collegeselecting choices in decision making.
(3) Decision Making Competency (DEDEV) - and universities throughout the United States
where the scientific competency of one and possessions. There is a two stage process
is assessed in the systems analysis involved in the 'narrowing' of choices, with

the first stage concerned with delimitingapproach to making decisions.
(4) The Drug I.Q. Test (Sexl)-where one's the unrelated jobs or colleges, and with
sophistication in the area of sex is the second stage dealing with a narrowing

based on data related to a specific jobassessed in relation to specific norm
groups. or college. The latter being a much finer

basis for discerning:(5) The Déug I.Q. Test (Drugl)-where one's
sophistication in relation to abuse of (1) Computerized Vocational Guidance
dangerous drugs is being assessed. System (VOCGUYD), and

(2) Computerized Educational Guidance
Social Interaction Assessment System (EDGUYD) .

All of these programs are similarly Computer-Based Tutorials
__

computer based, many of them have the two
functioning areas (assessment, and personal A whole series of computer-based programs
development or learning), and most of them are presently available in this area, all

of them have important implications for theinvolve some aspect of 'gaming and simulation';
where participant is asked to play an assigned Psychological Laboratory; for they deal with
role in the answering of questions. Typically, critical behaviour of individuals in the usual
choices afforded range from social conforming and characteristic life-space of our Western
to the opposite position, and through culture:
a kind of middle-of-the-road choice. Typically (1) Case Study Analysis (CASTY)-where
each of the programs has been carefully carefully selected and well organized

case studies have been computerized, andnormed, and where the assessment index is
based on degree of agreement with established where Psychology Interns are expected to
norms. Some of the principal programs in diagnose crisis states, and describe
this group are as follows: their degree and nature of development.
Computer Assist Counseling OCASCON) (2) School Psychology Practicum (PSYPRAC)-

This program is designed to both assess where computer-based modules are provided
and teach the participant in relation to pertinent to the pre-training and education
'meaty' (problems that are extreme in nature, of the psychologist.
but nevertheless often the case-if it can (3) CAI for BASIC Language (BASIC)-where
happen, it is likely to happen) problems, and individuals are introduced to BASIC com-
what society or norm group expects as the puter programming.
ideal response. (4) Elementary Tutorial ( TUTOR) - where
Professional Counseling (PROFAL) elementary and secondary students are of-

A whole series of computer based pro- fered a wide range of CAI and other teaching
grams that both assess and teach individuals or self learning units.
concerning ideal expectations of respective
contemporaries in the norm group. Some of the Research Support
programs included presently are as follows:

(1) Counselors Here we have an entire repertoire of
(2) Teachers statistical analysis programs all adapted
(3) Nurses for use on the microcomputer without a disk
(4) Principals system. These program are designed to support
(5) Entrepreneurs a major research effort of small number, and
(6) Racial to afford the widest array of choice for
(7) Health, and statistical procedures.
(8) Marriage

Multiple Role Counseling (TWOROL)
Here individuals are asked to play

an assigned role in computer-based simulated
social problems, where they face problems in-
volving the 'cutting-edge' of confrontation,
and assessment is made in relation to expec-
tations of a specific norm group. The second
time through the same problems the role assign-
ed involves manipulation of the 'cutting edge'in relation to others, and a comparative assess-
ment is made against the first role choices.

Career Planning

Here individuals are provided a
scientific basis for the narrowing of choices
in relation to the widest array of job
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MICROCOMPUTER APPLICATIONS FOR BIOMEDICAL INSTRUMENTATION:A Monitor for the Corning M-175 Blood Gas Analyzer

Robert C.A. Goff, M.D. Research Associate
Children's Hospital Medical Center of Northern California
51st and Grove, Oakland, California 94609 (415) 654-5600ext 276

Abstract
New biomedical instruments providedigital output of test, calibration,
and machine status data, usually in the
form of seven segment LED displays.
Many such machines are microprocessorcontrolled. This paper discusses in
general those which the manufacturers
can equip with a serial data port for
transmitting results and/or receivingcontrol commands. A microcomputer
monitor, developed by the author for
the Corning M-175 Blood Gas Analyzer,will be used as an example of theconsiderations which should be
addressed when designing software for
such a biomedical application. [Key
words: computer monitor, blood gas,
biomedical instrumentation, Laboratory
data storage]

Introduction
In the practice of medicine, we

are just now seeing the firstfruits of
microprocessor controlled biomedical
instruments and life support devices.
Of importance to this discussion is the
fact that such devices are capable of
providing their data to an external
device such as a microcomputer system.
While at present most microprocessor
controlled devices do not come equipped
with any form of external interface,
most of them can be modified, either bythe manufacturer or by the user, to
Support a serial or parallel data
interface. The essential requirementis that the data displayed by the
device be in a digital form, which
would allow a supplementary interfacing
device to easily decode and transmit
the data externally.

If the digital form of the data is
available only as a seven segment LED
signal, then the interface must
tri-state, buffer, and decode the seven
segment signals in such a way that each
of the data types provided by the
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instrument may be transmitted in anidentifiable format to the interface.While such a hardware task is
conceptually simple, it may requireSignificant modifications to the
original electronics of the instrument,
and such medification will certainly
complicate the picture of warranty and
Service contracts relating to thedevice. In considering the
construction of a "homemade" interface,the biomedical electronics technician
(BMET) must first acquire a thorough
knowledge of the equipment which is to
be modified, and such knowledge is
usually available only in the form of a
training course provided by the
manufacturer or vendor of the device.If the warranty period has already
expired for the device to be modified,
and the user institution has decided to
maintain the device with the service ofits own BMETs, then the "homemade"
approach may be reasonable. Otherwise,I would strongly recommend that onlymanufacturer provided interface
electronics be installed.
An optimal interfacing device should
posess the following capabilities:

1. read the various data types and
store them in interface RAM prior
to attempting to communicate the
data externally;
2. provide a parity bit with each
character to be transmitted;
3. provide a longitudinal parity
check character with each data
string to be transmitted;
4. provide the option of either
spontaneous data transmission (to
a dumb device or an interruptdriven smart device) or an
inquir y/acknowledge protocol (for
transmission to a smart device
which is not interrupt driven and
cannot be dedicated solely to
monitoring the data output);
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5. if an ACK/NAK protecel is te be
used, to retransmit the data in
response to the NAK message;
§. provide BAUD rate options for
interfacing to the mest common
external devices;
7. allow independent operation of
the device in the event of
computer system failure;
8. if more than one identical
device is to be operated
simultaneously, to provide a
reliable means of determining
whese data is on which of the
devices (some sort of software
ID);
g. transmit all data in a connenlyavailable ecde and in an
unambiguous forinat;
10. posess in ROM the instructions
which allew the abcve
capabilities.

The software needed to relate to such
an interfacing device will varry to
some extent with the equipment being
interfaced, however there are a number
of considerations which should be
evaluated regardless of the specific
devices. Most important is the fact
that most clinicians and researchers
have spent years gleaning the data they
require from inadequate or inconvenient
sources (such as piles of lab slips or
disorganized laboratory printouts) and,
as a result, cannot provide the
pregrammer with a complete list of
desired cutput unless they are first
previded with an inspired discussion of
the many exciting and valuable
pessibilities. Until these ultimate
users of the data have gained an
understanding of the possibilities and
systhesized a list of their desired
output, the pregrammer :nust limit his
progran develcpment to the actual
drivers of the I/O hardware. Even the
selection of a mass storage device and
data file format must await their
specifications. In the same line of
thought, the final program structure
must be capable of manipulating and
storing considerably more data types
than those criginally anticipated,Since the expectations of bothclinicians and researchers will
certainly increase dramatically once
they enjcy the benefits of automated
data processing. This will be
discussed further belcw.

Utilizing a manufacturer providedinterface will circumvent much of the
headache cf hardware design and, at the
same time, not jeopardize the
maintenence and warranty provisions so
essential in operating labcratoryequipment or other bicmedicalelectronic devices. It must be

understccd, however, that the
manufacturer must provide the
programmer with absolutely therough
decumentation of beth the operation cf
the interface and the exact format in
which the data will be supplied. The
latter should include:

1. the type of character cede to
be used;
2, the type cf error checking to
be implemented;
3. the method cf identifying each
data type to be previded;4, t he exact ccemmunication
proteccl(s) necessary;
5. the size and character range of
each data field;
4. the hardware communication
options available (such as BAUD
rate, full/half duplex, number of
start and stop bits, etc.);7. the outcome of data
transnission errers.

With such complete decumentation
and with a list of desired final
outputs (from the clinicians or
researchers) the pregrammer should be
able to construct the required software
with relative ease. Probably the mostdifficult aspect of designing the
software is with respect to making it
"crash proof" [knock on wood]. It must
be implemented in such a way as to
allew the essential functions of the
device tc continue, unimpeded, in the
event of computer or software failure
(this is mandatory in any health care
application). For example, if the
pregram must access floppy disk files,
then it is subject to crashing if the
disk drive latch is inadvertantly left
epen. Ordinarily in such an event a
"HARD DISK ERROR" message. is displayed
on the CRT and the program halts. A
far more preferable outceme would be
the "trapping" cf such an error by the
program, the display of an appropriateerror message, followed by the
continuation of the progran in a mode
wnich bypasses disk accesses (cr the
effending disk drive). Pregramming ofthis sort requires mcre thought,
sophistication, and patience than most
of us are accustomed to devcting to the
average programing task.

Tne remainder of this discussionwill concentrate on a specific exampleof the software needed to utilize a
manufacturer provided interface. The
Corning M-175 Blocd Gas Analyzer was
chosen since it is a ccmmon laboratory
device, and provides a wealth of data
and communication options. The
majority of the bleed gas analyzerscurrently in use in this country are
manufactured by Corning, and are nowable to support their well designed
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printer/conputer interface option. The
software was designed by the author for
use in the Department of PulmonaryMedicine at Children's Hospital in
Oakland. Since the greatest demand on
these machines in our hospital is made
by the Intensive Care Nursery (the
largest in the San Francisco Bay area)
Special progranming consideration was
given to the clinical needs of that
service.

The Corning M-175 Blood Gas AnalyzerThis is a microprocessor driven
laboratory instrument which analyzes
blood samples for their acidity and
content of oxygen and carbon-dioxide.
(These are essential in the managementef ventilator patients.) In addition
to these measurements, made by
precision electredes, the M-175calculates a number of other blocd
parameters, such as the saturation of
hemoglobin, the content of bicarbonate
ions, and the standardized base excess.
The machine is capable of automatically
calibrating itself at specifiedintervals and displaying pre- and
post-calibration values. It is also
able to diagnose and display any of 31
specific malfunction error messages.
The standard machine utilizes LED
displays of all data values, as well as
a small self-contained printer for
printing the values onto lab slips. In
most applications the printed lab slips
are the only permanent copy of the
data. At Children's Hospital, our two
on-line machines process a total of
approximately 250 of these tests each
day, seven days a week, representing a
tremendous data load.

Corning has now made available a
dual interface which allows
communication of the M-175 Blocd Gas
Analyzer with a printer and/or a
computer. Its cost is approximately
$1,800. It allows transmission of all
of the above data, as well as machine
status information (with any error
conditions), and provides substantial
error checking and complex software
handshaking options -- all switch
selectable. In addition, the computer
may command the M-175 to perform either
a 1-point or 2-point calibration at any
time. The interface will drive either
an Rs232C interface or 20ma current
loop interface, and has a complete
array of switch selectable hardware
handshaking cptions. Their user
documentation is among the most
complete in my experience, though it
regretably dees not include hardware
decumentation suitable for maintenance
or modification of the interface
electronics. Nonetheless, to a user
and programmer, the documentation is
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gomprehensive. A sample from their 31
page interface manual will be found in
the appendix to this article.

The Corning interface simplyrequires that the ccemputer software be
capable of interpreting ASCII code, and
be able to accept a data transmissionwithin 15 seconds of an ENQuirymessage. The complexity of the
requisite software rests not on its
communication medules, but rather onits methods of storing and manipulatingthe data, providing several types of
printed reports, and allewing maximum
Standby function in the event of
unrecoverable errors. The software mayutilize the character parity and
longitudinal parity checks to request a
retransmission of data, or it may
Simply ignore the error checks and
ACKnowledge all data transmissions.
For further hard copy reliability, the
M-175 printer interface may
simultaneously be enabled to print all
output regardless of the status of the
computer. Using multiple computer I/9
ports allows several M-175 machines to
be monitored simultaneously.

Designing The Monitor
The design of the M-175 computer

monitor was prompted by the requirenentof the State of California that all
laboratory test data, along with
pertinent clinical and administrative
data be continuously logged as a
permanent record. In trials of logging
the required information by hand it was
determined that the necessary logging
time would require between $25,000 and
$40,000 per year in staff time. The
required information numbered 21
separate data for each test performed,
plus the frequent logging of allcalibration data. With these
estimates, it became clear that the
cost of performing the bureaucratic
paperwork by hand far exceeded the cost
of implementing a microcomputer
monitor.

The output required by the state
represented a motivation for providing
other output of greater clinical
relevance. The following output is the
result of merging the necessities with
our imaginations:

1. a continuous log of all test
results, accompanied by other data
required by the state;
2. a periodic patient-orientedprintout of all billing
information relating to the blood
gas tests;
3. a daily patient-oriented
printout of all tests performed;
4. a daily chronologic printout ofall quality control and
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Data packing is a substantial problemcalibration data;
5. an on-demand CRT display of any in microcomputer applications which
stored data indexed by any number earry such a hign data lead. In this

application, long term data storage wasof paraneters.
implemented for research purposes yet
te be deternined. It was assumed thatThe data input to the computer needed

te be limited as much as possible tc Since all the data printed cn the log
non-keyocard input. To facilitate this must pass through the computer, it

would be a crime not te save it in agoal, any recurring patient information machine readable form for laterwhich was required for the state's leg
(such as attending physician, hospital reference or applications. The one
ward, patient file number, etc.) would conerete application which will utilize

all ef this stored data is in thebe entered only once -- usually at the
time of admission or at the time of the Intensive Care Nursery Bedside Patient
patient's first blood gas. This could Monitor which is currently under
then be recalled -from storage for each development by the author at Children's

The time and Hospital in Oakland. The bedsideconsecutive test entry.
date of each test is obtained from the cemputer will fron time to time request
onboard clock-calendar. The sequential the bleed gas data from the bleed gas
test number is generated by the computer, and then process and store

While all ventilator that data on the individual patient'scomputer.
settings must, at present, be entered floppy disk. It is certain, however,
at the keyboard, this data will soon be that with large volumes of correlated
available to the computer directly from bleed gas data, patient ages, and

(The new ventilator settings, all in machinethe patient's ventilator.
Seacrist infant ventilator is an 8980A readable form, significant new
driven device which can be equiped with knowledge will result concerning
an Rs232C serial interface, which will pulmonary managenent.
provide all of the ventilator settings
to the computer on denand.) In order To accomodate the large vclumes of
to minimize the keyboard input, the data on the smallest possible number of
patient's previous ventilator settings floppy disks, all numeric data is

and if there is no stored as ASCII strings. An economyare displayed,
change, only one keystroke is needed. results by bypassing the numeric
Since, for each test entry, the name of precision of the BASIC used in writing
the patient must be indicated, the the program. It should be realized

that most clinically significantcomputer maintains a table of all
active patients, and displays a laboratory values fall in the range
numbered menu in preparation for each between 0.01 and 5000, and can be ASCII
new test. encoded in one to three bytes. Eight

digit precision BCD requires 5 bytesSoftware handshaking was implemented for any number; fourteen digitfor several purposes, First of all, precision requires 8 bytes. Much cfwith two machines operating the descriptive data can be encoded as
simultaneously, it is necessary to one byte per datum (cne byte allows 256
ACKnowledge only one at a time. different possibilities). The price tc
Secondly, since the pericdic printed pay here is that of processing speed,summaries and reports require a which is significantly decreased if the
significant time to print, the software data must always be decoded prior to
had to pell each input device between manipulation, but for this application,each output line, so as not to miss a the processor will be idle mest of thedata transmission (the M-175 waits 15 time anyway.
Seconds for and ENQuiry ACKnowledge),
and so that new tests may be entered Data access was a major consideration
from the keyboard. This second problem in designing the data file structure.results from the fact that the blcod There are several types of data access
gas machines operate at the same demand which are required to provide the24 hours a day, in contrast to the desired output. The menu of patientstypical medical accounting computer displayed prior to initiating a newwhich can perform its lengthy printoutsat the day's end. A third purpose for

test is composed by reading the diskfiles and accumulating all of thethe software handshaking was to avoid current patients. Since this is athe interruption of disk accesses in frequent task, and one for which thethe absence of a hardware interrupt user impatiently waits prior to eachcontroller. (Implementing hardware
interrupts within the confines of a

test, it must be very fast. The
patient directory is an alphebetizedsingle BASIC program seemed to be not semi-dense list, and can be read andworth the considerable effort that the displayed as the closing process of

progranming would require.) On the othereach computer operation.
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hand, detailed clinical data must be
accessed only upen selecting a
particular patient. The directory,since? it is ordered and of known
length, can be rapidly searched using a
modified binary searcn. The correct
entry then contains a link to the
detailed clinical information. Since
the detailed information is not
included in the directory entry itself,
the task of keeping the directory
ordered and semi-dense during the
addition or deletion of patients is a
fairly rapid process.

The actual test data, since it is
written chronclegically rather than by
patient, is centained in an unorderedfile area in which each patient's data
is deubly linked. The top and betton
address of each patient's linked List
of data entries is ecntained in thefirst entry, which is in fact the
clinical information entry. Because
the usual need to access test data is
chronolegical (either forward er
backward), these Linked lists provide
rapid access to any patient's test
data. In addition, the first entry
also contains a link to the last test
which was billed, and a link to the
last test that was included in a
summary printout. Thus, for the
billing access, 2ach patient's record
is searched to find the last test
billed, then all subsequent tests in
that patient's Linked list are billed
and flagged. The slowest access occurs
when the user requests any data for
which there is no dedicated link (for
example, a request for all tests on all
patients occurring between midnight
and eight a.m. for the last two weeks).
In such cases, virtually every File
entry must be searched and compared to
the specified criteria. If, instead,
such a data request includes a
qualifier for which there is a
dedicated link, then the search is
dranatically faster.

With the abeve shortcomings in
mind, it becomes obvious why it is a
good idea to allow more rcon for each
entry than is actually needed.
Initially, 50% of each record was
empty. By the time the major program
testing was complete only 30% of each
record was empty. The increase in
record length was directly a result of
increasing the nunber of dedicated
links so as to make some newly desired
output practical in terms of the file
access time.

Permanent storage is a difficult
preblem. Once the decision has been
made to store the data permanently, the
task of selecting the medium becomes a

major one. In a microcomputer
application which requires continuous
operation, the only candidates are
floppy disks and hard disks. Since our
application did not have a ecst
effective reason for permanent storage,
the current price of hard disks
eliminated them fren consideraticn.
Left with the fleppy disk, it was
decided that the 5 1/4 inch disk drive
was the mest desirable in terms of
mechanical reliability in a continuous
Operation application, since tne drive
moters shut down automaticaly if no
disk access is made for several
seconds. Ideally, the size Limitation
is not an issue with the new dcuble
Sided, dual density drives, but at the
time of this writing they are in
production only by one manufacturer.
with cur data lead, the single sided,
single density drives, when used in a
triple drive system, will allcw the
accumulatien of appreximately two weeks
of data before requiring that the files
be thinned. This turns out te be
fairly reasonable, since our protocolis te duplicate each disk at midnighteach night, and to empty the on line
data files once each week. Although
cur bloed gas machines will zenerate
appreximately 75 disks of data eacn
year, given this format, we plan to cut
this to one quarter that number (about
2 disks per month) when the high
density drives are readily available.

Multi-megabyte fixed disks will surely
play a significant rele in such
permanent storage applications, once
they are available at a price
comparable to floppies. A 27 megabyte
disk, for example, would store four
years of blcod gas data, or in the case
of the computerized patient records
which we are develcping, the complete
records of approximately 609 intensive
care infants (cr ten times that number
of typical nedical office patient
charts). The drawback is that the
entire disk must be duplicated for
back-up purposes.

The choice of a language was somewhat
difficult, that is if we don't groupall BASICs as a single language. Since
the application does not require high
speed real-time processing, there was
no need for assembly language. BASIC
was an cbvious choice because of the
extensive use of ASCII string enccding.
The program was developed using North
Star BASIC (version 6, release 4)
rather than CBASIC primarilly because
CP/M tends to crash if the disks are
shuffled from cne drive to another,
whereas North Star's DOS doesn't care.
In health care applicatons, maximum
attention must be paid to avoiding
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System crashes. Also, CP/M disk computer's decisional authority should
not be permitted.accessing tends to be slow, even though

the remainder of the program's
execution is faster in the compiled
form. Since the slowest portions of A general discussion of

interfacing biomedical electronicthe program involve disk access, the
difference was felt to be significant. equipment to computers has been
Perhaps aS languages such as PASCAL and presented using the Corning M-175 Blood
MUMPS become available for Gas Analyzer and a computer monitor

developed by the author.microcomputer applications, they will
supercede BASIC.

Please Note:
Selection of the hardware was mostly The M-175 Monitor was develceped at

Children's Hospital in Oakland,dictated by the above considerations,
and is available fromplus the constraint of counter space in California,

the blood gas lab. A 2-80 processor Berkeley Medical Data Asseciates, Box
was chosen solely for its speed. Since 5279, Berkeley, California 94705. The
the disk drives would need to be complete listing in North Star BASIC,
located a some distance from the CRT ean be obtained by institutions for
and keyboard, a CRT peripheral terminal $100 and the entire progran on a5 1/4
was placed near the M-175 machines, and inch 10 sector disk with fully
the remainder of the hardware placed in documented listing and user's manual

for $700. Individuals who arean adjacent room. The two blood gas
machines required two additional serial interested in the dynamics of certain
ports, and a fourth is in anticipation portions of the program are invited to

write to the author for a partialof interfacing a software selectable
documented listing at no charge.switching device for direct input from

the Seacrist ventilators. If it is
expected that the computer will need to Acknowledgements

The author wishes to thank Dr.communicate with other computers, then
an additional serial port will be John McQuitty and Dr. Barry Phillips of
needed. The printer can be any 128 Children's Hospital for their
column printer. Dot matrix is assistance in the development of this

North Star Microdisk program. The author also wishes toacceptable.
drives (3) were chosen to be compatible acknowledge the support of Children's
with. tthe North Star BASIC. Hospital Medical Center of NorthernCalifornia in the continuing
Completing The Circle development of new microcemputer

The day is not far off when applications for health care. Special
systems such as the one described here thanks is offered to Mr. Loren Lewis.
will, in addition to accumulating and cheif biomedical electronics technicia
logging data, generate decisions for at Children's Hospital, without whose
the control of ventilators. Sinee the continued and painstaking assistance
Seacrist ventilator includes two needle this project would not have been
valves among its controls, it cannot be possible.
used, as is, in such a feedback lcop.

But the next About The AuthorIt can only provide data.
generation of microprocessor controlled The author is a graduate of thelife support devices will certainly University of Missouri -- St. Louis,
posess the capability for accepting and of the University of Missouridigital control commands. With School cf Medicine -- Columbia. He hassufficient safeguards, such a control undertaken specialty training in
feedback loop could markedly reduce the Pediatrics at the University of
burden to the physician of minor Missouri Medical Center -- Columbia,routine ventilator adjustments, and in Mt. Zion Hospital -- San Francisco, and
a large intensive care nursery such as Children's Hospital -- Oakland. He was
that at Children's Hospital, free the a Fellow in Neonatology at Children's
physicians to make only those decisions Hospital -- Oakland, and continues

there as a Research Associate andwhich fall outside the predefined realm
of the computer. For the majority of practicing pediatrician. He issituations involving ventilators, a President of Berkeley Medical Data
Simple algorithm could reach the proper Associates, Inc., a consulting firmdecision for generating setting specializing in microcomputer
changes, and could flag the physician applications for health care.for any unusual situations. The
challenge of developing such softwarelies not in constructing the command
algorithm itself, but rather in
selecting the Limits beyond which the
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Baud Rate

The M175 allows the termina)/Mi75 interface to operate at
any of the baud rates listed below. These are switch
selectable inside the M175, and are set during installation.

50 134.5 600
75 150 900
110 1200

4.3 Data Formats

4.3.1 Data Transmitted by the 175 to the Computer

Data transmitted by the M175 to an external computer will be

The 2nd, 3rd, and 4th characters will define a messagecharacter count (n)
An n~character message will follow
An ETX will follow the message
A check gharacter (longitudinal parity - even) will follow
the ETX.
The last character will be an E0T

SP
SP
SP
SP
$P
H

0
3
SP
SP
SP

x
x
CR
LF

ETX
There are 7 message types which the M175 can transmit to the NON PATIENT ID MODE

CHAR

Enquiry message

GL

the above message types are shown in Figures 4-4 through 4-10
respectively.

1. This 3 digit character count is a base 10 number, MS digit Characters 4is the first of the three characters.4

The check will be for characters starting at STX and endingat ETX. STX and ETX are included in the calculation. This
check character is calculated by computing the "exclusive
OR function" for the first two characters in the message,exclusive ORing the result with the third character in
the message, exclusive ORing the new result with the fourth
character in the message and so on until the last character
(ETX) is included.

+
4

Figure 4-6
Computer Data Transmission for Sample Data

3rd
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STX4.2.4 1 2
7 OR 1

41
MORN SP sp sP SP SP SP SP

SP sp SP SP SP SP SP
SP SP SPSP SP SP SP SP sp SP SP300 See SP sp sp SP SP SP SP SPNote

2202
SP OR * 0 2 M SP sp
SP OR * 2 SP OR * P SP SP Tse SP OR *]SP OR * SP 1 SP SP SPSP SP OR *|SP sp SP sp

- The first character in each block will be an STX
on block basis Each block will be organized as follows: SP SPSP t SP SP sP SP SP o SP SP

CR cr CR cR CR cR CRAPPEN
DIX

LF LF LF LF LF LF

CHECK
computer These are as follows: arac ers 17810i-pt. calibration data

PATIENT tTD MODE2-pt calibration data
sample data racters = 221status data 101978

N
ovem

ber
3-5

cue messagepatient ID Note : Note: x's indicate any of the following characters:ACK/NAK message 3, 4, 5, 6, 7, 8, 9,. .1, 2,
space.

NOTE 2: With patient ID, the fotlowing characters are inserted here:The character string transmitted to the computer for each of

43

30 characters maximum2.
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MINNESOTA LOOKS AT MICROCOMPUTERS

De. Kenneth E. Brumbaugh
Managec of User Services

Minnesota Educational Computing Consortium
2520 Broadway Drive

Minnesota 55113St. Paul,

INTRODUCTION

microcomputer usecsThe purpose of this paper is to present to
from around the country a view of recent developments in Minnesota
cegarding the potential for microcomputers in educational
computing.

BACKGROUND

The utilization of microcomputers is relatively new, and is
occurcing in a vaciety of fields throughout the entire country.
Interest in microcomputers is high and it is difficult to stay
abreast of an exploding knowledge base. In the education area,
expectations about microcomputecs tend to be ahead of capabilities

A small number ofand the knowledge required to utilize them.
microcomputers have been purchased by schools, colleges, and
universities throughout Minnesota and the rate of acquisition is
increasing. In fact, an exponential increase in the sale of

be in the case ofmiccocomputers can expected, particularly
systems costing less than $1000. The inexpensive systems are well
suited for introductory programming, and small instructional
simulation activities.
Software development and related instcuctional support for the
promotion of classroom computing activities will not keep pace
with the initial movement toward microcomputer usage. In the case

a lack ofof many of the systems use will be impeded because of
hardware/software features. In order to meet the expanding need
for assistance with microcomputer hacdware and software it is
necessary for higher educational institutions, and educational
secvice agencies to broaden their support in these areas.
In December, 1977, the Minnesota Educational Computing Consortium
(MECC) Board of Directors established the Microcomputer Task Force
for the purpose of advising the Executive Director and member

andsystems on matters related to the evaluation utilization of
microcomputers for instructional computing services. The Task
Force was composed of individuals with expertise in various areasof
of its subcommittees.

instcuctional computing who met each month to discuss findings
MECC staff performed the background work

and the cesearch necessary to provide information for the fullTask Force, whose objectives were:
To determine the strengths and weaknesses of microcomputerutilization in various instructional computing modes and
environments.
To prepare a position statement regarding the potentialfor large scale acquisition and utilization of
microcomputers and the appropriate roles and
responsibilities for MECC, member systems, andinstitutions or school districts.
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ANALYSIS OF RESULTS

SUMMARY OF MICROCOMPUTER SOFTWARE

Introduction
The procedure for evaluating microcomputer systems softwarefollowed several steps. First, a minimal system configurationwas defined. As a result vendors supplying a microcomputer forevaluation knew what the minimum requirements for an educatorwould be. Table 1 lists the eight required components of aminimal microcomputer system.

Table 1

DEFINITION OF A MINIMAL SYSTEM

1) A miccoprocessoc
2) I/O Device(s). The system must include akeyboacd and printer and/oc monitor.
3) An ASCII keyboard for input.
4) A permanent file storage device. This can beof any form: disk, hard disk, diskette, etc.
5) A vendor-supplied operating system.
6) The BASIC programming language must be suppor ted
7) At least 12K of usec memory must be available.This excludes memory space required for the

Operating system and the language processor (s).
8) All components, software and hardware must be

documented. This must include instcuctions onthe Operating System, a language manual, and
setup and maintenance instructions for the system.

The Microcomputer Task Force decided to evaluate only
miccocomputer systems marketed and supported by Minnesota vendors,
who were contacted and asked to either supply demonstration
systems for MECC staff to evaluate, or to complete all evaluation
steps themselves and submit the results to MECC staff for
validation.
The vendors listed in Appendix A (see footnote #1) provided the
necessary equipment or information and their products were
included in the study. Table 2 lists the microcomputer systems
which were analyzed, along with some descriptive information.
Several well-know minicomputer and microcomputer manufactures
chose not to cooperate and did not supply either hardware for
analysis or the necessary information; so their products were not
included in this report. In some cases microcomputers which were
supplied to MECC were also loaned to area schools and colleges,
where the equipment and software were tested in classroom teachingsituations. MECC staff comments on the various microcomputers
evaluated are summarizied in Appendix B.

Footnote #1: The Apendices referced to in this paper are not
included in this acticle, but are available from
'the Minnesota Educational Computing Consortium,
2520 Broadway Drive, St. Paul, Mn. 55112 as partof the microcomputer report, which costs $4.00.
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Table 2

MICROCOMPUTER SYSTEMS INCLUDED IN MECC SURVEY

CODE/NAME MEMORY SIZE* PACKAGE PRICE

A ALTAIR ATTACHE 7 2395.00
B ALTAIR 88-1301 25 3830.00
C ALTAIR MULTI-USER 25 6075.00
D ASTRAL 2000 20 6490.00
EB IMSAI VDP-80/1000 16 5770.00
e NCR 7200 4 7000.00
G OLIVETTI P6060 16 7607.00

PET 2001 7 795.00
POLYMORPHICS 8813 5 3840.00

28 3305.00PROCESSOR-TECH SOL
K 16 895.00RADIO SHACK TRS-80
L 1195.00APPLE 2 (INTEGER BASIC)

TEKTRONIK 4051 4800.00
TERAK RT-11 24 6000.00

x Available for use by user

During the early stages of the study, MECC staff classified
educational computing on microcomputers into two areas:

and science-oriented. Theapplications-oriented computer
applications programming classification was defined as the use of
a microcomputer system to meet the classroom needs for cunning
application programs written in the BASIC language. This

BASICclassification also included the ability to write simple
programs for problem solving in elementary and secondary schools.
This mode of use requires the capability to cun programs which are
simulations, etc., and are generally more than 8K in core
cequicements and may go up to 32K. Because these systems will be
making heavy use of the library of programs on the timeshare
system, downloading capability is highly cecommended, if not
essential. This system will also be. used in a programming mode,

In some cases FORTRAN would beprobably using BASIC exclusively.
helpful. BASIC in ROM is highly desirable. An editor would be
desirable to aid in program conversion.

The computer science classification was defined as the use of a
microcomputer system to meet the needs of secondary and post
secondary computer science instruction involving such topics as
advanced programming,
language. This is a

opecating systems, compilers, and assembly
who

interested
system used primarly by those are

in studying the computer system itself. Accessibility
to assembly language is needed, Ability to modify system software
would be desirable. Software flexibility is important. Some high
level language should be available but not needed in ROM. The
system will also be used in a programming mode. Ability to
interface assembly language routines with high level language is
important. An editor would be desirable for program conversion
and general programming.
A list of fifty features which are useful in educational computing
was generated (see Appendix C) and prioritized as essential,
desirable, oc extra items associated with microcomputer use. Each
microcomputer was tested to determine if it had the necessary
equipment and/or software capability specified. Table 3 shows the
resulting scores obtained by each microcomputer included in the
study. Appendix D gives the specific breakdown for each
microcomputer evaluated.
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INTENDED USE MICROCOMPUTER CODE REFERENCE

APPLICATION/PROGRAMMING :
A:B;C: D:E: F FG:8:1:35K:L:M:N:

Table 3
# OF SPECS. AVAILABLE :

NUMBER OF SPECIFICATIONS
AVAILABLE BY CATEGORY
AND INTENDED USE ESSENTIAL (POSSIBLE 29) 28 29 28 20 29 24 29 25 28 26 24 24 28 28

vs. DESIRABLE (POSSIBLE 23) 14 14 12 16 16 11 8 18 16

MICROCOMPUTER SYSTEM EXTRAS (POSSIBLE 8) 3 301 § 2 1 2 4 2 1 2
INCLUDED IN MECC SURVEY

COMPUTER SCIENCE :
# OF SPECS. AVAILABLE :

ESSENTIAL (POSSTHIE 34) 33 33 29 32 28 29 27 31 28 26 26 32

DESTRARIF, (POSSIBLE 16) lo 12 11 10 11 9 14 2 8 8 13 ll
EXTRAS (POSSIBLE 10) § 43 5 2 2 5 5 1 3 3 1 5 4

BASIC Language Features
Since BASIC is both the most often used bylanguage compiler
microcomputers and by MECC timeshare users, specific BASIC
features and performance tests were completed. The statement
"that you only get what you pay for" does not necessarily hold
true in the case of language capabilities on microcomputers. The
cost of obtaining microcomputers with similar selected features
varies by an order of magnitude of nine. This is documented in
Table 4, which shows the BASIC features available by
microcomputer, and Table 5, which summarizes results obtained when
timing selected BASIC routines. The scripts used to obtain the
data in Table 4 and Table 5 are attached to this report as
Appendix E.

SELECTED BASIC FEATURES SCRIPT TEST RESULTS

SCRIPT NAMES

Table 4
B2 B6 - String functions
B3

Sequential file handling
Random access file handling B& - Matrix operations

B4 Chaining B9 - Formatted output
B5 Time function

Script
Feature System : B2 B3 B4 B5 B6 BS B9

P pass ALTAIR ATTACHE P P P P
- = fail ALTAIR 88-1301 P P P P P

ALTAIR MULTIUSER P P
ASTRAL 2000 P P P P
IMSAI VDP-80/1000
NCR 7200 P P P
OLIVETTI P6060 P P P P P P
PET 2000. P P P
POLYMORPHICS 8813 P P P P P P
PROCESSOR TECH P P P P
RADIO SHACK TRS-80 P P
TEAM APPLE 2 P
TEKTRONIK 4051 P P P
JERAK RT-11 P P P P
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Table 5

SELECTED BASIC PERFORMANCE SCRIPT TEST RESULTS

Number of Time req.*Time ceg.* math functions to gen. andto complete sort numberscomputation script available
Script B10

NAME Seript Bl Script B7
11 eALTAIR ATTACHE 15 2.0ALTAIR 88-1301 15 11 2.9ALTAIR MULTIUSER ** 15 11 4.5ASTRAL 2000 75 li

IMSAI VDP-80/1000 18 1.5
NCR 7200 22 il 2.0
OLIVETTI P6060 16 13 2.5

12 11 1.3PET 2001
50 9 2.3POLYMORPHICS 8813
50 2.3PROCESSOR TECH SOL-20

11 2.0RADIO SHACK TRS-80 18
11 1.1TEAM APPLE 2 g
12 4.0TEKTRONIK 4051 26

9 9 2.0TERAK RT-11

* All timings are in minutes.
** The timings depend on the mix of activities on the various
tecminals

SUMMARY OF MICROCOMPUTER SYSTEM HARDWARE ANALYSIS

General Information
The microprocessor, a single-chip Large-Scale Integrated (LST)circuit device is the focus of the microcomputers survey. All
make use of a technology called Metal- Ox ide-Semiconductor (MOS)
wherein the microscopic circuit is processed into the surface of aslice of silicon crystal, which usually is packaged in a 40-pinflat pack. The systems surveyed, with one exception (16-bit),
opecate with 8-bit bytes and 8-bit memory and generally provide 16
address lines permitting direct addressing of up to 65 thousand
(65K) bytes of memory. Usually this means 65K of Read Only Memory
(ROM) and Random Access Memory (RAM) combined. The 16-bit unit
has greater processing capability at the cost of more expensive
memory and other support logic.
All evaluated systems were partially expanded but had additional
expansion potential. Most were equipped with one or two mass
storage devices, either tape or disk, in order to permit capid
change of application.
more

Disk systems load substantially faster andreliably, followed in order by tape cartridges and thencassettes. Cassette systems vary in speed from about 120 down to
30 oc less characters per second. Disk and cartridge systemsprovided recovery of files by name or number, whereas mostcassette systems did not.
Hardware features for communications between microcomputer andtimeshare systems and down-line loading are available on severalsystems but were demonstrated on only a few. This feature isconsidered important for educational uses, General hardwareinformation for each microcomputer evaluated is given in AppendixF.

20

9
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Electrical Considerations
Grounded metallic enclosures provide rigidity and shielding, both

A.C.
of which ace cequirements for reliability. Grounding via a 3-wire

power cocd also protects users from electric shock and helps
to protect the hardware from Static discharges. Approval by
Underwriter Laboratories of the electrical system, not just the
line cord, is also desirable from a liability standpoint. Several
failures of unshielded and/oc evaluation

resulted from
ungrounded systems

probably electrostatic discharges which occur
frequently during Minnesota winters with room humidity below 50.
An effective solution to the grounding and shielding problem which
also immobilizes cables and thus ceduces cable maintenance is to
mount the system modules in a rack-type cabinet. This arcangement
is available from several vendors. The system power supply must
have sufficient added capacity to support any planned future
expansion modules.

Maintenance

Most vendors provide 90 day pacts and labor warranties and ace
willing to provide maintenance contracts for longer periods. Most
vendors have at least one Minnesota service center and a few have
more than one. A few systems are provided with software analysis
packages to help isolate system failures and indicate the
defective module. At a location with several identical systems,
it may be cost effective to stock spare modules and perform
cepairs This procedure is most appropriateby ceplacing modules.
where the system design provides a modular approach.

RECOMMENDATIONS

INTRODUCTION

Minnesota is in the enviable position of having instcuctional
computing capabilities available to public school districts which
serve over 90 % of elementary/secondary/vocational students in the
state, and 100% of all public higher education institutions. The
bulk of the instructional computing service is provided on a large
central timeshare system, which has an extensive tele-
communications network providing equal timeshare secvice to all
usecs throughout the state. Additional service is available on
smallec systems owned by a member system, a regional centec and a

school district. Complementing the access to the computer is a
user services people network which provides instuctional support
related to and use ofsystem use, application programs and

form
programming languages; applications software support in the
of acquisition, development, maintenance, and documentation of
programs; and general support in the form of response to
problems, questions, and requests which arise on a daily basis.

role inIn the near future, microcomputers will play a major
instructional computing in Minnesota. Support services staffs
view microcomputers as an integral, rather than a supplemental
component of instructional computing, and as such, propose to give

users support similar to that currently provided to
microcomputer support ofusers of the timeshare system. When planning for
microcomputers, one must consider the large number of different
systems presently on the market and the celatively small number of

It is a physical impossibility, givensupport services personnel. support for all
present staff sizes, to provide a high level of
microcomputers. Therefore, it is necessary to set priorities and

define the level and type of support microcomputer users can
expect to receive. Appropriate resources, including, hardware,
software, and staff, must be directed toward providing the support
necessary to assure quality use of microcomputers.
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RECOMMENDATION 1:
ACQUISITION OF MICROCOMPUTERS

It is recommended that MECC release an Invitation for Bid,
included as Appendix H, for the acquisition of microcomputer
systems by any non-profit, educational-related organization. The
statewide bid will define for manufacturers and vendors the

used in the educationalspecification of a microcomputer to be
environment. The bid will also serve as a guide to educators
needing assistance in acquiring a system to meet their needs. The
resulting statewide contract for purchase of microcomputers will
also allow MECC members and others to purchase a general purpose
microcomputer system at a reduced cost.

AS a pact of the MECC Microcomputer Study, an Invitation for Bidwas prepared which specifies a complete microcomputer system,including all essential peripherals. Support of one all-purposemicrocomputerstaffs system will enable instructional computing serviceto better serve the needs of users who pur chase systemsunder the state contract. The estimated number of microcomputecspucchased through this contract will vary from 30 to 100 (or more)depending upon the price of the contracted system.

RECOMMENDATION 2: SUPPORT
It is cecommended
Minnesota's

that MECC provide support services toeducational usecs of microcomputers. The issue ofmicrocomputer user support is multidimensional and includes thesource of support, the type of suppoct, and the
microcomputer. type ofSupport can come from three primary sourcess 1)staffs of MECC and member system component organizations. At thistime it appears that TIES and the University of Minnesota a re inaposition to provide support services to microcomputer users; 2)miccocomputec vendors;four 3) users. The types of support fall intogeneral categories: 1) purchase, installation, maintenance,and documentation of the system; 2) training in system operation,use of applications packagesacquisition, and programming languages; 3)conversion, development, maintenance, documentation,and dissemination of applications packages; and 4) response toquestions, problems, and requests.
microcomputer use in education,

For the purpose of Supporting
identified. Highest level two categories of support will be

support for the 1978-79 school yearwill relate to the system which was awarded the statewide contract(see recommendation #1). Lower level support will relate to allother microcomputer systeMS.

A major concecn of those pucchasing microcomputers is theavailability of applications softwaretimesharing users throughout the state have acccesssupport. Because
Timeshare System, to the MECCthe most feasible and economical solut ion is todownload programs from the central timeshare system to themicrocomputers. A subset of the programs inlibrary which are appropriate for miccocomputers will be converted

the MECC system

having these systems will be able toeall the timeshare system and

and stored in an appropriate form for the selected system. Users
have the appropriate program loadedmicrocomputer. electronically on their
procedure ceduces the need to buy, sell,

They can then save copies of programs on disc. This
cassettes or this support

reproduce, and mail tapediscs. MECCtimesharing users and would
will be available for allinclude efforts to facilitatenormal modes of instructional the

how well microcomputers and
computing. A by-topic comparison ofall-purpose timeshare systemscomplement the instructional comput ing modes is presented in Table6.
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TABLE 6

COMPARISON OF COMPUTER SYSTEMS

MODE * REGULAR
OF MICROCOMPUTER TIMESHARE SYSTEM

USAGE (GOOD~PAIR-POOR) (GOOD-FAIR-POOR)

Computec Peogramming G-P
Computer Science G-FP G
Computer Literacy F CG

Computer Assist. Inst. P F
Computer Managed Inst, P - F
Computec Based Inst.

Problem Solving G G
Algorithms G
Simulations( Gaming) G G
Information Retrieval P

*
As specified in Appendix 8

It is interesting to note
microcomputec

that the major weaknesses of
systems cuccently ace in the areas of availabilityof CAI languageS, ability to perform repetitive calculations, and

the storage and movement of large data files. However, the
majority of the instructional computing modes can be accomplished
quite well with microcomputers.
It is recommended that MECC continue to analyze microcomputer
hacdware and software technology and continue to disseminate the
resulting information to

As this the Minnesota educational computing
community. ceport is being written, new advances in
microcomputer hardware and softwate are being released which will
enable educators to do more computing in ways not possible on
existing microcomputers, and at reduced costs. A variety of
microcomputers can do some vecy exciting, innovative instructional
activities, such as recognize human speech and respond with
human-like "sounds", and Plot all types of graphs. At the same
time, some of these same microcomputers have difficulty sorting
numbers. Few. microcomputers have any authoring languagefacilities. The size of programs and numerical arrays are Limited
by the size of the machines.
for everyone.

Microcomputers cannot do everythingTt is absolutely imperative that people
a

interested
in obtaining microcomputer system first analyze the needs for
which they intend to apply a microcomputer. An analysis of
instcuctional computing needs should involve each of the following
areas: intended application, resource management, support,
hardware, and software. A list of questions in each of these
areas is included (see Appendix J) to help a prospective
miccocomputer purchaser to make the correct decisions and obtain
the cight microcomputer system.
Until recently it was difficult to obtain information about
miccocomputers and their educational utilization, but this is no
longer the case. numerous PEL pc

containcommercial, an adequate number of articles on the topic.
Selected conferences either are devoted to microcomputers, or have
strands which focus on them. Shopping centers now sell
microcomputers and related items. While it is becoming easy to
obtain information about microcomputers, the fact remains that
those in need of specific information must look for it. Therefore,
MECC can and should serve as the clearinghouse of microcomputer
information for Minnesota.
REKKKKKKKKKKKEK EEEHREREREIEEEREREREEREEEKKEEKERREKKEREKEEKRERKRKK

On September 21,1978 the MECC Board of Directors authorized MECC

staff to proceed to contract execution with APPLE COMPUTER, INC
for its 32-K disc-based Applesoft microcomputer system. An

estimated 250 units should be sold by APPLE through MECC to
educational users in Minnesota.
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Americans tend to believe that the
Place for instruction and education is in
the schools. That includes computer-assistedinstruction. Think of CAI, and you are
most likely to think of a computer in a school
or university.

Actually, the schools in general have
proved generally unreceptive to the use of
computers. There have beenexceptions, to be
sure -~ schools that have seen and encouraged
the power of the computer to capture the
student's attention and enrich the learn-
ing experience. But the usual emotion found
in elementary and secondary schools on men-
tion of computers in education has been fear -
fear of obsolescence and replacement.

The same fear can be found in the
university environment. It takes a differ-
ent form. Universities and colleges are
expected to experiment with new learning
methods, and CAI systems of great utilityhave been developed primarily in universities.
But the CAI market in universities has been
greatly hindered by just this experimen-tation. The developers of a CAI system are
almost never willing to abandon their brain-
child, even if the alternative is superiorin every dimension.

So far, the biggest successes for com-
puter-assisted instruction as a product have
come in the areas of business and industrial
training. Business firms are not afraid to
buy high-technology systems if they can bejustified by benefits. And business firms
have the money to spend on new, expensive
technological tools like computers. But thesuccess of computer-assisted business
training has had its price. The narrow,specific goals of business training programsrarely allow CAI designers the opportunitiesto build enriching educational systems. Andthe entire business training field is mini-scule compared to the total educational
system in this country.

Up until recently, those markets havebeen the only area where CAI could be sold.
Computers have been thought of as "Business
machines", with card-readers and printers -like mathematical assembly lines, handling"jobs" in sequence. Ten years ago, only
premium-priced and experimental computersystems even had video displays!Well, that was the bad old days. Home
computers, once the exclusive property ofelectronics hobbyists, have exploded ontoretail counters everywhere. Most of these
systems are designed from the ground up forinteractive computing. Card readers andprinters are the expensive peripherals these
days!

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302

CAI IN THE HOME MARKETPLACE

Silas S. Warner
Submitted to the Third West Coast Computer Faire, September 18, 1978

The new emphasis on computers designed to
interact directly with people not only makes
computer education possible. ,but almost dictates
an emphasis on educational applications.

Consider, for instance, the Apple II. Like
most computers designed for the home market, the
Apple II consists of a processor, memory, and
keyboard in a single package. It uses a video
screen for its output (a TV set in the case of
the Apple II) and stores data and programs on
audio cassettes. A BASIC interpreter is built
into the operating system in ROM. Unlike some
home computers, the Apple is also directly
programmable in machine code, using a crude
assembler.

BASIC is an acceptable language for
most small programming applications. But for
most instruction, it is inadequate. Apple
BASIC is woefully inadequate in its ability to
accept and analyze input from the user. Like
most BASICs, it can only accept groups of
numbers, or store the entire line of text givento it as a "string." This is completely useless
when a program must accept more than multiplechoice answers.

A solution to this problem would be to
forget BASIC entirely and to move to a higher
level-language, such as PASCAL. A simplersolution is to provide a language which
corrects the deficiencies of BASIC, while usingBASIC in the areas where it proves strongest.

A simple CAI language is already in exist-
ence, called PILOT. PILOT is not a complete
language, but a means of enhancing a simpler
language (such as BASIC) with a structure of
student input matching and judging. BASIC
supplies variable allocation, computation, and(in the case of the Apple) graphics, while
PILOT controls branching, text presentation
and input analysis.

The PILOT language is a relatively new
development, and therefore not fully standard-ized. The simplest PILOT is called "core
PILOT" and consists of just 8 statement types.One of these types, the c statement, allows
statements to be executed by the "host language",or BASIC. (See Figure 1A.)

The command field of each statement in PILOTcan be followed by a "modifier, which in mostcases determines whether or not the statementwill be executed. The most common modifiersare "Y" and "N", The Y and N flags are variablesreserved for PILOT's use.
When an M command is run, the Y and N flagsare set. If the words to be matched are foundin the input, the y flag is set to 1 and the

N flag to 0. If the match is not made success-fully, the N flag becomes 1 and the y flag 0.After a successful match, then, statementsmodified by an "N" are not executed. After an
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unsuccessful match, statement modified by a
"Y" are skipped. In this way, PILOT can
branch the student depending on the content
of the last input line.

Core PILOT is of course the simplest
"complete" version of PILOT. Currently a
PILOT standards committee is a work on a
slightly larger PILOT to be called "common
PILOT". Common PILOT has several more
statement types (see Figure 1B), including
statements to specify input and output to a
file.

Some features of common PILOT have not
yet been standardized. The standards com-
mittee is still wrestling with a universal
format for the G command - and it's no
wonder, with the many types of graphic
terminals and computersavailable today.
The committee is also trying to decide

on extensions to the M command - special
characters which allow synonymous words
and word choices in the student input.
I might add that the standards committee
is very interested in input from the CAI
community in general, and from PILOT users
in particular.

I first became interested in the
development of a PILOT for the Apple II
almost as soon as I got my machine in
February of this year. The first obstacle
to my implementation was that the Apple
firmearé > was not capable of creating or
modifying source files in any language other
than BASIC. This led me down a long
detour, and eventually to the APPEN-1 text
editor, now published by MUSE. APPILOT
is designed to accept source programs
written by this editor.

APPILOT commands are similar to the
commands found in common PILOT. (See
Figure 1c). There are a few special commands
not found in common PILOT. One of these
is the L command. Since the Apple II dis-
plavs its text on a video screen, position-
inq commands are essential. The L command
has in its tag two expressions, which
determine the vertical and horizontal
positions of the (invisible) text cursor.

The C command and the G command are
APPILOT's two links to BASIC. The tag
fields of these commands are executed as
BASIC statements. This shortcut to imple-
mentation of gra phic commands was decided
upon because the format of the G command
has not been fixed, and because Apple BASIC
already allows a fine range of graphic commnds.

Any BASIC statement can be used as the tag
of a C or G command, but certain BASIC
statements such as GOTOs and GOSUBs are
guaranteed to foul up the system. These
problems cannot be corrected without

A controversial feature of APPILOT
is the I command, which allows the user to
set the Y and N flags from PILOT without
an answer match. Many PILOT developers
I have spoken with feel that this command
is superfluous. But in my estimation, the
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the benefits of easier judging of complex
answers outweigh the disadvantages. Consider
the follwing situation: the student must
type in a number which must be between two
limits and even. In common PILOT, this state-
ment might be handled:

*ANS A: INDEX
T(INDEX>MIN AND INDEXMAX AND INDEX MOD 2=0):

THAT'S RIGHT!
T(INDEX*MIN OR INDEX)MAX OR INDEX MOD 2#0):

NOT A VALID INDEX. TRY AGAIN.
J(INDEX= MIN OR INDEXSMAX OR INDEX MOD 240):

ANS
In order to prevent all this expression

typing and evaluation in APPILOT, an I command
can be used:

*ANS A: INDEX%
I: INDEX?MIN AND INDEXCMAX AND INDEX MOD 2=0
Ty: THAT'S RIGHT!
TN: NOT A VALID INDEX. TRY AGAIN.
JN: ANS

The development of APPILOT as a language
is one step toward the home CAI Market, if
effective and interesting lessons are made
available for it. PILOT is one of the few
languages that already boasts a large and
expanding body of tested courseware. Most of
this courseware is in a version similar to
common PILOT, and much of it has been developed
by medical and heaith sciences schools.
In cooperation with MUSE, I have been pursuing
the rights to translate these lessons into
Apple-II tapes. At the same time, a curriculum
in CAI and PILOT is being developed for people
who wish to create new lessons in APPILOT.

Even with a body of courseware developed
for it, APPIEOT is only an evolutionary
step. One of the advantages of a command-
oriented language like PILOT is that it is in-
finitely expandable to handle the greater
capacities of future machines, simply by adding
new commands. I would like to speculate on
future developments of APPILOT, and describe
what I see as the teaching computer to be
found in the homes of the future. I will not
describe the processor of this machine, but
concentrate on the features most important
in CAI - the peripherals by which the machine
and the user interact. (see figure 2.)

Certainly this future CAI system will have
a screen. Probably it will be capable of mix-
ing computer-produced text and graphics with
video from other sources such as video disk
units. The system will be able to produce
a wide variety of sounds. Certainly it will
be able to synthesize speech, in order to com-
municate with pre-reading-age children. Finally
some type of hardcopy printer will be used
for record keeping, and for producing assign-
ments. The students can't sit at the console
constantly, so the system will need to be able
to generate "homework!

The CAI system will also be able to accept
information from the student in many ways.
For a long time to come, computers will have
typewriter keysets. But as software improve S

modification to the BASIC built into Apple.
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the keyset will become more and more a
vestige used only by technicians. A standard
keyset is just not flexible enough to accept
all the possible varieties of student
responses.

Instead, the primary input to the com-
puter will be through devices whose functions
and the labels attached to them, can be
redefined by the program. There are many
ways to do this. The simplest in theory
and the most difficult in practice, is to
place small display devices on the keycaps
themselves, and to change the labels of the
keyset on command. This approach has been
investigated by peripheral manufacturers,
but I know of no successful product or
application of this idea yet.

The simplest method of redefinable
input is a light pen which designates areas
of the display screen. The light pen is a
photocell which can be placed over any area
of the screen which is lighted. The cell
directs light pulse caused by the passage of
the electron beam through the area covered.

There are many other approaches to this
same problem, including various devices for
registering finger-touches on the screen,
Certainly one or another of these devices will
be a part of the future home CAI system.
There will also probably be a speech recog-
nition device to complement the speech output
for early childhood education. Other, more
exotic inputs will probably be available as
options, including devices simulating real-
world situations such as aircraft.

Ten years ago, such a system could not
have been predicted before 1990. Today, I
believe that everything I have described
will b e implemented on an Apple-based
system in 1980, at a price of about $3,000.
Everything I described either has already
been implemented on the Apple, or is now
being implemented in experimental form.

Without software, though, such a
super-system will be just a collection of
experimenter's hardware. The challenge to
developers is to create useful lesson pack-
ages that enable the computer to really teach.
And that means not just generating pretty
software -- that means creating complete,
integrated and tested curricula. It means
that not just computer expertise, but
educational knowledge is required. And
even the finest and most complete education-
al methods can fail if misapplied - so
educational curricula must be tested.

Software development organizations
capable of all this already exist - in
large universities and corporations. So
far, they and their customers (corporations
and governments) are the only entities that
have been able to afford such complete
development. But that is changing fast.
Consider the economics of the home systemI have just described. It would retail for
$3,000 - less than the cost of an automobile
today. It would require new courseware on
a continuing basis, to keep up with the

educational development of its users. But it
would last far longer than a car: there is no
theoretical reason why a well-built home com-
puter should not last for five years or more.
My trusty computer, running the "Loan Amorti-
zation" program, tells me that the capital
cost of such a system at present-day interest
rates would amount to a monthly payment of
$69.65. Even with $50.00 per month for new
curricula, a CAI system for the home could be
available in the next decade for the price of
a car.

To sum up, by 1980 the hardware and the
financing should exist to make the educational
computer a part of the American home. Only the
software will be needed, and that is where all
of us here are equipped to help.
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A SCHOOL'S NEW STAFF MEMBER

Gerald Hasty
4884 Irene Avenue Las Vegas, Nevada 89110

A modern instructor needs to be means of evaluating their teaching ef-a resourceful and creative person. fectiveness and whether or not the goalTaking a cue from the business world, and objectives are reached and dis-scnool administrators are assuming ac- cerned. Is the teacher-made test ap-countability. Just what are tne ret- propriate? What about test validity?urns from a given expense in educat- Does it really test what it is sup-ion, or what is the value received? posed to? And finally, a computer can
Tné wells of tax monies that formerly be used so that the teacher can tap theflowed freely are beginning to dry up. feelings and thoughts of pupils. What
Tne bond voter is reluctant to approve is intended is called an objective.an issue that may not return a student What is taught is known as the lesson.tnat can meet expecteu criterion goals. But what is measured is the achieved
Unfortunately the meassurement of stu- outcome. The outcome that is demon-
dent performance is imprecise. The strateu over time. But achievement isclassroon instructor that is unwilling what is accomplished in the present.to develop modern skills of evaluation It is the testing of achievement that
does little to help eliminate that im- the broad subject of testing will be
preciseness. Given the expanded goal narrowed down to. What are the eleme-
to justify stuuwent grades anu tne neea nts of a computerized testiny program?to diminisn criticism, the competentinstructor will be found making the As is true of every endeavor,
most of what is available. Another way there must be planning. In the plan-of looxing at it is that good instruct- ning stages are steps. Step one, set
ion is a matter of strategy. down the class objectives. Now that

A computer in the classroom can the targets are identified, a table
make an excellent teacher's assistant. of specifications is the next step.
The reader is well aware of what kinds "How will theThis is where you ask,
of tasks a computer is suited for and student demonstrate mastery of the
thereauer is knowledgeable of many of objectives?" With these two steps
the micro-computer's strenghhs and climbed, the next one is the construcd
weaknesses. but in working a strategy tion of the questions themselves.
for tie classroom, of what tactical Good tests are not made up overnight,
advantage is a computer assistant? but require detailed planning. What
hOperully a little poe-in-the-sky like is beginning to emerge is a data base.
tnis paper will help in critical think- This base consists of potential test
ing on that question. Of all the areas questions keyed to the objectives and
for possible discussion, let us focus the table of specifications. Building
out attention on student testing. a test can then be like going to the

supermarket. The objective is to feed
Evaluation is a process used to your family; the table of specificatian

develop feedback. Testing, the formal is the shopping list and you fill your
judgment, loops back to the instructor, basket with selected test questions.

To handle the data base manually therethe student, the parent and the admin-
istration. Having this data then makes re the card files. But greater vers-
uecision-making less hazardous. The atility can be achieved by setting the

data base into a computer. Tne testinstructor can determine if the instruc-
tional objectives are being met. The builder is now prepared.
student learns how faraway from the Out of the question pool a test

is to be constructed. The easiest waybullseye they are. And the policy-
makers can gauge the effect of their to describe this process is through a

In other words measurement scenario. Imagine sitting down toapolicies.
overcomes subjectivity and monitors CRT display and keyboard. Handy to
learning and diagnoses strengths and you"are your notes outlining the peints

the questions of this test are to coverweaknesses. The greatest benefit of a
micro-computer to the faculty is as a What is on the screen is a possible
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question to use that was found by a
key-sort system. Accompanying the
question is analysis information col-
lected from previous uses of this
question, and information on where it
fits into your lesson plan. You lookit over and decide that the item will
not discriminate well. The next quest-
ion is then callea up. This item shows
a good track recora and you decide to
use it. Off into another file the
question is saved. You decide that just
one question on that objective does not
represent the importance you place on
the objective. The next question is
cued and if accepted placed into thefile. The process is repeated untillall items are covered in sufficient
ddtail. Then the micro-computer is
signaled that you are finished and
satisfied with the new test. The
items are randomized and printed out
to the printer. From the printer youfull the test that has a proper title
and instructions writen in. From the
output the multiple test copies are
made. This has been a description of
a phase of micro-computers and word
processing being used to assist the
teacher. But there is more.

In an advanced stage of devel-
opment of this idea the test could be
scored by an I/O interface to the micro.
Failing that the hand scored test is
reaay for item analysis. It is fromthis critical step, that poor and med-
iocre test-making is separated from
the test-making of an instructor with
access to computing power. From the
information gained at this time, futuretests are mage. At this time, in an
objective fashion, test items can be
justified as being either a good item
or a bad item. The good items are
kept and are used to justify the grades
assigned to the raw scores, whereas
bad items can be dismissed thereby help-ing to improve the amount and qualityof learning. A good measuring instru-
ment has validity, reliability, and ob~jectivity. How would your test measure
up? Without a micro, that could be a
formidable question. One key to anysuccess is consistency. By using a
micro-computer to reduce the workload,yreater consistency can be had for lesslabor and quicker results. The microas an assistant can be called upon tocaeck the consistency of goals and of
student performance. Also consistenceis yained from the use of micro's, byallowing timely reports to be generated.If an activity takes too much time, then
no matter how good it is or how helpful,there is little kikelihood of the pro-cedure being used.
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One well-used statistic from test
are means. The mean is the arithmetic
average jof test scores. It is from
this mid-point that the C (average)
grade is located. Such a straight mat-
hematical problem as averaging is a
snap on the computer. Unfortunately
such a number tells very little inform-
ation. There are fortunately other
tools for interpreting an examination
score. A series of test scores that
are close together tell a different
story than scores that are further
apart. The measurement of that dis-
persion is called standard deviation.
It is with such information that it is
possible to compare a test score by a
student with other test dcores of
their's. Rember that apples and pears
cannot be compared but fruit can be.
In the same vein an evaluation can be
Made among several tests if they are
set to a standardized score.

As was metioned earlier, theris a need for consistency. The con-
sistency of an examination is usually
determined by an item analysis. Again
the computer is capable of taking a
lengthy process and distilling it into
a usable output. Such an output allows
the instructjor to evalutate their
test-making and thus we have comefull circle.

OBJECTIVIES SPECIFICATIONS

TEST LESSON

EVALUATION PLAN

4
STUDENT

INSTRUCT IOW
EVALUATION

+
TESTING TEST PLAN
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The tools of an item analysis are Whi le is

suca procedures as: Kuder-Richardson detailed treatise on student testing;
ficulty, and item discrimination. These challenge of using a micro as a toolprocedures are strictly arithmatic. Can that will allow greater precision inthe reader think of a way to perform a measuring student evaluation. A pro-large amount of calculations flawlessly? cedure has been outlined and discribedA brief view of those tools will for the use of a small computer thatbe shown. The KR21 isa process of assests commonly available to anyone. Tosing the degree of reliability of an ex- any possible critics, it will be notedamination between test items. The stan- that these concepts are already useddard error of measurement attempts to de-on main frames. With the intelligenttermine the degree of agreement between use of testing evaluation it is pos-
Item discrimination and item difficulty far beyond any possible hit or missevaluates each test item for its ability methods that might be found. In a:to differentiat between high scores and world of finite resources and infinitelow scores. The question is answered as demands, today's competent instructorto whether the item id aifficult enough must apply the knowl@déye of modernand it it separates those who'know the evaluation procedures; the goal is

ions.

is not meant to be a
Formula 21, standard error, item dif- it is hoped the reader will find the

sible to raise the quality of teachingan obtained score and the true score.

reater precision in resource allocat-question from those who do not.

RESOURCES:

Instructors and Their Jobs
W. R. Miller & Homer C. Rose
American Technical Society
Chicago, 1975

human Development and Learning
Hugh V. Perkins
Wadsworth Publishing Co., Inc.
Belmont, CA, 1974

Measuring Educational Outcomes
Bruce W. Tuckman
Harcourt Brace Jovanovich, Inc.
New York, 1975
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MICRO COMPUTERS IN THE !IGH SCHOOL - EXPANDING OUR AIINIENCE

Villiam J. Waoner
Mountain View High School
Mountain View, California

Introduction

This talk is a slightly revised which the program at Mountain View High School
version of the one I presented at the Second is directed. Also, although I am by no means
Computer Faire in San Jose in March, 1978. To a computer hobbyist and have only limited
those few here who heard me then, I apologize. knowledge of the micro computer field, I will
To all of you I promise to try to have present my views on the special requirements
something new to say next time. of high school computer facilities, and why we

selected micros.
The title of this talk is meant to he Throughout this talk I will also ask

Computer educators needambiguous, for I will argue that two for your help.
audiences are being expanded: the introduction better ways to find each other and share
of micro computers into the high school will their ideas, plans, successes, and even

failures.allow computer education to be offered to more After my talk in San Jose a very
students; and educators like me represent a useful group of "Computer-Using Educators"
very different set of users of the formerly (the name we have given ourselves) was formed
hobbyist-oriented micro computer. So if you and our fourth meeting will be held in
think my feet are shaking up here, it is January. Anyone interested in being out on
merely because I am playing the role of the our mailing list should write to Don McKell
tip of the iceberg. at Independence H.S. in San Jose.

Computer programs in schools are not
new. What is new is that micro computers open The Students
the possibility of bringing computer education
to many more students within the strictures of Without risking more guesses about
modern school budgets. percent composition, here are five

This broadened market represents a of students, for the purpose of discussion:
real challenge for computer educators. In
every school there exist some students (about A. The computer hotshots. These have heen
1%, 1 think) who will, if you let them, spend discussed above, but I should add that theyall their waking hours at the terminal, making are not necessarily the best students in other
the machine jump through hoops, and occasionally classes, and may even have trouble getting

We canemitting those familiar gales of laughter. computer assignments in on time.
They are great people (they are us, right?). really help them by focusing their energy and
Every teacher needs these kids around - they enthusiasm toward activities which will
keep the adrenalin circulating. We are nroud continue their growth.of their programs and like to take credit fortheir progress. Indeed, we should take some B. The good students in math and science.
credit, but not for teaching them much. Our These are our natural audience, but sometimes
contributions are in suggesting interesting it seems surprising that they do not flock to
new kinds of problems and in getting the the computer. For one thing, they are very
equipment in their hands in the first place. busy with course work, and school courses are

rarely set up to reveal how the computer might
Important as it is to give these be of use. And the tightly packed collegefuture professionals and/or hackers their prep schedule has little room for electives.first boost, our programs should not be

judged or justified according to the progress C. Other good students. This may be theof these superstars. Schools are full of largest group in any school. They also arelots of different people, and it is this other busy with various school activities, but
99% which I intend to discuss here, and to unlike group B, computers are not on theirlist of things to pursue some day.1 Further,

Home address: 127 0 "Connor
Park, CA 94025

St., tlenlo

1
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they often show a remarkable disinterest in
what we like best ~ computer games and
programs which crunch numbers.

D. Kids with lots of interests, but not
Rarticularly good students. Some of these
might be interested in our hardware, but
not so much in how to manipulate it. Othersfind programming to be their first interesting"academic" class. Often their math level is
so low, however, that the number of problemsthat can be suggested is limited.
E. Unmotivated and unsuccessful students.This is another large group. They find their
way into computer classes because their
schedule is not full and because someone,
usually not the student himself, thinks that
something flashy and new may produce a change.It turns out to be true in some instances.

I will mention in passing another
group which has remained an enigma to me -
young women. At my school they make up at
least half of the enrollment in advanced math
classes, but seem impossible to attract to
the computer program. Those in the
programming classes are every bit as good
as the boys, but only one or two out of the
twenty or so students who spend extra time
programming or on games is female. I look
forward to discussing this situation with
persons interested in sex differences in math
and science.

The Importance of Expanding our Audience
I think that we designers of computercurricula have tended to think in terms of

groups A and B only. It is very difficult to
find a programming book that does not assume
knowledge and interest in higher math. Also,
we have been content with the few students
from those groups who did flock around us
because we couldn 't have served many more
with our limited facilities anyway.It is important for us to reach out
to this large majority of students who do not
naturally find their way to the computer room.
It is obvious that computers are actually a
part of their lives whether or not they like
or understand them. However, few
opportunities will exist for them to interact
actively with computers after they leave
school.

Furthermore, these students tend to
be alienated from the computer activities at
school - they think it is for smart people
only, and they think that demented laughter
and secret language means you have to be a
little crazy too. (A colleague at a nearby
school who brought her Algebra I class to the
computer room for a week of introductory BASIC
told me a wonderfully poignant story that
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fits here. As a 10th grade girl sat down at
the terminal for the first time, she looked
around nervously and inquired, "Can anyone see
me in here?")

How can we reach these individuals who
do not automatically think of computers astheir thing? It is a difficult teaching and
strategic problem, but we must continue to
look for ways, for several reasons. First,this could be their last chance in a
relatively non-threatening environment to
have hands on experience with a computer. Once
they leave high school their education and
experiences begin to narrow toward a
vocational or academic or lifestyle choice
which will preclude taking a flyer into an
apparently unrelated field like programming.Their contacts with computers will be passive:
inspiring awe, fear, or anger.

Also,the opportunities that do exist
out there are more restricting. The college
computer classes I know about are not intended
for the liberal arts person, but for the
future professional or technician. Thus we
must think of some of our teaching as partof a general education. And for those students
too busy, nervous, or skeptical to commit
themselves to a full course, we must find waysto bring computers into the classes they do
select.

:

Another reason to teach these students
about computers is that we can offer valuable
experience in problem solving and thinking,
as well as a new vocational direction. This
area matches so many of the goals expressed by
various departments of my school and of the
administration, that I am sure that if the
slate were wiped clean and a new public school
designed, courses about programming and
computers would merit permanent status in the
school.

Computer instruction of some kind
would be a natural part of most students'
coursework: either as a regular course like
Geometry, the first step onto the college
bound math track, or the equivalent of an
elective in English or Social Studies, or a
vocational offering like Woodshop or Auto
Mechanics. I have found that experience with
computers and programming can help teach math
more effectively, can help students problem
solve and organize their thoughts, and of
course can lead to jobs at various levels of
academic preparation. Revolutionary school
reform is not imminent, so it is the
responsibility of us educators to work for
the gradual increase in use of computers in
schools so that these benefits can be made
available to more students and apparent to
more administrators.
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Finally, I think that almost anyone this kind of coordination was a victim of
in high school who is willing can he taught Proposition 13.
programming in BASIC at some level, and we
owe it to them to provide this opportunity
to be in control of the computer for once. The Two Week Course. This has heen the
The problem is pedagogical rather than one of backbone of our program. It has brought
prerequisites. What we need is a set of programming to a large number of students and
assignments for various levels of student it has been effective in building enrollment
ability and interests. It would be glib for Furthermore, itin our programming classes.
me to say that this is an easy task, but I am was a major factor in gaining permanent
busy working on the problem, and helieve it status for the computer program
can be solved satisfactorily. This course is based upon two

premises: (L) A remarkable amount of
programming in BASIC can be taught in two

The Curricular Offerings weeks, and (2) if programming is introduced
as a non-optional part of a course, then

At Mountain View High School we have some of the barriers against participating are
tried to broaden the audience of our computer transcended (for example, none of the regulars
offerings by using six different approaches: are around to make people feel dumb, and most
A two week course in BASIC offered as a unit students tend to try harder when something is
in certain math classes; simulations and eames expected of them, compared to a situation in
which have applications in various subiects which the activity is optional).
offered in the school; easy access to the
computer at designated times for game The two week course was the way
classes in programmine which offer experiences computer programming got its foot into the
at three distinct levels of math ability and door at the school. Using 4 rented teletvpes
interest in programming; a well attended adult timeshared to a HP 2000F at the Santa Clara
education class in BASIC at night; and an County Office of Education, we gave two weeks
introduction to assembly language programming of instruction in BASIC in 9 math classes,for a few students. from Geometry to Calculus, while modified

versions were given to three lower levelFirst let's talk about what we do not classes. I received 40 % released time, and
do. There is no CAI (computer assisted taught most of the classes, with assistanceinstruction) per se because I have not fieured from the regular teacher. This pilotout how to accomplish this in a class project to prove the value of furthersituation with our present facilities, and investment was an exhilaratine experience andawait the software which can provide the a great success. I am confident that the same
organization, record-keeping, and pacing which proportion of students who pass these classesare required in order for CAI to actually came to understand the essentials of the
be a help to a teacher. Also, I await the following statements: INPUT, LET, GOTO, PRINT,teacher who wants to give it a try. Another and IF..THEN, how to work with strings, and
thing we slight is instruction about hardware. how to use the Hewlett-Packard systemThis is simply because I know almost nothing commands.about the wondrous world inside the machine. At the minimum each student wrote andI am a teacher, a programmer, and somewhat of
a mathematician, but I have had a nervous awe

ran 6 programs, some related to their
coursework, one using strings to produce aof electronics ever since my younger brother conversation with the person at the terminal,became a ham operator in the sixth grade and and some of general interest like computing a

began speaking in tongues. I hope that others batting average, or a grade point averape.will know some ways to approach these omissions I must emphasize that this was the minimum.and will suggest more things we could usefully In each class there also appeared advancedpursue. programs such as the one which computes
change in correct coin denomination, primeA final comment on these offerings: a generators, and a number guessing game. Myschool district cannot pet the full benefit of favorite of these was a program in which thecomputers in the curriculum without a real computer guesses the person's secret number.commitment. As long as no one has released Each of the writers of these particulartime to coordinate these activities, to programs had never programmed before, andencourage other teachers to get involved, and accomplished these results within two weeks.to provide in-service training, we will not It is gratifying that as we enter ourbe able to realize the full potential of third year of computer instruction, there arethese offerings. My own proposal to be now three math teachers in the school who havePart-time in the classroom and part doing incorporated the two week course into some of
their classes.
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Educational Games and Simulations.
HANGMAN in French and Spanish (and also in
Tagalog and Ilocano!), LUNAR in Physics, CIVIL
and ELECT in History classes, math drill in
remedial classes, NEWION (getting across the
stream against the wind) in Trieonometry,
demonstrating limits and areas in Calculus.
These are all activities which we have carried
out with classes. We reach a lot of studentsthis way, and a lot of teachers. There are
more things we can do, and improvements we can
make with these. We have not, for example,offered a coordinated unit using, say, the
Huntington teaching materials. If others have,I would appreciate hearing from then.

The problem of interacting with other
teachers and their curricula is an extremelydelicate one. We computer teachers must tred
carefully - our programs and equipment must
be easy to use (or we supply student
assistants), and our offerings should be more
than just time fillers, The entire class
should be able to get involved, an? this
may stretch our imaginations, given our
limited facilities or space.

Also, we must work to convince our
colleagues that we can contribute to their
instruction, because don't forget that theyare probably not from either of the first two
groups described above. I hope that other
teachers trying the same things will get in
touch with me, for this is an area of great
importance to the increased success of our
programs, and one in which successful
strategies are very critical.

Here is one more comment about these
games and simulations. Have you noticed how

answers, a crashed lunar lander, or even
exultation over a conquered wumpus can
certainly be made more interesting as we
make better use of the screen capabilities.
Also, we should consider carefully how
average kids react to screenfuls of text
being thrust upon them. The good old
teletype was more their speed, I think.

Game Playing. The
computer facilities are open various times
during the week for game playing by any
student in the school. There are many games,
most with little educational value. We do
not encourage these games, but they do attract
kids. We try to show them the more
interesting (from a teachers point of view!)
alternatives to FOOTBALL, BLACKJACK, etc, and
there are many on our system. Don't
underestimate these games however! I use a
gambling game to demonstrate adding and
subtracting negatives (kids love it when you
bet -$1000000 and lose), and also to show how
computers are only as smart as the programmer.
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Now that we have changed over
completely to our own computers there is morecontrol over the available games, but gameplaying continues to be an important part ofour program. There is a lot of thinkine and
problem solving required by the rightselection of games, and I think such thingsare a useful addition to a school's extra-curricular offerings. Game playing leads
some kids to inquire about programming, givesothers ideas for original programs, and at the
minimum lets a kid interact with a computerin a non-passive way.

Programming Classes. We offer 2 or 3sections of a one semester course in whichthe primary activity is teaching BASIC. In
the course description I made Algebra
"recommended but not required", which isconsistent with my desire to reach more
students and with by belief that programmingcan be taught to a wider range of peoplethan is usually thought possible. Students
from all of the groups A through E described
above enroll in the class, and it has
become apparent that the course could notfollow a traditional format of lectures and
assignments.

The course now operates on threedifferent levels. Some students just work
on programs which they and I agree would be
productive, and ignore the regular schedule
of assignments. The schedule involves
completing four chapters of our text, but
almost every book or program assignment is
divided into two levels of difficulty.I would be glad to discuss the
course in more detail with anyone interested,
but let me close by highly recommending our
text - Computer Programming in the Basic
Language, by Neal Golden (Harcourt
Brace Jovanovich) - it is cheap and full of
good assignments at almost every level. It
does, however, assume a minimum of AlgebraI, which has caused me to generate a lot of
supplementary problems.

:

so many pro a
associatio

reflect their original
letypes? Responses to correct

Adult Education. A night class in BASIC
using our facilities is being offered each
semester. Right now the format is 6 weekly
meetings of three hours each. I consider
this an important part of our program, with
potential for exciting growth. If youthink about a public school as a community
resource, many uses come to mind for an
accessible public computer facility downtown.
Furthermore, the Adult Education Department
has been very supportive of the progran,
and gladly agreed to support purchase of
one of our computer systems. We are
interested in talking to others about these
possibilities.
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fortunate to have my dismal knowledge in
this area supplemented by the weekly visits
of a volunteer computer scientist from
NASA, who meets weekly with 4 or 5 kids.
This arrangement was made through the
coordinator of the volunteer programs at
the school. I continue to look for more
volunteers to supervise the computer room or
help students in return for having computer
access.

Getting the Program Funded

Of primary importance in the
initial stages of our effort to establish a
computer curriculum at Mountain View High
School was the involvement of several
dedicated parents, including one Board
member. These parents insisted that the
school should have a program comparable to
the other schools in the District, and did
not let the matter rest until it was a
reality. Almost an entire school year was
required to produce a proposal, and another
six months went by before final approval
was given.

In the spring of 1977 we began with
four rented teletypes and offered the two
week course described above. Its success
produced wide spread interest in the
computer throughout the student body, and
led to a decision by the Administration and
Board to make the program permanent. Other
computer programs that I am familiar with
in schools gradually grew over the years
a teletype here, renting or scrounging time
there, with the continual struggle for
marginal improvement each year. [ admire
those individuals with the perseverance and
ingenuity needed to build a program this
way. At Mountain View High School we are
fortunate not to have taken years to
establish an adequate computer facility,
and our success is due in large part to
sustained parent support from the beginning,
and to our ability to involve some 300
students during the first four months
of the project.

Computer Facilities
The rented teletypes were gradually

phased out as we purchased our five micro
computers. The school district committed
$15000 to the computer program at the
school. Although Proposition 13 cut into
this amount, the addition of Adult Eduation
funds made up for some cuts. We have two
Sols from Processor Technology, and two
Horizons from North Star; all four run
North Star disk operating system and RASIC.
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Assembly Language. We have been very

94

(We find it very convenient to have all the
computers compatible.) Each of the units
has 24K of usable memory, which means that
BASIC programs may reach about !0K in size.
We use an Okidata printer which may be
accessed by each of these computers through
a centrally located switch.

We have been very pleased with the
Sol-North Star combination, and with North
Star software. I feel that disk drives are
very much worth the extra expense - the
tedium of loading and saving programs on
cassette can seriously hurt a program like
ours which is trying to reach a lot of
students. An important feature of one of
the Horizons is a dual disk drive, which
allows us to copy all our disks regularly.
This is absolutely necessary in a school
environment, even with constant supervision.

Recently we have added a TRS-80 from
Radio Shack. The disk drive has been delayed,
so this machine has not really entered our
program. I am quite impressed, however, with
Level IL BASIC, with the peripheral devices
they offer, and with the maintenance promise.

We have been extremely fortunate in
obtaining excellent service on our equipment.
Any purchase decision should depend upon
the ability to get convenient service and
help with the countless unpredictable little
things which crop up. I feel very fortunate
for the help and service provided by the
staff of the Byte Shop of Palo Alto and of
the Microdoctors nextdoor. Service for the
year has amounted to about $600, includingfull inspection and cleaning this past
summer, and major repair to the printer.

The primary reason for choosing
micros was cost, for the total purchase
price of the four systemswill be roughly equal to two years of
rental of four time-shared teletypes. I
was attracted to the DEC system which
time~shares four ports, because of DEC's
reputation and all the software which comes
with it. But for their price we could
purchase six of the Sol systems, and DEC's
maintenance is over $2000 per year.

Having become convinced that micro
computers had ceased to be strictly a
hobbyist domain, I made the plunge and have
been delighted. Like the Holiday Inn
commercial, the best surprise is no surprise,and for me the best system is one you don't
have to think about. We load BASIC in the
morning and can continue through the daywith students programming, loading, printing,and saving programs. Often at lunch time,or as a reward for my General Math classes,
however, the flashy Sol games are brought out.

Computers in schools must be veryeasy to use. Students should be able toconcentrate on the programming and ienore
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the machine itself. Teachers should not
need special skills or knowledge if the use
of computers is to spread to more schools
and to more departments within the school.

It is fine if one staff member can
fathom the mysteries of machine laneuage or
hardware, but the overall program should
not depend for its operation on this

Uncommittedindividual or his/her knowledge.
or uneasy teachers will not want to touch a
system which seems inaccessible or arcane.

In addition to satisfying these
unusual requirements for a micro computer,
whose tradition is with the hobbyist, our
micros offer nice extras. For those
students who wish to pursue assembly
language, this is possible. The four
systems are totally portable, and can each be
dispatched to separate classrooms (or to
different homes during vacations!). The
FILL and EXAM commands (PEEK and POKE in some
languages) bring a fascinating extra
dimension to BASIC. And recently students
have discovered how to allow data entry
without the carriage return, and to make the
screen blink ... and so it goes.

Our micros are symbolic of our entire
program. Their cost, versatility, and ease
of operation make it possible to bring
computer education to many individuals who
never would have had the experience, and
yet they still can provide challenge and
excitement for the brightest student. I am

very pleased to have joined the ranks of the
micro computer, and especially pleased to
have been able to join on my terms rather
than theirs. There are a lot of teachers
and students like me out there, and I predict
that next year this place will be too small
to hold them all.
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SOME EXPERIMENTAL SUPPORT FOR EDUCATIONAL COMPUTER GAMES

Muata Weusi-Puryear, president
Edutek Corporation
415 Cambridge, #14
Palo Alto, California 94306
(415) 325-9965

Abstract the player's answer; the umpire presents the
correct answer; if the player's answer wasThis paper is presented as an argument

for the incorporation of games in computeriz-- correct, he gets an opportunity to make a
ed drills and tutorials. It is based on ex- move on a three-by-three Tic-Tac-Toe board;

and if the player's answer was incorrect he
periments conducted at the Lawrence Hall of

would forfeit his turn on the Tic-Tac-ToeScience, University of California at Berkeley.
The experiments sought an answer to the ques- board.
tion: "Can the game elements of a computer-

The object of the game is to gain as{zed tutorial/game motivate student involve-
much score as possible in a limited amountment in the tutorial elements to a degree

high enough to produce significantly greater of time, In the GAMBO game a player can
achievement than the tutorial elements alone receive ten points for correctly answering

The study supports an affirma- the problem, five points for correctly eval-can produce?"
Students, who uating his opponent's answer, and fifteentive response to the question.

had an opportunity to continue their partici- points for getting three marks in a row on

pation in a game if they correctly responded any Tic-Tac-Toe board. A new Tic-Tac- Toe
to randomized exercises, achieved significant- board is presented after either player re-

ceives three marks in a row,ly more than students who did not have the
opportunity to play, even though the game-
playing students did fewer exercises. Two experiments were designed to be

part of one-day-field-trip activities for
Introduction summer school classes of San Francisco Bay

Area school districts. Each field trip
This paper is presented here to pro- started with students arriving at the Law-

vide some experimental support for those of rence Hall of Science by bus from their
( school districts in mid-morning. Approxi-us who are using (or would like to use) com-

We areputerized games to teach mathematics. mately 30 students (depending upon the num-
often confronted with the question: "Ok, I'm ber of terminals available that day ) were
convinced that your games motivate children, randomly selected from among the students in
but wouldn't the children be better off if the 8- to 1i-year-old age range. Those

students not involved in the experiments werethey spent full time doing the mathematics?"
In 1975 I showed (4) under laboratory-like taken to the activity halls where various
conditions 2) that the motivative effect of scientific activities were available for
games can be great enough to more than com- then, The students in the experimental group

were placed in every other seat of a smallpensate for the time lost in playing them.
The following is a summary of that study. auditorium where they received a battery of

tests. These pre-experimental measures were
Procedure intended to measure the students' skill in

the basic arithmetical operations and to
The study used a computerized tutorial/ inventory their attitudes towards arithmetic

game called GAMBO, There are two players in and arithmetic stressful situations (such as
a GAMBO tutorial/game. One player is "the tests), While they were seated they were,
student". The other player, who shall be without their knowledge, randomly divided

The selection wascalled "Jody", is a computer simulated player. into three sub-groups.
The computer program also exhibits a third based upon that day's random assignment of
personality called "Gambo" who is the umpire the auditorium seats. After the pre-experi-
and scorekeeper for the game, The output of mental testing, two of the sub-groups were
the GAMBO tutorial/game looks like a script escorted from the auditorium to computerof a play with three characters -- Gambo, the terminal rooms containing enough terminals
Student, and Jody. Each player in turn is for each member of the group. During the
given an arithmetical problem to solve; after next forty minutes: one group received a
he has committed himself to an answer, his op- computerized tutorial; one group received
ponent is given an opportunity to evaluate the same computerized tutorial interwoven
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with a simulated Tic-Tac-Toe game; and the
group remaining in the auditorium viewed
two films of scientific interest but having
no relevance to the tutorial, The computer-
ized tutorial was the GAMBO system's, Stu-
dents under 10-years-of-age received addi-
tion problems and multiplication problems
were given to the older stwients.

The first two groups then returned to
the auditorium where a post-test was given
to all students on the material covered in
the tutorials, Students then left the audi-
torium and together with the non-experiment-
al group of students had a bag lunch. After
lunch, all students had a couple of hours to
explore the Lawrence Hall of Science. All
Students had an opportunity to play games
on a computer without regard to their pre-
vious groupings. In addition, other scien-
tific activities were available for the stu-
dents -- physics, biology, chemistry, astro-
nomy, and mathematics. The experimental
situation carried no risk to the students --

the entire field trip activity was designed
to give all students a positive experience
with science,

In each experimental situation there
were three groups of participants, The
full-treatment group was exposed to the
GAMBO system as described above. The par-
tial-treatment group was exposed to the same
GAMBO system but they did not see any refer-
ence to a Tic-Tac-Toe game and all score-
-referenced output was surpressed, The no-
-treatment group watched two National Geo-
graghic films.

The partial-treatment group corresponds
to what is commonly called a "control group".
As closely as possible we tried to make the
difference between the full treatment and
partial treatment the presence or absence of
the game elements during the experimental
phase. The full- and partial-treatments
were conducted simultaneously in separate
rooms. Through scheduling we controled for
possible room effects, sex of laboratory
assistants effects, and their possible inter-
actional effects. A teacher from the parti-
cipants' school was present in each experi-
mental room to aid with disciplinary pro-
plens, but they were discouraged from actual
participation in the experiments.

The purpose of the simulated opponent,
Jody, was to provide a human-like opponent
who was equal to the student in ability --
the probability that Jody would give a cor-
rect answer was equal to the proportion of
correct to total answers previously given by
the student. When we were in the checkout

phase of the GAMBO system we ran sessions
with elementary school children similar to
those run later during the experimental phase.
We observed that students did not give the
impression that they were competing with a
super-human machine, On several occasions
the students remarked that "Jody is stupid,"
or "Jody is trying to cheat," or attributing
other human characteristics to Jody. In
addition to the errors Jody made, there was
Jody's child-like method of typing. Whereas
Gambo's presentations were done at maximum
output speed, Jody's presentations were made
at a speed of (at best) 1 character per second,
Hence, it appeared to someone watching Jody's
presentations, that Jody was doing exactly
what the students were doing when they typed
~- that is, searching the keyboard for the
next letter or digit.

The fuction of a no-treatment group is to
statistically smooth out the effects of the
highly motivating field trip atmosphere. By
regressing pre-experimental measures on post-
~test scores, using the no-treatment group, we
are able to obtain formulas for predicting
post-test scores of the two experimental
groups. These predicted scores used as covar-
dants in an analysis of covariance on the
post-test measure provide additional statisti-
cal control. Since the no-treatment group is
a randomly selected sub-group of the experi-
mental participants, and we can safely assume
that they received no training in the concern-
ed algorithm during the experimental period,
their performance on the post-test items can
serve as a statistical basis for measuring the
difficulty of the items,

Summary of Analysis Results

There were 258 students who participated
in the two experiments ~- 84 in the addition"
experiment, and 174 in the "multiplication"
experiment.

The students' attitudes toward arithme-
tic and their levels of debilitating anxiety
did not differ significantly from those of a

taken in 1962.
large national sample of fourth-graders C3)

Students, who had an opportunity to con-
tinue their participation in the game if they
correctly responded to randomized exercises,
achieved significantly more than students who
did not have the opportunity to play -~ even
though the game-playing students did fewer
exercises,
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Conclusions

Games can have a positive pedagogical
value to mathematics instruction. The moti-
vative effect of games can be great enough
to significantly increase students' achieve-
ment levels. In particular, games can signi-
ficantly improve the learning that takes
place during a computerized drill-and-practice
lesson,

Footnotes:

1. Weusi-Puryear, Muata, An Experiment To
Examine The Pedagogical Value Of A Computer
Simulated Game Designed To Correct Errors In
Arithmetical Computations. Ph.D. Dissertation,
Stanford University, 1975. Dissertation
Abstracts International, Volume XXXVI, Number
4, 1975. Xerox University Microfilms, Ann
Arbor, Michigan, Order No. 75-21.906, 157 pgs.

2. Here "laboratory-like conditions" means a
setting and design that closely approximates
the type of experimentation done in the physi-
cal sciences -- where a quantity is systematic-
ally varied and the effects of this manipula-
tion on other dependent variables are measured.

3. The National Longitudinal Study of Mathe-
Matical Abilities
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A VIDEOGAME MICROPROCESSOR IN THE ELEMENTARY SCHOOL

Al Ahimada and Sam Hersh, Aero/Astro Dept., Stanford U., Stanford, CA 94305
Tel: (415) 497-4061 or (415) 497-4925

This is a report on the successful use
of a microprocessor videogame system to help
teach basic number theory and computer princ-
iples to elementary school children. We will
describe the lesson plan and the special hard-
ware and software features of the system which
contributed to the success of the lessons.
The class was a summer school mathematics class
sponsored by the Stanford YWCA for 15 students
from 8 to 12 years old, The lessons were
judged to be a success because of the high
level of enthusiasm and active participation
of the students and the positive report of
the teacher.

Three one hour lessons were spread over
three days, On the first day the class was
given a lesson on binary arithmetic in which
they learned to convert decimal digits to
binary and vice versa. The computers were
not present during this preparatory lesson.
At the start of class on the following day,
two computers were programmed and ready to
play a Pong-like game called Wipe-off and
each student was allowed to play one ball.
A lecture was then given reviewing binary
numbers, describing the logical contents
of the computer memory and explaining how
the display that is seen in the game was
just a map of binary numbers in the machine's
memory. They were then told that once they
learned hexadecimal numbers, they could
create their own display on the screen. The
lecture ended with a presentation of hexa-
decimal numbers and for the rest of the hour
the students played Hex Reflex--a game in
which a binary or decimal number is displayed
and the corresponding hex key must be pressed.
Scoring is based on both speed and accuracy.
The third day's lesson began with the students
playing Hex Reflex. Students who were not
playing were given graph paper and asked to
draw an 8x8 design of black and white squares
and code the design in hex. Most students
drew their own first initial. The students
then keyed their designs into the display
memory. For the rest of the hour one computer
was used by those who wanted to debug or
improve their designs and the other was used
for a spirited Hex Reflex competition.

l Hersh, S. & Ahumada, A,

2 Ciarcia, S.

The computer system used was the RCA
COSMAC Video Interface Processor (1). The
most important features of the VIP for this
application are that it is a cheap, completely
programmable videogame system. Its interpret-ive language CHIP-8 is especially designed
for writing such games and the 20 games that
are provided with the VIP can be used as is
or are easily modified for teaching computer
principles. The mchine leanguage of the
1802 processor is very simple as compared
with 8080 or 6500 type processors, so that
the advanced student or interested teacher
can readily gain complete control of the
processor.

Most of the emphas{® on computers in
education has been on using computers to
teach standard subjects. We feel that learn-
ing about computers is itself important and
that grammar school is not too soon to begin
that instruction. Our plans are to add a
non-contact touch reanner (2) to our system
so that it will be possible to enter inform-
ation into the computer by merely pointing
to various programmable symbols on the display
This will reduce the cognitive requirements
made on the children so that next summer we
can introduce computers at the kindergarten.

References

Psychological tests
with video games. Procedings of the Second
West Coast Computer Faire, 1978.

Let your fingers do the talking.
Byte, 3(8), August 1978.
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DISCOVERY LEARNING IN MATHEMATICS

Ludwig Braun, Jo Ann Comito, Philip Reese,
Robert Wlezien
National Coordinating Center for Curriculum
Development
State University of New York at Stony Brook
Stony Brook, NY 11794
(516) 246-8418

Abstract

Three computer programs specifically de-
signed to enrich the Algebra I and II class-
room experience will be demonstrated and
described. The programs utilize the discovery
approach, self-pacing, and a game format. Theyare intended to stimulate interest in mathema-tics and are designed to be used with a wide
range of students. These programs use the
graphic capabilities of the PET to providestudents with mathematics laboratory-type
experience.

The first program, POINTS, is self-
paced. It allows students to explore the
coordinate plane and teach themselves how to
locate points in the plane. The second pro-
gram, HI-CALC, uses a game format, permittingstudents to manipulate the coefficients of
algebraic expressions while attempting to
maximize the value of the expression.
TICTACPET also uses a game format, wherebyStudents capture boxes on a normal tic-tac-
toe board by solving algebraic equations.Students can choose equations from ten levelsof difficulty, ranging from the simple to the
complex.

THE PET VISITS HUNTINGTON THE RET TEACHES ENGLISH
Abstract Abstract

The Huntington Two simulations (alongwith most of the courseware which exists cur-
There is an uphill fight to implement

rently) were designed to run on computers
usage of computers in English classrooms.

with teletypewriters as I/0 devices. This
English teachers are not convinced that the

constrained the computer can do anything for them. Further-program designers seriously, more, there would be troub] e wresting computerpermitting only rudimentary graphic output time from the mathematics department.and keyboard i nput.

The new personal computers have given
We offer three programs which in informal

program designers much more flexibility and
studies have been well-accepted by English

have significant]y increased the pedagogical
teachers and, more importantly, by their stu-

impact of these p
dents. SPELL is a game format vocabularyrograms. and spelling program. PUNC provides prac-tice in comma usage. HYPHEN instructs stu-Two Huntington Two programs (POP and dents in the pesty problem of syllabication.POLUT) have been modified to take advantageof the PET graphics, and one (CHARGE) has beenmodified to utilize an analog-to-digital con-

CAI may relieve teachers and students of
verter desi some of the tedious, time-consuming, and often
Brook.

gned at our laboratory at Stony ineffectual teaching of language fundamentals.
demonstrated.

These programs are described and
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BOULDER COLORADO'S COMMUNITY COMPUTER

Stephan K. Elliott
Project Coordinator
Community Free School
P.O. Box 1724
Boulder, Colorado 80306
(303) 447-8733

The Community Free School in Boulder, Colorado offers
cheap and free computer services to the community on a
time-sharing S-100 Bus system - and its paying for itself.

About two years ago, the Free School Board of Directors
decided to study the idea of having a computer to help with
the administrative duties of the school, and to be used as
a teaching tool. We talked to too many salesmen, got an
armload of help from Lawrence Hall of Science in Berkeley,fast talked some local businesses and individuals out of
$2,000 in donations:for a downpayment, talked even faster
to the local bank, and presto! in November of 1977, our
Alpha Micro AM-100 system arrived from the local Byte Shop.

A year later, we're barely able to sneak in a few
Minutes for the school's administrative jobs since the
students have taken over.

The Free School is a non-profit, independant school,
offering 2100 courses per year to over 21,000 students.
Last year, over 300 students enrolled an 40 computer based
Classes. The Free School's computer program-also includes
offering the computer as a free service at open houses,
including this-last August a month-long stay at the
Boulder Public Library.

We offer classes for adults in LISP, BASIC, ADVANCED
BASIC, PASCAL, and a survey of computers class called
COMPUTER LIB. Each class costs about $50 and includes
seven - two hour classes and twelve hours of practice
time on the computer. The kid's classes cost $20 and
include a book in addition to the practice time. Together
the tuitions are making the monthly payments to the bank.

The system consists of an Alpha Micro AM-100 CPU, 64k
of ransom access memory, four Persci floppy drives, four
CRT terminals, two hard copy terminals, and an auto-dial,
auto-answer modem.

The AM-100 is a 16-bit processor that fits the S-100
Bus, and is based on the.LSI-11 chip... It timeshares to
the six ports via an operating system that partitions memory
to users. The operating system.allows the use of reentrant
higher level languages which means that BASIC, for instance,
needs only : to be loaded once into memory for several users.
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In fact, the operating system of the Alpha Micro is wherethe system really shines. It features passwords and
individually assignable accounts, friendly error messages,
a disk filing system that's easy on the user, a handy texteditor and formatter, and a BASIC compiler that won't quit.

BASIC programs are loaded in the usual interactive mode,with instant error message feedback, but when programs are
run, they are first compiled, and then run. The BASIC alsoallows CHAINing to other porgrams, calls to assembly
language subroutines, and calls to system level commands
{the real time clock can be accessed from BASIC, for instance).Subroutines in BASIC can be called by name, variables can be
given labels of any length, and the compiled programs runfast. We run all of our CRTs at 1200 baud, and all of theterminals can run jobs with constant printout without theusers even noticing.

Alpha Micro supplies us with regular software updates, andone of the recent acquisitions is PASCAL. We started ourfirst PASCAL class this September and the devotees are
beginning to come out of the.woodwork. There's alreadyenough interest to have an advanced class scheduled for theJanuary term.

The Free School's computer staff and teachers are anenergetic crew of professionals (and a couple of gradstudents from the University of Colorado) who are interestedin providing casual, friendly classes for beginners, andmore serious help for students with projects being developedand debugged. Projects seem to come together easily in thecomputer room, with lots of back seat drivers and over theshoulder debugging.
It seems that a big hurdle for the novice is the act ofsitting down at a keyboard for the first time and actuallytyping in something. The Free School system has been gearedto make that first experience a fun one, and one which willinvite the user to interact and explore. We have a set ofintroductory programs that include games, a demonstration ofhow a BASIC program is written, an easy cross referencingSystem, and several other programs that we hope will lurethe beginner into discovering justabout. what computers are all
We have been accused of luring people into computers.During the month of August, we didn't have any classesscheduled, sO we carried the computer over to the BoulderPublic Library where it was available free to anyone whowanted to use it. We had staff members on hand to getpeople started and to answer questions, and over 350 peoplecame by. Many touched their f irst computer, many werepleasantly surprised,charlatans. and some were convinced that we were
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The thing that is exciting is that people around Boulder
are getting exposed to computers, and are beginning to
think that: 1. computers are just a tool like any other tool,
in that they will work for you once you learn to operate
them, and 2. computers are not just for the giant banks,
corporations, and government agencies, but are now within
reach of many small businesses, schools, libraries, and
even homes. More than once, a new user has commented,
"I've heard about these things, but I didn't think that
they were like this." For the layman, reading about a new
technology in Time magazine is.one thing, but being able to
sit down and really use a computer is a reality that will
change the way that person thinks about the world around
them.

What's next? Well, we're interested in getting a
computing center developed that would be accessable by
people all over town via coin operated terminals in city
recreation centers, schools, libraries, and shopping
centers. A coin in the slot would give you access to
upcoming events, medical information, information about
government agencies, jobs, bartered goods, or people with
interests similar to yours. A public school is investigating
using our computer via the phone line to teach classes to
fifth and sixth graders, and a personal computing network
is underway which will eventually interface to our community
computer to allow members to share programs and an on-line
newsletter.

We're excited about the capabilities of our system now,
but we think that the idea of community computing is just
in its infancy and has an even'more exciting future. We
are interested in sharing our ideas, and hearing what other
communities are doing with computer based systems available
to the public.
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COMPUTER SIMULATION IN THE COLLEGE CLASSROOM:

IMPLEMENTATION AND EVALUATION

Dr. Gene D. Steinhauer
Department of Psychology
California State University
Fresno, CA 93740

The use of computer simulations as a heuristic for studying the relationship between the
device in teaching undergraduate courses in two variables. The data set which is
Research Methods in Psychology appears to be subsequently outputed is unique for each
gaining in popularity. Most individuals who have run of the program. After the data are printedintroduced the technique in the classroom have out the student is given instructions by the
been very cautious in explicating the difficulties computer for preparing a graph and instructionsof doing good evaluative research into the for calling up the appropriate statistical programefficacy of computer simulation as a teaching aid. for analyzing the data. If the student choses a
Many such projects have been elaborate and within subjects design the data show that as
incorporate global goals which do attenuate the conditioned stimulus intensity increases the
feasibility of good evaluative research. The use percentage of trials with a conditioned responseof computer simulation techniques, however, is increases. The output for the between subjectsnot necessarily restricted to the kind of model option does not show any relationship between
building techniques and more global under- conditioned stimulus intensity and percentagestanding of the process of scientific inquiry of trials with a conditioned response. Afterdescribed by Main (5), and Gregory (1). Hartley, the various results are discussed in classFisher, and Hartley (3) have reported that the (where, hopefully, a student will vocalize theuse of specific simulations designed to deal with hypothesis that experimental design interactssuch problems as the strengths and weaknesses with the intensity variable) students return toof within and between subjects designs resulted the computer to run a subroutine of the programin more correct responses on a final examination in which experimental design is a secondquestion which assessed the ability of the students independent variable. This simulation, ofto identify the best design for a research problem course, yields an interaction of design andIhave recently developed and incorporated into conditioned stimulus intensity.our library of computer programs a few simulations
which are intended to illustrate, by example, the A second program simulates a study of theconcept of an interaction of two independent variables relationship between anxiety scores and scoresin determining the value of a dependent variable. on an examination in a research methods course.Since the goals of using these two programs were This simulation also includes an appropriatedirected at imparting understanding of a single opening description, instructions for graphconcept, the opportunity for evaluating the preparation and instructions for calling up aefficacy of the simulations was more obvious and data analysis program. In this case thestraightforward. students are asked to make decisions with regardto sampling on three subject variables - sex,One of the programs simulates a study reported age, and IQ. Students can chose to sampleby Grice and Hunter (2). This program, when first randomly with respect to each, or have sexcalled up, outputs a brief description of the question held constant by chosing only one of twoof whether or not stimulus intensity effects classical categories, age by chosing only one of threeconditioning of the human eye blink response. The
experimental procedure is then described including

Categories, or IQ held constant by chosing onlyone of three categories. Age and sex have nodetails of manipulation of the independent variable effect on the data generating subroutines.and measurement of the dependent variable. The
computer then asks the student if he/she wants to Sampling randomly with respect to IQ yieldsa relationship such that test scores increaseuse a within subjects or between subjects design as anxiety increases. Using low IQ subjects

itd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 104 1978 November 3-5 + Los Angeles, California



yields no relationship between anxiety and test
scores. For high IQ subjects test scores
decrease as anxiety increases, while medium
IQ subjects show a relationship of the same form,
but with a slower rate of acceleration, as the
one obtained when sampling randomly with respect
to IQ. The data generating subroutines, which
give unique data sets for each run, are written
so that a weighted combination of the means for
the three levels of IQ (1 low : 10 medium :

lhigh) yields approximately the same means
that are obtained when sampling randomly with
respect to IQ. Each student brings his/her
output and write up to class for discussion.
During the subsequent discussion the discrepant
results are discovered and outlined on the black-
board for all to see. Hypothesis are then discussed
and students return to the computer to test their
hypotheses. The challenge, of course, is for the
students to unravel and come to understand the
interaction between IQ and anxiety in determining
test scores.

A course in research methods is a requirement
for all of the undergraduate Psychology majors at
SUNY, Oswego (where the following study took place),
and is sequenced after elementary statistics and
before any core courses in the Experimental
Psychology area. There were seven sections of
the Research Methods in Psychology course offered
in the Spring Semester, 1978. Class size was
limited to 24 students due to limited laboratory
facilities. Two faculty members, teaching a total
of three of the sections, volunteered to use the
simulations as instructional aids when covering the
topic of interaction effects. Three faculty members,
teaching four sections of the research methods
course agreed not to use the simulations during the
Spring Semester, 1978. These faculty were assured
that a package of simulations and a manual for their
use would be available for all faculty in the Fall
Semester, 1978. All of the faculty involved normally
covered interaction effects in their course and gave a
final examination question which was designed to
assess the extent to which students understood the

concept of an interaction of variables. For the

present evaluative purpose all sections of the research
methods course had a common final examination
question designed to assess the student's under -

examination problem was the cell means fora2X2

effects for each of the two variables, draw
a graph illustrating the results, and provide
a written interpretation of the results. A
faculty member who was not teaching the
research methods course in the Spring
Semester prepared a scoring key to be used
for purposes of this study. A perfect response
was given seven points. Half of the responses
for each class were scored by one graduate
student and the second half by a second graduate
student. These two assistants did not know
which of the classes the data they scored was
from.

The mean scores for each of the classes
was 3.86, 4.29, and 4.00 for the three classes
using the simulations and 2.25 2 97 4 55
and 2.96 for the four classes not using the
simulations. An analysis of variance
(unweighted means solutions for unequal
sample sizes, Keppel, 4) was conducted with
use of simulations or no use as a between
subjects factor, classes treated as nested
within the between subjects factor and subjects
as nested within levels of the simulations and
classes factors. This analysis showed a main
effect of the use of simulations, F(1,118) =
14.95 (the probability of the difference between
using simulations and not using simulations
being due to chance is less than five in one
hundred) and the differences between the
classes was on the average so small as to be
very likely due to chance alone (F; 6,118;
less than one).

The results of the present study suggest
that the use of the two computer simulations
did help students in giving correct responses
to examination questions concerning factorial
experiments containing interaction effects.
The overall mean score for students using the
computer simulations was 4.05, and the mean
score for students not using the simulations
was 3.18.

We have recently added to our library
simulations which are designed to illustrate
symmetrical and asymmetrical transfer effects
in within subjects designs. In these programs
the student is given a description of a problem
in a clinical research setting and informed
he/she is to serve as a research consultant

standing of interaction. The information given in the

factorial design experiment. Students were required
to identify which cells to compare to test for main in solving the problem. The program recognizes
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key words which are appropriate or inappropriate
in solving the problem. This program allows
the student substantial input into the experimental
design and provides some students with data
showing symmetrical transfer under some
comlitions while other outputs show asymmetrical
transfer under different conditions. The more
subjective feedback we have received from
students has been overwhelmingly positive when
using any of our simulations. The present project
was conducted using a PDP 11/34 system shared
with the mathematics department. The currently
available simulations substantially enhance the
variety and levels of projects which we can conduct
in the laboratory portion of our research methods
course.

All of our simulations have now been adapted
to run on a microprocessor. Our success with
the present project has substantially enhanced
our enthusiasm for the use of computers in many
of our experimental psychology courses. We are
currently planning to assemble an experimental
psychology laboratory with twelve microprocessors
and three terminals for the minicomputer. The
microprocessors will be used to conduct actual
demonstration experiments in human learning
without the timesharing problems inherent in the
minicomputer system. The various simulations
can be run on either the microprocessors or the
minicomputer. Data analysis will take place on
the minicomputer. The point we find particularly
impressive about computer applications in our
situation is that we can expose our students to a
wider variety of psychological phenomena and
methods at a lower cost than purchasing the
traditional equipment used in those demonstrations.
Microprocessors are certainly well within the
budgets limitations of academic institutions and
can probably enhance the quality and effectiveness
of the educational process.

As the sophistication of psychological research
progresses and the budgets for equiping under-
graduate psychology laboratories decline it becomes
increasingly more difficult to expose students to
research areas where interaction effects must be
understood. The present study provides
evidence that the computing tools frequentlyavailable to teachers can be used in ways thatare cost effective and can take up part of the gap

can hardly be expected to function as a complete
substitute for hands on laboratory experiences, sim-
ulations can enhance the variety and sophistication
of topics which students can come to understand
in their studies.
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COMPUTER ASSISTED SELF-EVALUATION AT THE UNIVERSITY OF CALIFORNIA - DAVIS

Eli Cohen and Kathleen M. Fisher
Teaching Resources Center

University of California - Davis

1. Introduction,

This paper describes the implementation of a
system for computer-assisted individualized
testing in large science classes at the
University of California - Davis. The system
is designed to bring the advantages of fre-
quent testing with immediate feedback to class-
es with large enrollments, while using a
minimum of hardware. The programs run in
Pascal on an LSI-11 based microcomputer.

11. Background of Frequent Testing with
Immediate Feedback (FTIF)

The advantages of frequent testing with imme-
diate feedback (FTIF) for school learning
have been demonstrated as early as 1919 in
the Winnetka (I]linois) Plan (1). The con-
cept was refined by B. F. Skinner, and in-
corporated in his programmed learning
schemes (2).

College level instruction has also bene-
fited from the use of FTIF. Such individ-
ualized instructional plans as Postelthwait's
audio autotutorial system, and Keller's
Personalized System of Instruction have been
shown to be effective means of teaching (3,
4).
The University of California - Davis has
demonstrated in an earlier project the feasi-~
bility and benefit of computer assisted FTIF
for largecollege courses (5). Such fre-
quent testing not only helps students to
improve study habits, but also brings the
student and teaching assistant in one-to-
one contact at those times which are most
opportune for learning (i.e., when the stu-
dent has questions concerning the subject
matter).

IJ]. Computer Assisted Test Construction
(CATC)

Programs to manage testing were developed
for university classes with large enroll-
ments. In 1972, only about 20 institutions
constructed tests with the assistance of a

computer (6). In the last six years the
interest has blossomed. The Educational
Testing Service currently sponsors a news-
letter dedicated solely to computer assisted
test construction (CATC Digest) (7). Many
computer programs now exist to generate
tests, score tests, or manage the grading
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of students, although few integrate these
functions.

Until recently, CATC (and grade management)
efforts have been limited by their dependence
on the availability of large computers. A
typical item bank for one course may contain
some 1000 items (including question specifi-
cations) (8). Conservatively, one might
estimate the necessity of 1 Megabyte of memory
to accomodate the data banks for each course
using CATC. Only in the past five years has
the industry matured to a state where a small
machine can physically handle such a large
data base at an acceptable level of perform-
ance and price. Some of the most recent
technological advances which provide such
large capabilities for a microcomputer include
the advent of Winchester disk technology, and
the availability of relatively inexpensive 16
bit CPU's and LS! memory.

IV. Comprehensive Assistance to Undergraduate
Science Education (CAUSE)

Funding by the National Science Foundation of
a CAUSE grant to the University of California -

Davis campus (Professor Kathleen M. Fisher,
Principal Investigator) allows the expansion,
development, and refinement of existing efforts
to automate testing and self-evaluation.

The grant calls for the development and evalu-
ation of a system to generate and score tests,
and to mafntain student records for six
different science courses.

Unlike other computer based learning efforts,
the emphasis here is on economical use of a
small computer. Students receive computer
printed tests as opposed to on-line tests.
They solve their problems at a study table in-
stead of at a terminal. The configuration is
limited to a printer and a console under a

single task environment, instead of multiple
terminals under a time-share environment.

Such a configuration allows a relatively in-
expensive system to serve many students, but
it is limited in that it cannot handle tailor-
ed testing or concealed choice testing (9,10).

7

A typical way in which the system might be used
is described below:

1. The instructor enters test items into the
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item bank with the help of an interactive data
entry program with graphic and text editors. The V. Software Considerations
items are keyed on various parameters, such as
their content, cognitive level, and type of item To borrow a phrase from Hewlett-Packard adver-
(true/false, matching, fact recall, problem-solv- tisements, our software should be modular in
ing). Other parameters such as item difficulty, design, integrated in concept. It must be
discrimination, date of last usage are entered
into the item bank automatically by the programs.

2. The instructor enters the names of students
and relevant information about them, such as

modular to adapt to the varying requirements
of different instructors.

Modularity also will make the system more
transportable (within the University of

biographical and personal information, into the
student information bank.

California system) and exportable (outside
University of California). Further, modular
systems are relatively easier to design and

3. The instructor selects course options, such debug.
as how many times students in his class can re-
peat a test, time lag required between repeat
tests and by what method students are to be
graded.

The software should be integrated in concept.
This means that all the programs should work
together, with no overlap in routines, and no
added expenses due to unnecessary transla-

of a test, including its title, number of items,
and how the items are to be selected. All of the system's programs can be conceived

as sharing four data bases:
5. The student enters the testing room, and,
types on the console his/her name, course name,
and receives a unique individualized test from

4, The instructor selects the specifications tions.

the printer.

1. An item bank, containing all items, item
specifications, and item statistics and
histories.

6. The student marks his/her answer on an
optically readable card, and enters his/her
answers via the reader.

2. A test bank, containing information aboutall existing tests, such as test names, and
test item generation specifications.

7. The student receives feedback from the
printer, including the score and helpful hints
on each problem (s)he got wrong. The student
is encouraged to discuss his/her problems with
the teaching assistant stationed in the testing
room,

3. Course option bank, containing informa-
tion particular to a specific course/instruc-
tor, such as grading options, instructor name
and the limits imposed on students' genera-tion of tests.
4. Student information bank, containing in-
formation relevant for identifying and con-
tacting students and (temporarily) which
items were assigned to each student, and what
his/her responses was for each item.

8. The instructor reviews the progress of the
students, both individually and as a class.
Individuals who are behind, doing poorly, or
overworking can be contacted. For example,the data bank can be queried for the telephone
numbers of those students who are two or more We hope to maintain compatibility with someweeks behind in passing quizzes. other computer-assisted testing projects.

various forms (histograms, clustered, listings). University of California - Irvine (Alfred Bork,
Principal Investigator) and University of Utah
(Richard Brandt, Principal Investigator) (11,
12), and the UCD School of Medicine testing
program (33).

Most influencial in our design considerations
are the CAUSE supported projects at the9. The instructor posts progress reports in

10. Instructor reviews the item statistics to
maintain and improve the quality of the item
bank. For example, the instructor can querythe item bank for the numbers of those items

version of the Pascal language has been selec-
ted for software development. The data struc-
ture capabilities of Pascal equal those of
Cobol. The language is very structured and
modular, more so than Algol. Also Pascal is
nearly machine independent.

ti on.
which have poor item difficulty and discrimina- The University of California - San Diego

Instructors may use the system in various ways.Quizzes, midterms, finals, or homework may be
generated from the item bank. Tests can be ad-
ministered individually or in group settings.
Grading can be normative, criterion-referenced,
practice quizzes.

There are other software considerations formastery or may not be imposed at all, as for
the system. One is the need for graphicscapability and a graphics editor in scienceinstruction particularly, test items often
have accompanying graphs and pictures.
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The system will be constructed to accept numeric 9.
as well as multiple-choice answers.

Wood, R. Response-cont Ingent testing.
The [nput Review of Educational Research. 43 (4),

of numerics on optically readable cards pre-
sents a challenge. We are currently experiment- 10. Concealed Choice testing was developed
ing with a system developed by Professor Douglas
McColm (14).

for Computer Assisted Testing by Stephen
D. Franklin, Office of the Director of

Vi. Computing, University of California -

Hardware Considerations Irvine, CA 92717.

We have selected a stand-along, dedicated VW

microcomputer, with disk memory, graphics
Contact Alfred Bork, Physics Department,

printer, and console.
University of Californta - Irvine, CA

Specifically, it is 92717.
based on the LSI-11 CPU, with 10 megabyte
hard disk and dual floppies, Printronics 300 12 Contact Richard Brandt, Physics Depart-
printer, DecWriter 11 console and Hazeltine ment, University of Utah, Salt Lake City,
Mod console on the development system. Utah, 84112.

Vil. Future Augmentat ions 13 Contact Richard Walters, Department of
Community Health, University of

Eventually we may add interactive capabi1-
An

California - Davis, CA 95616.
ities for certain types of problems.
intermediate arrangement might be established 14 Contact Douglas McColm, Department of
where keyboard rather than card input fs used Physics, University of California - Davis,
for item response entry. CA 95616.
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A COMPREHENSIVE PUPIL PERSONNEL ACCOUNTING SYSTEM UTILIZING MICRO
COMPUTER SYSTEMS

Melvin L. Zeddies, Ph.D.
Research Consultant/Teacher
1854 Pacific Beach Drive
San Diego, CA 92109

ABSTRACT services department is well known.
The advent of low cost, personalizedMost schools are not taking advantage computer systems seems to be theof the capability of the micro computer perfect solution. With that in

system to make the normal school rou- mind a system was designed whichtines more efficient, and humanizing. would provide a wide variety of
Time, accuracy, and overall efficiency
are improved through the use of small services, streamlining and even

En- eliminating many routine clericalcomputerized accounting systems. activities.larging the configuration to several
schools allows the efficiency to be-
come even more noticable and benefi- In developing the particular approac
cial. described in this paper, certainThis paper describes one such considerations were taken intopupil personnel accounting system, account. The school environment aswith suggestions for adaptationentire district. to an a whole was considered, as was the

relationship of the pupil personnel
TEXT services department to the school.

The size, needs and experience of
The broad impact of personal computer

the counseling and guidance staff
were evaluated. The author's pastsystems is finally being realized. experience as part of the ccunselingThe glamour surrounding them is wear- and guidance staff was of realing off and serious applications fortheir use are now being developed in value in assessing the needs of the

almost all areas of human activity. school. These considerations
Shaped the direction of the program,The field of education is one that and would be important in its imple-lends itself to a wide variety of mentation.these micro system applications. To

date, most of these applications have Any real change must be developed incentered around the instructional a non-threatening manner, with thearea; however the areas of counseling,administration, and combinations of change agent becoming part of the
areas could and should also be deriv- "establishment." The use of a
ing a great deal of benefit from the systems approach in the constructionof the design was a necessity for ituse of these systems. proved to be an effective way of
One of the most common complaints dealing with the many factors in-
heard from counselors is "I have too volved.
much paper work to see many of the The system described herekids." The lament is indicative of a
program that is failing in its purpose developed to meet the needs of the
because it is not using the available pupil personnel department onseveral levels and with atechnology. Rather than being bogged of programs. variety
down in paper work the counselor must One of the most useful
be freed to fill his/her essential and yet most basic programs is theone designed to handle the dailypurpose of direct personal, concernedcontact with students. School attendance (see ComputerizedAttendance diagram). The program
The best source of hope to provide the provides teachers, counselors, the
time needed for the counselor to per-form his/her real function may be found tration with a daily absence list;in the use of personal computer systems, weekly, and quarterly absence lists
and their application to the pupil per- are also available for the attendancesonnel program in today's schools. The office, counselors, and supportpersonnel such as the districtneed for some relief from the paperwork demands made on the pupil personnel counselors, as well as the adminis-trators,

attendance office and the adminis-
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A second provides a variety of network can be developed with
information concerning each individual the use of floppy disks that are
student (see list of Reprots Generated). sent to the requesting party.

test scores, and career and vocational mation. Jleaks. A complete treat~
information are also included. Fresent ment of the security aspect isclass schedules, also attendance, fines presented in John Carroll's
as well as library books. This infor- book, COMPUTER SECURITY.
mation is immediately available to the
counselor, thus saving a great deal of
time and effort.

Personal information, records of all Any network compounds the security
classes taken with grades received, problems, and problems of infor-

Within the data base (see Data Base
Configuration diagram) there is a
great deal of available information
about all the students. Thus it is
not only possible to retrieve detailed
information about the specific student,
but it is also possible to gain infor-
mation about specific groups of stu-
dents, such as attendance of 11th
grade males. This information may
be of value to teachers, counselors,
the school psychologist, or the school
administrators.
It is easy to see that the vast amount
of information that by being available
provides enormous savings in time and
effort. It simplifies many tasks anc
reduces by almost 20°: the amount of
aper used by pupil personnel depart-

ments. With the cost of the computer
equipment coming down and the cost of
paper going up, a point will be reach-
ed where it is not only easier but also
cheaper to utilize the computer. That
point in time is now. With the adop-
tion of programs like those described
here alleviation of many of the
difficulties and frustrations experi-
enced in school record keeping are
possible. They free the staff for more

leaving to the computer those retetitive
tasks which can best be performed by
the computer.

Field Contents
4 Student ID (DOB and

enrollment number)
2 School number
3 Address
4 Emergency contact

person
Health record

6 Test records
7 Career information
8 Class schedule

(student locator)
9 9th grade transcript

10 10th grade transcript
11 11th grade transcrirt
12 12th grade transcript
13 Financial record
14 Attendance
15 Special information

(coded)

DATA BASE CONFIGURATION

creative, and meaningful endeavors;

The following diagrams serve to clarify
the functions which these different
programs perform. The actual content
of the programs at different stages
will be determined in part by staff
interaction (see Implementation Sequence
diagram). It is important to allow
for as much flexibility as possible
so that the greatest use may be made
of the system. As the staff becomes
familiar with the computer and is kept
informed they will be more willing to
make suggestions and to experiment with

Reports
Student attendance
Career information
Health (special cases)
Financial
Transcripts
Student locator
Other reports are possible
depending uron the needs
at a marticular time and
rlace

REPORTS GENERATEDadditional applications.
To expand a one school configuration
to a multi-school or district wide
system, one need only form a small
computer network (see Multi-School
Network). A very simple quasi-
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Start

Meet with Trial RunReview with
C&G Staff CaG Staff on Comp

Identify Install Review with
C&G StaffApplicat Equipment

Develop ReviseReview with
ProblemSoftware C&G Staff

Review with Develop Review with
C&G Staff Implement C&G Staff

yes
noChange Imple on

System

Review with
C&G Staff

OK

IMPLEMENTATION SEQUENCE
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Start

no

ReviewC & G Staff yes
Problem of

Meetings Problem

Doesn't work

ProposeReview OK

Changes Test Change

no yes yes Secure more
equipment

no

Incorporate
change

#1 #2

: Implement change?#1
: Additional equipment needed?#2

SYSTEM UP-DATING SEQUENCE
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CARDS

teachers cards to
in attend off

classroom
I/O Comp

Daily Abs
list

Weekly Abs
list

Quarter Abs
list

Administrators Support

Attendance
Office

Counselors

Psych, etc.

Authorized
personnel

COMPUTERIZED ATTENDANCE
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indirectly parents and society as
a whole. For anything which enables
educators to do a hetter job of
educating, helping, and workingwith individual students will
finally be reflected in the wayin which these individuals realizetheir potential and take part in
the larger community around them.

Senior High
System

Junior High
System

SUMMARY Junior High
System

a

Present day tecimnology provides anexcellent opportunity for the in-
corporation of personalized computer
systems into pupil personnel pro-
grams. Many of these programs are
bogged down in clerical bookkeepingactivities, which the computer can
and should do. The use of the
computer for those tasks frees the
counselor and administrator for
more human, personal contact with
students and provides, as well, for
fast, efficient, and accurate
information to aid them in their
work.

Elementary School
System

Elementary School
System

Elementary School
System
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LET'S GET SERIOUS ABOUT COMPUTER GAMES

Bob Christiansen
Quality Software
10051 Odessa Avenue
Sepulveda, CA 91343

Abstract
The author believes that the quality of games available for the

In most cases, not enoughhome computer today is generally poor.
time and thought is being devoted to the development of computer
games. Properly designed, these games can be an excellent form of
home entertainment. More effort is needed to produce enjoyable
games for home computer owners.

A good computer game doesn't blow up, it uses the computer to
Theenhance the game, and it is easy to play, yet challenging.

author discusses the methods by which these attributes can be built
into a computer game.

Let's Get Serious are fun at first, but few are really good
enough to make me want to buy then.

They can be made to have heard people who work full-time inComputers are fun.
do all sorts of dandy things like display the small computer industry complain that
fancy pictures on a TV and print out clever currently available games are generally
remarks. They can even be programmed to of low quality, and that a large percen-
compete against a human opponent in a con- tage of them are just "junk", This may
test of logic. Put a couple of these neat seem to be harsh judgment, but these
tricks together and you have a good computer people apply the same standards to a game
game--right? that they would to a word processor or an

And rightlyOne would think it was as easy as that, accounts receivable program.
based on the large number of game programs SO.
that have been written and are being sold Customers, too, are beginning to
for home computers. The first purchasers demand better games. At first nearly
of personal computers needed something for everyone was fascinated with simple action
their new equipment to do, and they were games--like Pong. But I think that people
quick to recognize the computer's potential are now expecting computer programs to be
for playing games. I recently conducted an more sophisticated. Some people are even

beginning to criticize or belittle the useinformal survey of three small computer
journals to see what types of software are of home computers for game playing. Theyavailable to the home computer owner today. seem to be saying that game playing is
The results indicate that games are by far frivolous. What we need to change these
the most popular type of program. critics' minds are better designed game

programs--good games that people will wantProgram Type Count Pct.
Games 139

to play again and again and again--indeed,
40% games that people will want to pay for!Financial Programs 59 17% The general low quality of games mayPersonal, non-game 53 15% be convincing the potential home computerNon-Financial Business 40 12% buyer that a computer is nothing more than

Operating Systems, Utilities, an expensive toy. To counteract this
32 o%Program Languages thought, one computer system manufacturerText Editors, Word Processors 10 3% proclaims in its ad that its computer canAssemblers 7 2%

Music 4
"do more than just play games." As a game

1% afficionado, this language offends me.Education 1 <1% We shouldn't be downplaying games, we
345 should be upgrading them.

As I see them, the facts are these:It's obvious that there is no problem first, games have long been an excellentwith quantity when it comes to computer form of home and family entertainment;
games, but there does seem to be a problem second, computers can be used to make manywith quality. Yes, most of the games do games even more enjoyable; and third,incorporate a neat trick or two, and they computer games will remain a major use of
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home computers. The third fact will not be
realized, however, unless computer games
are recognized as high quality entertain-
ment. So, LET'S GET SERIOUS ABOUT COMPUTER
GAMES !

Four Attributes of a Good Computer Game

I will present what I think a good
computer game should be like by discussing
what I consider to be the four importantattributes of a computer game. I like to
think of these four attributes in terms of
a baseball diamond,

GOOD COMPUTER GAMES

challenging
to all

The first attribute, that the software
doesn't blow up, is what gets the game tofirst base. Second base is reached if the
computer is used to enhance the game. The
game has made it to third base if it is
easy to play--that is, interacting with the
computer is simple and the rules are not
overly complicated. And the circuit is
complete if the game is challenging to the
seasoned player as well as the beginner.
Games Should Not Blow Up

Those who have done some programming
know what blowing up means. A program that
has a bug (a programming error) in it will
sooner or later cause the computer to do
something you didn't want it to do. This
is blowing up, and it occurs in all types
of computer software. Where games are cone
cerned, blowing up.also can mean that the
computer fails to enforce the rules of the
game. For example, if a chess program
allows a rook to move along a diagonal, and
this occurs in actual play, then the game
has been destroyed. In other words, the
software has blown up.

One would hope that computer soft-
ware being offered for sale would not blow
up. Apparently this is not the case--
especially when it comes to games. Many
for-sale game programs don't even make it
to first base. Speaking at the National
Computer Conference held in June of 1978,
Jef Raskin of Apple Computer related an
incident where he was sent some programs
that were being sold to run on the Apple
Computer. The software company now wanted
to sell the programs through Apple, but
when Jef tried to run them they blew up.

3RD WEST COAST COMPUTER FAIRE

He asked them to bring their own tapes to
him, which they did. As it turned out,even these tapes, supposedly the finished
product, had bugs in them.

The difficult question is, how can
programs be made bug-free? The only answeris careful testing. It is best if the
designer/programmer is not the only one totest the program. If you have a friend who
doesn't program at all, but loves games,
he or she would be an ideal candidate to
to test your software simply by playing
your game over and over again. This typeof testing not only turns up bugs and
eliminates blow-ups, allowing the programto get to first base, but it also tests the
program's ability to reach the other bases
(particularly the ability to get from
second to third, as we will see later).3. Are verW Use the

The Power of the Computere gam

A good computer game must use the
power of the computer--that is, it must
provide something that a non-computer gamecan't provide. Remember that if you take
an existing game and put it on a computer,
you may be eliminating some enjoyable
aspects of the game. Game players like to
handle the pieces, they like to turn over
cards, they like to roll the dice. If the
computer takes these things away from the
player, then it must make amends by adding
something to the game.

There are many ways that the computer
can be used to enhance a game, but before
discussing them I would like to give an
example of a computer game that fails to
make it to second base. The Radio Shack
people, who have a great product in the
TRS-80, currently distribute with their
basic system a couple of games, one of
which is backgammon. I was interested in
this game since I have written a backgammon
game called FASTGAMMON that we are now
selling for several systems, including the
TRS-80. Briefly, Radio Shack's backgammon
game is a two-player game that displays a
crude version of a backgammon board and
keeps track of the men as the players move
them around the board. The only way the
powerful Z-80 processor is used to enhance
the game is to disallow illegal moves.
Other than that, this game simply turns the
TRS-80 into a rather expensive backgammon
board. Based on conversations I have had
with Radio Shack owners, I would guess that
this program, with thousands of copies in
existence, is used very little.

Some ways that the computer's power
can be used for games are:
(1) Interaction
(2) Graphics
(3) Data storage/presentation
(4) Number crunching
(5) The computer is the opponent
(6) Randomness and timing

4. Are
Don't

blow up
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Interaction is probably the most out- what to do next or search through a list
of instructions before he can even getstanding feature of personal computers, and

it can be used to good advantage in compu- started.
If the rules of a game are complica-ter games, especially one-player games.

Star Trek is an example of a game that uses ted, the player should be prompted along
a lot of interaction--the player is re- the way using alphanumeric prompts.
quired to supply inputs frequently and his Prompts should be avoided, however, if
selections have a major effect on what they only state the obvious and give no

really helpful information. An instruc-
happens in the game.

Every computer system on the market tion booklet should be included, of
course, but its function should be merelytoday has some video graphics capability,

and a good game should make use of this to get the player started and for use as a
This sometimes requires a reference or to settle arguments.capability. Another important way in which gamesgreat deal of programming effort, but it

will be appreciated by the player, who is can be made easy to play is to eliminate
unnecessary button pushing as much asused to seeing pictures on a video screen.

An example of an effective use of video possible. If the player is faced with one
of three choices, he should be able tographics is the game of Life, and I have

seen an Othello game on a Compucolor system press 1, 2, or 3 and get an immediate
that made good use of color graphics. response. He should not have to hit

"return" when making a simple menu selec-With just the touch of a button, the
player can call up on a video screen a tion, Also, keys not applicable to the

This is a dis- input the player is about to make shouldgreat deal of information.
tinct advantage of computer games Over be disabled. For example, if he is asked
conventional games. Star Trek is an exam- to select either 1, 2, or 3, and he

ple of a game that stores a lot of data, selects 4 or E, nothing should happen,
and the better versions allow the player not even an error statement, and especially

not an abort.easy access to this data.
When a large number of calculations I have what I consider an excellent

method of testing my programs for blow-upshave to be made, computers are at their
Ibest. For centuries people have been try- and for unnecessary key pressing.

ing to develop a chess-playing machine, but merely sit my one-year-old son down at the
until the arrival of digital computers keyboard and let him bang away at it.
their efforts were largely in vain. I try to design the game so that it

doesn't hang up even when he "plays"! it.The computer also makes a good non-
human opponent. It can be programmed to Timing is also important in making a

game playable. The pace of the gamereact to the player's inputs and use its
own logic to compete against the player. should be neither so fast that the player
This is what I did with FASTGAMMON, what can't keep up with the action nor so slow

that he gets bored waiting for the compu-my partner is doing with his chess game,
VIKTOR, and what others have done with ter. The latter requirement, coupled with

the lethargic nature of BASIC interpreters,Blackjack and many other games.
Finally, randomness and timing can be makes it difficult for some BASIC games to

used to enhance a game. These are not reach third base.
Conventionalunique to computer games. In his book, The Home Computer Revo-

games use dice and spinners to determine lution, Theodor Nelson sums up very nicely
what I have been trying to say here.probabalistic outcomes and clocks for

timing. But computers can handle proba- "In this new era, simplicity and clarity
bility functions much more complicated and ease of use will become important as

never before. . There is a myth thatthan a simple dice throw, and automatic
timing is relatively easy to program into things which are simple and clear are not

A computer football game powerful. This is ridiculous: combininga computer game.
should put these features to good use. simplicity and power is the problem that

now confronts us."
Make the Game Playable

Games Should Be Challenging
A game does not have to be simple, but

playing the game should be. The popular Given that your game is well-designed
game of Monopoly, for instance, has many and makes it to third base, there is still
aspects to it and many rules. Yet most a final question--will people want to play
anyone can sit down and begin playing Mono- it again and again? They will if it con-
poly immediately, learning the rules as he tinues to present them with a challenge.
goes along. This is the way it should be Regardless of the player's ability, he

game, too. Unfortun- must feel he has both a chance to win andwith a good computer
ately, I have loaded in several computer a chance to lose.
games where you type "RUN" and the only I am convinced that the public will
thing that appears on the screen is a begin demanding more sophisticated compu-
question mark. The player has to divine ter games. They will soon discover they
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cannot beat the computer at simple tic-tac-
toe. And finding the Wumpus will not
remain exciting for very long. People are
aware of what a computer can do, and they
expect a computer game to present a chal-
lenge that will entertain them every time
they play it.

There are two popular ways to design a
computer game so that it will be fun for
players of various skills. The first is to
provide some method by which the player(s)can set the desired skill level before the
game begins. Some pong-type games, for
example, allow the player to set the size
of the paddle and/or the speed of the ball.
Chess and checker games often allow the
player to select the depth of the tree
search used by the computer's algorithm.
Another way to minimize differences inskill levels is to introduce chance. Theroll of the dice or the deal of the cardsis sometimes enough of an equalizer, and
handicapping becomes unnecessary.
SomeConc luding Remarks

Now we have seen what it takes to make
a good computer game. How many programs
around today touch all the bases? Those
who are familiar with computer games will
probably agree with my assessment that very
few currently available games possess all
of the four attributes discussed here.
However, there is good reason to expectthis situation to change.

An improvement in the quality of com-
puter games is inevitable. The poorly de-
signed games that are now on the market
will be discarded and forgotten, replaced
by well-designed, entertaining games. And
the sooner this happens, the better it will
be for everyone concerned. Getting: serious
about computer games will not only bring
more enjoyment to the computer owner, itwill make the computer a more respectable
household item. Computer games will no
longer be considered frivolous, and the
image of the home computer as a toy will
fade.
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SOLVING SOMA & POLYOMINOES PUZZLES BY COMPUTER

David M. Collison, M.A. 2215 W. Broadway, #F226
Anaheim, Ca. 92804. Tel: (714) 956 -2581

The usual way to solve dissec- awkward piece should be first and the
tion puzzles is by staring at them most restricted cube in the figure.
or shuffling the pieces until the It is easier for the user to determine
solution appears. This is a highly them than the program.
intuitive approach. By contrast, a The tricky part of the search is
computer tries every case in a sys- the backtracking. Usually the progran
tematic way. This sort of program is will have some pieces left over which
ideal for a personal computer. It cannot fit into the remaining space,
requires little input/output or stor- It has to remove the last piece and

age for data - although the code try the next position. It is fatally
tends to be bulky -- and a great deal easy to forget to reset a marker and
of computation. The hobbyist can I spent most time debugging in this
leave the machine running for days on area.
end, which is usually impossible at One way to simplify the back-
a college or university. tracking is to have a series of nested

The Soma puzzle (1) has seven This is
pieces which form a cube of side loops, one for each piece.fine for a fixed number of pieces, but
three, while thirteen Polyominoes Ido not know of any compilers which
(2) form a square of side eight. can generate a variable number of loops
Both use the unit square or cube as Setting the number to the marimm
the smallest unit of measurement anticpated may exceed the limit for
important for programming as dissec- the compiler -= typically this is 8
tion puzzles are usually irrational. or 16,
(3). These particular puzzles have Another way is to have a stack
considerable depth and have not been and put all the data for the current
exhausted yet. To avoid obsolesc~ piece on the stack _ certain comput-
ence, the program accepts input=
specified pieces and figures of sev-

ers can handle this efficiently.
eral colors in two or three dimen~ Languages which permit recursion, such

sions.
as ALGOL, do this automatically. The
tradeoff is speed -- they are usually

The input phase reads in the slow. The alternative is to write
XYZ coordinates of the cubes forming the stacking mechaniam in assembly
the figure and the pieces. A previous Language,
run finds all the positions of a
piece by rotating it in three dimen- Test Data is Important
8ions, up to 24 for a piece with no
symmetry, and stores them in a table. Neither way suited the facilities
Users with small computers can save available, so the test data became
space by generating each position as important. One useful figure is the
needed, but the runs will be longer.
Each position, which consists of a

Chocolate Box, shown on the next page.
set of coordinates, is sorted in It uses two differently-colored sets

ascending order and there are some
of Soma pieces and is a 3x2x9 block

error checks.
with a diagonal ribbon of the other
color across top and bottom hence

The Search Phase
the name. It has a unique solution.
This is easy to prove. It may well be
the only interesting figure with a

We are now ready for the search, unique solution and it maken a good
The program tries the first avail~ test cage,
able piece in the first vacant cube Most figures either have no sol-
of the figure and continues until no ution or a. large number. Another
more pieces will fit. The user can
shorten the search time considerably

test case, shown on the following page

by specifying the ordering of the
is the 3x20 rectangle for Polyominoes,

pieces and the cubes. The most
This is taken from (2) and has eightsolutions including reflections and
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THE SOMA PUZZLE. SEVEN PIECES FoRN A CUBE OF SIDE 3

TOP a BOTTOM

THE CHOCOLATE Box TEST CASES &
TYPEFACE T (IMPOSSIBLE) T.BAR (POSSIBLE)

TWO SOMA PROBLEMS
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Solution to 3x20
The twelve pieces are numbered 1-9. A-C
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Solution to Chocolate Box. Soma Cubes
eces are numbered 1-7. colors are

and B are vertical by length

1 i
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& computer,
Extension to Tangrams

the triangles and this was less succ-Impossible Figures essful.
The program does solve Tangram

work beforehand,
Your Own Program

figures which can be constructed if

FORTRAN on an IBM 370/155, the computer to cut the space requirements. Sincetook 8} minutes to check the alternat- many languages have large input/output

it is on the next page.
One way to cut the search timeis to reduce the number of positionsfor a given piece. The figure must be coordinate data -- besides core, itsymmetric for this. The cube has over gaves two conditional statements ina million solutions. Allowing one

position for the I-shaped piece, the
only one without symmetry, cute the
number to about 50,000.

Another technique is checker~
boarding, coloring alternate squaresor cubes black and white like a check= help much.

impossible at once. It is tricky for obvious advantages. The FORTRAN link-
computer program -- I did not use it. ages are inconvenient and it is tedious

for people who find the average puzzle find this attractive -- I would prefertoo easy. Take two sets of pieces and to buy more memory.two impossible figures. xchange a

erboard. This is a useful hand method I never seriously considered
and wil sometimes prove a figure assembly language in spite of the

to debug core dumps. The home user may
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Solution to T Bar, Soma Cubes
Pieces are numbered 1-7. sections
are vertical by length
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THE RIBICOFF BILL

John S. James, Cetus Corporation, 600 Bancroft Way, Berkeley, Ca. 94710.The views expressed are the author's and do not necessarily reflectthose of Cetus Corporation.

Abstract:
The Ribicoff Bill, now in the U. S. Senate, provides up to 15 yearsimprisonment for any use "without authorization" of any computer,

commerce.
network, or software operated by any organizationIt includes non- affecting interstateprofit personal projects by employees, suchas unsponsored research or education, club mailing lists, or gameplaying.

and s
The author draws on his 14 years professional computer programmerystems analyst experience to discuss the impact of such a law onindus try working conditions and the development of professional skills.

Computer people are usually not such computer, or any program or datapolitical, which may be just as well. contained in it, shall be punished byBut today Federal decisions are being a fine of up to fifty thousand doliarsmade which could utterly change the and/or by up to fifteen years imprison-working atmosphere of one of the ment. "Authorization" is not defined,nation's most successful industries. We so "without authorization" is the onlyhave had no input into these decisions, definition for this section (1028-b)because we have not known about them. of what is or is not criminal. However"access" is defined, asThe prime example is $1766, the "to approach, instruct, commun-Ribicoff Bill against computer crime, icate with, store data 'in,co-sponsored by Senators Ribicoff, retrieve data from, or otherwiseDominici, Griffin, Heinz, Jackson, make use of any resources of, a
Kennedy, Metcalf, Percy, and Thurmond.
Although the current draft has existed computer, computer system, or

computer network.
unchanged for over a year, very few in
the computer industry, even among lead- The Ribicoff Bill is short anders of professional organizations, have written in non-legal language, so youhad any idea of what it contains. don't need to be a lawyer to understand
Perhaps we assumed that a computer crime it. But you may need to read it threebill wouldn't affect us if we didn't times, as I needed to, because it iscommit crimes. full of language about financial fraud

and white-collar crime, making the bill
The Ribicoff Bill would apply to appear to be targeted against obvious

any computer owned or operated by "any criminality. But those sections are
entity operating in or affecting inter- not the important ones, because theystate commerce", or connected in any way are already well covered by existingto such a computer by a network. Essen- law.tially it would cover all except person-al computers operated stand-alone. Some of the consequences of this
Calculators are also covered, and tech- are more serious than the unlikelynically the bill's definition of (but possible) case of a computer user
"computer, computer system, and computer prosecuted for playing Adventure on an
network" is phrased broadly enough to employer's computer time without
cover the telephone, whether used in advance permission. For the industry
conjunction with data processing or depends more than generally realized
otherwise. upon some flexibility of the informal

work rules which develop in actual
One section of the bill states that experience, and often embody more wisdo

anyone who "intentionally and without than the official rules of legislationauthorization" accesses or alters any or management. There are large gray
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decision.areas of action not officially permit-
ted (which sometimes could not or
should not be), and yet are not crim- {C) Unsponsored Research
inal either, short of gross excess. Industrial science has a tradition
Some would consider this ambiguity a
problem to be eliminated by more formal of the unauthorized back-door project,
procedures. We should look carefully usually a personal passion carried on

with a wink from the first level offirst. management. Sometimes this is the only
A few examples raise questions flexibility that exists in either Fed-

about how the Ribicoff Bill might be eral or industrial science, as it is
hard for institutions to authorizeinterpreted. Keep in mind that the

public has little understanding of projects outside their predetermined
computers, some hostility, and recently aims.
an image of the clever computer crim-
inal. We cannot be sure what may or In one case I know personally, a

May not come out of a court. technician started work for a large
computer manufacturer, and made a

(A) Software Modification series of improvements conservatively
estimated to have saved the company

Would the law cover contract vio- more than a million dollars. After-
lations in use of software, elevating wards he received the company's
civil matters to major felonies? It highest honor, and went back to school
apparently would cover unlicensed use and returned as an engineer. But his
of software, but what about minor early successes were made while the
violations of terms? If an installation boss was away, and sometimes by coming
purchased a license only for object in at night to complete a project after
code, and then used a disassembler or he had been told not to.
other means to modify the software for
in-house use, without paying the extra When he returned as an engineer,
fee for source code, would this be a the workplace was so much more rigid
violation ("alter eee without author- than it had been, that despite his new
ization")? degree he could not find a creative

working environment. He left the
Software developers could be company and the field. This case

affected because sometimes the line For us itillustrates several things.
between copyright infringement and fair suggests that a sharp, clear division
use can only be determined by litig- between authorized and not would
ation, with no way to be sure in threaten the little tlexibility which
advance. If the penalty for being wrong most research workers (other than
becomes a felony conviction instead of superstars) now have. Computers, of
a civil damage judgment, would product course, are becoming involved in most

scientific research. No one know thedevelopment be unduly slowed by excess
caution? Nor is asking permission the cumulative impact of the loss of the
answer, for publishers do not ask per- many little projects that would never
mission for what they determine is fair have the chance for the start needed
use, or rights they otherwise would to prove themselves.
have had could be lost. An additional
complication in software and especially (D) Personal Use by Employees
in firmware is that sometimes there is
only one correct way to write a short Some computer crimes should perhaps
code sequence. be less than felonies. A programmer

who used his employer's computer to
(B) Research Grants handicap the horse races, without paying

for the service, is considered a com-
If a scientist receives a Federal puter criminal. Ironically a collegue

or other research grant or contract, who did the same work on his own time
and during the study finds another but threw the results away without
approach which seems more promising, using them might be commended for init~-
and uses some of the funded computer iative in professional development.
time to try it, without permission for Probably nothing improves programming
changing research strategy, could this skill more than a project which turns
be a felony under the bill? (The one on.
Ribicoff Bill has no gradation of pen-alties for the size or character of the Using company computer time for
offense.) Often it isn't feasible to personal projects is a more complicated
ask permission, because of the diffi- issue than it might seem. Seldom is
culty of getting the funding agency there a clear line between professional
to evaluate the request and produce any development and personal use. The
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Ribicoff Bill makes no provision forsize of the offense, and would covereven the listing of office wall decor-ations as felonies. Probably most com-puter users have done things whichwould be felonies under this bill, and
probably they, their employers, and theindustry are substantially better offfor their having done so. In our fieldthere is no end to the learning curve,and it would be odd if minor abuses of
or no training value) could be handled
informally, whereas personal use of thesame monitary value in computer timewithout permission would constitute a
felony. If it is not considered crim-inal to use a typewriter at work for
personal purposes, and abuses are wellcontrolled through normal work discip-line, why should use of a text editor be
a Federal offense? Text editor time is
more valuable than typewriter time, butnot by much, and increasingly by less.
Eventually typewriters may disappearfrom offices, and only text editors
would be left.

It would be unfortunate if an
employee who developed software on his
employer's computer, then quit, leavingthe software behind, and re-wrote it onhis own computer and sold it, would beconsidered enterprising, whereas another
employee who did the same thing, onlydidn't quit, would be criminal.

A complicating factor is that
usually an employee cannot possibly paythe employer for computer time, because
the installation has no arrangements forretail sale. Why force an employee to
go outside and use a different computer
system, when using the employer's would
have training value benefitting every-one?

(E) Who Can Authorize?
Asking permission before starting

a personal project may not be the
answer, for who but the owner, who
usually isn't present and sometimes
doesn't exist, is clearly qualified to
give it? If a supervisor could give
legal permission, then we have the
anomalous situation of the supervisor
being able to authorize action which he
himself could not take, without (recur-
ive) permission from his supervisor.
takes a personal risk in giving permis-
gion, the risk of being considered a
collaborator in crime.
(F) Software Distribution byProfessional Associations

The same problem could inhibit

3RD WEST COAST COMPUTER FAIRE

@.g. a copying machine (which has little

In practice this means that a supervisor

127

distribution of software in profes-sional organizations like DECUS orSHARE. Exactly who can authorizethe giving away of valuable programsdeveloped with the employer's resour-ces? An organization could formallydesignate officials to do so, but inpractice how many will get around to
able that Congress would intend toinhibit such professional exchange,how many managers would feel competentto predict what might come out of acourt of laymen unfamiliar with the
computer industry, and with little or
no precedent to guide them? When thereis a personal risk, haw many managerswould play it safe by saying no?

While it seems inconceiv-it?

Large organizations don't like togive blanket official permissions,and staying tooled up to make special-ized case-by-case decisions is costly.The best way to handle this kind of
thing is what's done in actual practice:within a broad range, nobody cares so
long as no problems develop, and therare abuses can be handled on a "man-
agement by exception" basis. Underthe Ribicoff Bill, the fifteen-yearpenalty for being wrong would interferewith this flexibility.
(G) Computer Conferences and

Scholarly Communication

What happens if a scientist wantsto introduce somebody to his collegueson a computer conference, but the new
person does not have the status orcredentials necessary to qualify for
using the conference? This kind of
question will become increasingly
important.

KKKKKKKKK

These examples are just the
beginning. There could be dozens of
others, such as ambiguous ""authoriza-
tion" being re-defined after the fact
when higher-ups are desperate to cover
for their own misjudgments. Other
problems go beyond the computer field,
such as whether the Ribicoff Bill could
be used as an official secrets act, to
allow any information to be kept from
the public by being computerized.
E.g. could a reporter be prosecuted for
asking a source for "unauthorized"
information known to be computerized
("directly or indirectly, access").
Another problem is that as computers
become involved in almost everything,
the FBI would have its pick of ordin-
ary (non-computer) criminal cases
normally handled by state or local
authorities, increasing the Federal
police role at the expense of the
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local.
Industry had better raise ques-

tions. For there is talk in the Senate
of amending the bill to include having
knowledge of an offense and not report-
ing it.

The Ribicoff Bill is intended to
scare people, yet it is hard to under-
stand why anyone would want to inject
a large dose of fear into the computer
industry. In a time of relative decline
of U. S. industrial strength, computers
has been a shining success. In a time
of inflation, computer prices continue

And it's hard totheir drastic drop.
see where computer crime has been so
great a problem or threat. Typically
computer people are dedicated to their
work, and probably less likely than the
general public to engage in crime.

The statistics we have back this
Computer-abuse expert Donn B.up. in recent Senate tes-Parker of SRI,

timony on the Ribicoff Bill (testimony
based on his book Crime By Computer),
estimated that in the year 1975, there
was one known case of computer crime
for each two thousand computers world-
wide. The most common route of crime
was manual changes to data before it
reached the computer; program changes
or other acts internal to the computer
ranked sixth in frequency. Contrary
to the newspaper images, few of the
computer crimes were technically
sophisticated. Parker also quoted
1974 U. S. Chamber of Commerce estimates
of the total dollar loss from all
computer crimes being one four hundred-
ths of the total loss from all white-
collar crime.

These figures should be reviewed
before legislators make it a felony to
engage in unsponsored research or
professional information exchange with-
out cumbersome permissions. Changing
the workplace toward rigidity and fear
is more than a matter of crime control.
It has inestimable consequences for the
future health of the industry.

The crucial work now is to inform
the computer industry of the RibicoffBill and other policymaking that we
should know about, so that we can have
intelligent input. That is why this
panel was organized.
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MY EXPERIENCE ON CAPITOL HILL

By John Draper (c/o Ron Barkin, P.O Box 4399, Berkeley, Ca. 94704)

Early this year, I was invited to
Washington to speak to my Congressmanabout a potential threat to the privacyof every American using the telephone.This threat involves a highly computer-ized telephone system now being instal-
led, and how it is used or could be used
to invade privacy. Early in January I
was subpoenaed to testify before a grand
jury in Iowa on the existence of certain
software within the Bell System which
could be used to evesdrop on conversa-
tions.

I wrote to Congressman McCloskey
detailing this knowledge, which I
acquired by pure accident. After doing
more research in Washington, I found
that most Senators and Congressmen are
quite uninformed on how far computer and
electronic technology has advanced.
About half of them didn't even know what
"software" means. With these high-
power lawmakers so ignorant of techno-
logy, and with so few competent engi-
neers on Capitol Hill, it is no surprise
how certain laws get passed.

My observations were as follows.
Executives and attorneys representing
large corporations like Bell or oil
companies are lobbying for the passage
of laws that help large corporations,
but have little or no concern for
citizens. Here is the dilemma: large
corporations hire attorneys and execu-
tives, and pay their costs for travel to
Washington so they can sit in or hear-
ings, talk to Congressmen, and get them
to vote for laws that benefit their
corporation. But the corporations'
employees such as engineers, program-:
mers, and technicians, the people with
first-hand knowledge of technology, are
not given a chance to look over these
laws, at least not as much as the lobby-ists. For concerned engineers to take
an active part on Capitol Hill would
mean loss of wages, even possibly loss
of a job. Engineers are too busy with
overtime, deadlines, government con-
tracts, and long working hours, to
actively take part in politics or gov-
ernment affairs, and are discouraged
from doing so. Imagine what your boss
would say if you wanted to fly to
Waskington to speak or submit testimony
for or against a law you believed was
inadequate or incomplete. I doubt if he
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would go for it - and I also doubt if
many engineers even know how to find
out about such new legislation beingset before Congress.

As a result, laws like the
Ribicoff Bill and others will get
passed without any close look into
what abuse it could lead to. Computers
and software are hard for politiciansto understand; and without this know-
ledge, how could fair laws be passed?

Computers are very versatile, as
we know. They can be used for illegal
purposes. Some states have laws against
possession of a device which could be
used to commit a crime. Does this mean
that thousands of personal-computer
users are breaking the law? Some laws
are specific about what kinds of
devices, and what they can be used to
do that makes them illegal. Others
simply state "device". A computer is
a "device" that can be used illegally.
So is a program. So let's change these
old laws to. fit new technology.

Once a law is passed, it is much
harder to get it changed, and costs
much more money. But for personal
computer owners and others these laws
must be changed, re-worded to cover more
specific details of what is or is not
illegal.

In summary, I encourage everyone i
the scientific community to become more
aware of new legislation forming on
Capitol Hill and to study these newbills to try to change them before they
get passed into law, not after. Also,
let's form a group of volunteers who
want to take the responsibility of
representing engineers, and attend
these Congressional hearings in person,
and ask to be put on the speakers guestlist and speak out and add suggestions
and ideas to modify these bills before
they get passed into law. So, all you
programmers and engineers out there
should put those coding sheets and
calculators down and think for a few
minutes on how you can get involved.
It certainly wouldn't hurt.
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Charles E. Barb, Jr., Ph.D.
Associate Professor
School of Civil Engineering and
Environmental Science and
Department of Geography

University of Oklahoma
Norman, OK 73019

One outgrowth of "personal computing" in
that some data processing professionals are
becoming interested in the microcomputer for
practical local government applications. This
paper outlines three types of potential micro-
computer applications in local government,
sketches illustrative case study examples of
each, and summarizes the broader implications of
the technology's adaptation. A principal impli-
cation foreseen is an expanded role for data
processing professionals in systems procurement,
development and documentation.

The purpose of this paper is to report a
preliminary examination of the potential appli-cation of semiconductor microprocessor technol-
ogy in local government and its implications
particularly from the local government perspec-tive. The paper is intended for both the datz.
processing professional and those prospectivelyinterested in developing applications for local
government. The paper is divided into three
parts including a typology of evolving micro-
processor and microcomputer applications inlocal government, sketch case studies illustra-
ting each type of application and a summary of
principal conclusions drawn from the inquiry.
Levels of Microcomputer Application

Digital microprocessor technology is fast
invading local government data processing asell as most other aspects of local government.uch of it is obscure, however, hidden in a
ariety of equipment and often used in controls

and interfaces. This paper explores the more
explicit utilization of microprocessor technolo-
gies in local government. Three levels or typesof explicit applications are recognizable:1. Acquisition and use of packaged hard-

ware-software application systems,2. In-house application software devel-
opment or adaptation upon low-cost or
hobby~type hardware, and

3. In-house hardware-software systems
design and development for process con-trol.

In examining microprocessor and microcomputerapplications in local government, it is veryseful to recognize the different types of
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APPLICATIONS AND IMPLICATIONS
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applications in order to lend precision to what
often becomes an unbounded discussion. Each of
the three types of applications have taken place
as illustrated in the case studies below.

Abstract

Application Case Studies

Six application case studies are presented.
The first three studies illustrate acquisition
and use of packaged microcomputer-based systems.
The three case study experiences underscore the
potential difference between the adaptation of
mass market systems and custom special purpose
systems. The next two case studies describe
city staff attempts to develop applications
scftware on low-cost hobby-type hardware. A
single case case study illustrates the third
type of application, in-house hardware-software
system design and development for process con-
trol.

ntroduction

Oklahoma City Adaptation of Word Process-
ing [1]. Oklahoma City's adaptation of word
processing represents a likely common experi-
ence in acceptance of what is now fairly fully
packaged, tested, yet fast evolving micropro-
cessor technology.

The City of Oklahoma City, since 1973, has
acquired eleven stand-alone word processing sys
tems representing a variety of makes, models
and levels of technology which are now in usein
eight different city departments. Trainingsecretaries to use the equipment has not repre-
sented a problem but institutionalization of the
equipment has. Initially, word processing was
promoted as the basis for organizing secretaried
in typing pools for greater productivity. Sec-
retaries and managers have not accepted such
reorganization and the equipment subsequently
has been promoted and justified on the basis of
specific, limited and often time critical applications where text material is repetitively
modified or tailored to changing situations.
The staffing concept now is to acquire amachine
that is shared by a number of secretaries fortheir separate special applications. Full time
machine utilization or rigorous cost-benefit
justification of the equipment is not now emphasized.

Example key applications of the equipment
by various user departments are as follows. The
City Manager's Office has two machines. The key
application is developing the weekly City Coun-cil agenda which is constantly modified and
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updated until its final publication late Friday
afternoon. The Legal Department uses their
machine for the drafting of ordinances. The
Community Development Department uses three
machines in part to support plan and report
drafting. Personnel uses a machine for produc-
ing the many variations of standard job classi-
fication descriptions and job announcements.
The Water Department maintains standard letters
and report forms and a mailing list on their
machine. Management and Budget uses their
machine during the annual budget drafting pro-
cess. A City owned convention center uses
theirs for contract drafting. And, as separa-
tely reported, the Police Department uniquely
applies a version of a word processing system
for crime data storage and retrieval.

The equipment has been purchased piecemeal
on a competitive bid basis by the city as a
"solution" to a limited application. With the
rapid evolution of word processing technology,
this purchase policy has constrained subsequent
system upgrading and has led to retaining obso-
lescent equipment.: City staff envisioned that
the word processing equipment eventually will
be networked into an interdepartmental digital
communication network.

Oklahoma City Police Department Crime
Analysis System [2]. The Oklahoma City Police
Department Crime Analysis System represents a
prototype application of a commercially avail-
able low-cost microcomputer-based information
retrieval package available within a word pro-
cessing system.

The microcomputer system used in the crime
analysis application is an Olivetti 501 text
editing system which includes a typewriter,
microprocessor with 8K RAM, and double floppy
disks. The unit currently sells for $8,324.00
and has been on the market about two years.
Reportedly its closest competitor is the IBM
System 6. The system can be programmed for
either standard word processing or information
retrieval. The latter, only, is used by the
police department. System software for both
the word processing and information retrieval
applications are stored on specially pre-
recorded 10" floppy disks also used in the
system for data storage. The prerecorded disks
cost $8.00 apiece from Olivetti.

In the information retrieval mode, the
system can store 1408 lines of data, 128 char-
acters per line in any number of pre-tabbed
user specified fields on each disk. (It can
also be configured to store twice the number
of lines, half as long.) The data is entered
at the keyboard; visual verification of input
data is available through a 15 character,
scrolling LED display. The system can perform
a boolean search of any number of fields and up
to six search requests can be stacked. The
system can report records meeting the search.
specification or report the number of records
found or the sum of a numeric column. A search
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of two disks will take less than one minute,
however, speed depends on the number of lines
of printing produced (the printer operates at
30 characters per second).

The Oklahoma City Police Department Crim
Analysis Unit, which has been organized around
the Olivetti 501, was modeled after a similar
unit in the Phoenix, Arizona Police Department.
The Oklahoma City wit was organized in August,
1977, using five civilian CETA employees under
the supervision of a police lieutenant, and a
leased machine. The hardware was subsequently
purchased. The Unit's function is limited to
crime analysis in direct support of police
operations; it is not a general purpose statis-
tical unit.

Unit staff code and keyboard enter data
from standard police reports previously in use
in the police department. They maintain nine
files: burglary, robbery, sex offense inci-
dents, stolen vehicles and property files, and
adult and juvenile suspect files by white and
non-white racial classification. Where appro-
priate, files include the geographic codes for
square mile section of the city and recognized
resident-organized neighborhoods. Different
files are stored on separate disks by month or
year depending upon the anticipated size of the
file. Files are commonly searched hy incident
type and/or characteristics, person name and/or
person characteristics, property serial number
and/or characteristic, or geographic area.
The unit also maintains wall pin maps of the
incidents.

The unit responds to individual search
requests from officers in the field, and also
generates special incident alerts based upon
the staff's sense of the data they are process~
ing. The unit's service to field officers has
grown to about six search requests a day. Only
a minority of officers have come to use the
service but those that do use it frequently.
Special incident alert reports generated by the
unit have been instrumental in several appre-
hensions over the last nine months.

Introduction and use of the equipment has
been relatively problem free. Initially
Olivetti did not offer local maintenance sup-
port which was a problem when a board required
repair and problems occurred with bad disks.
The system is now down about once a month but
repair is prompt.It is foreseen that with increased demand
for searching of expanding data files, file
development will likely require a second
machine or conyersion of the system to a larger
computer. The unit has received budget approval
for a second machine,

Oklahoma City Fuel Monitor Syatem [1].
The Oklahoma City Fuel Monitor System representa
the prototype application of a packaged small
computer process control system to a fundamental
local government function, and attendant pro-
blems.
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In the fall of 1974, Oklahoma City staff
recognized that approximately 200,000 gallons
of gasoline dispensed through the City's motor
pool fuel stations were unaccounted for.
Alternative types of improved control were con-
sidered and the most cost-effective solution
found was a central computer controlled system.
In 1975 a turn-key system was purchased through
open-bidding; installation was completed in
early 1977. The purchased price of the system
was $136,000 which had an estimated payback
period of three years in terms of fuel savings
and personnel cost avoidance.

Currently two million gallons of gasoline
are dispensed annually through ten geographi-
cally dispersed fueling stations which are
under control of a Nova II mini-computer.
(This mini-computer application is included in
the serles of case studies because the task is
within the realm of micro-computer applications
today.) In addition to the Nova, the system
includes a Calcomp floppy disk, an interface
and telephone communication lines to the fuel
stations, and special terminals located on each
fuel island. The computer is located at the
Public Services Department headquarters. The
terminals have a type of numeric keyboard and
two slots for the insertion of plastic perfor-ated cards, one issued to the driver and one
issued to each car.

The system operates in the following fash-
ion. The fuel islands are self-service. The
driver inserts his driver card and the vehicle
card in the terminal and enters the odometer
reading for the vehicle. The vehicle card
indicates the capacity and type of fuel author-
ized for the vehicle. Before fuel is dispensedthe computer verifies both cards and checks the
entered mileage against the vehicles preventive
maintenance schedule and the previous re-
fueling odometer reading (a logic check tocatch gross errors). After the fuel is dis-
pensed, the transaction, with time and date
added, is stored on disk. Once a night thedisk file is dumped to the City's central com
puter where it becomes part of the City's
equipment management information system. A
paper log of all transactions and exceptionreport is routinely generated.

The system was installed on a turn-keybasis by a company which previously had soldsimilar systems for wholesale fuel dispensingat refineries. The City application differedin that it involved a much larger number ofsmall transactions (the City has 3,000 vehi-cles) at geographically dispersed cites. The
system installed also was the company's firstapplication of a floppy disk storage system.These uniquenesses led to some system develop-ment difficulties. Other development difficul-ties were encountered in coordinating construc-tion of fuel islands and cable connections.
(The rehabilitation of one fuel island was
delayed for a year after the computer's instal-lation.)
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132

Operationally, the dependability of the
system has been termed "low." Telephone commu-
nications between dispensing sites and between
computers has been a problem with the usual
attendant "finger pointing" by vendors. Secur-
ing maintenance has been a problem. The system
vendor will not maintain the fuel island termi-
nals and a proposed service arrangement with the
mainframe computer company never materialized.
Finally, at the City's insistence, City traffic
signal technicians have been trained by the
vendor to troubleshoot problems and isolate
defective boards or parts for repair by the
vendor. Generally, system documentation has
been termed "bad." Efforts to train City data
processing staff to support the system has been
frustrated by successive staff departures. One
fuel island terminal is inoperative due to
reported software problems. And, overall, there
were several changes in project management staff
which resulted in inadequate contract adminis-
tration by the City.

Knoxville Commuter Pool Ride-Sharing Infor-
mation System [3]. The Knoxville Commuter Pool
Ride-sharing Information System represents the
potential for development of relatively large-scale applications software on hobby-type com-
puter hardware by city staff.

In transportation circles, Knoxville Com-
muter Pool is a leading paratransit service
development program that has demonstrated the
potential for municipally-sponsored and promoted
ride~sharing, principally vanpooling, for com-
muters. The forming of vanpools is basically a
information processing problem involving the
matching of eight to ten commuters who live nea
each other and who have a common destination and
work schedule. After earlier use of batch
matching systems on large computers, Commuter
Pool is now implementing a prototype, multi-
functional, interactive ride-sharing informatio
system on a consumer-advertised personal micro-
computer. System development is being supported
by the Urban Mass Transportation Administrationof the U.S. Department of Transportation.

The ride~sharing system has four basic
functional components

1. Capture and store information on peopleinterested in ride-sharing programs
including their name, address, phone,work location and work schedule;2. Match people to various ride-sharing
options based upon residence, work
location and schedule;

3. Report alternative transportationavailable - express or regular bus,
vanpooling, or people potentiallyinterested in carpooling - for a givenorigin, destination and schedule; and4. Report volunteer agencies available to
serve the elderly and handicapped for
specific trips.

The system is being designed primarily for
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an applicant by phone in real time. Using the
system, staff will record applicant informa-
tion, search the appropriate bus, van, social
service agency, or commuter file to identify
and arrange a transportation service for the
caller. As a follow-up, the system will pro-
duce a personalized letter documenting the call
and transportation service options reported.

The system is being implemented on a Tech-
nical Design Lab XITAN computer with 64K, four
Digital Systema double density floppy disks
representing 2.5M characters of on-line stor-
age, a Beehive 100 CRT terminal, and Okidata
Printer (which will be replaced with a Centro-
nix 703). The computer was purchased as a kit
and assembled in two weeks by three city staff
without difficulty or problems. The system
operates with an extended FORTRAN IV; TDL was
one of the first to implement a microcomputer
FORTRAN. The entire system costs in the neigh-
borhood of $13,000.

At this writing phase 1 of system devel-
opment just has been completed and is being
operationally tested and documented. Develop-
ment took six months and included initial hard-
ware construction, testing and familiarization;
development of basic match logics, file struc-
tures and file add, delete and change func-
tions; development of a place name-to-zone geo-
code file and an origin and destination zone
matrix key file; development of basic transpor-
tation service files for up to 300 regular and
express bus routes and 500 vanpools and vanpool
drivers; development of a local employer file
including their survey history; and development
of system access security and user logging sys-
tems. Phase 2, which is under disign, will
involve development of a file of up to 25,000
commuters by name and commuting characteris-
tics. The commuter file will support carpool
matching. It is anticipated that the phase 2

capability will be operational during the Fall
of this year.

To date, several significant and lesser
problems have been encountered in system devel-
opment. First, hardware delivery was delayed
six months, reportedly due to a subcontractor
strike. The FORTRAN package has worked well
but error messages are very limited. One bug
in the FORTRAN package was found and corrected
by TDL. The disk operating system, however,
apparently does not allow application system
access to disks two through four, only disk
one. Since phase 2 system development requires
these additional disks, this problem will have
to be corrected or the system will have to be
updated in the immediate future. Staff feel it
is likely that the system implemented on the
TDL Computer will eventually require a second
duplicate backup system for operational depend-
ability. The Commuter Pool staff at this point
are reconsidering their hardware requirements
not only due to the limitations above but due
to expanded applications being envisioned and
the availability of new multi-user time share
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microcomputer systems that are coming on the
market.

A second problem occurred with the consul-
tant producing the application software. Due to
the consultant's loss of their project program
mer, Commuter Pool staff had to pick up and pro-
gram some of the system. It should be noted
that the Commuter Pool computer staff is one
person with a computer science, engineering and
transportation background who also developed the
basic system specifications.

A third problem encountered is staff accep
tance of the new system. It is reported some
staff are resisting being weaned away from old
manual procedures. More training and familiar-
ity with the system and completion of all system
capabilities is viewed as the solution to this
problem.

San Jose City Agency Microcomputer Applica
tion Program [4]. The San Jose microcomputer
application program represents the potential fo
direct user agency staff application of small
microcomputers in local government.

The City of San Jose, CA, has leased and
installed seven 8 Bit, 8080-based DTC micro-
computer systems with floppy disks. The DIC
system is expandable to 64 K memory, offers an
option of two or four 8" floppy disks with a
potential of 1M bytes on line. The system comeg
with an extended DOS BASIC and 8080 assembler,
basic text editing and form letter writing pro-
grams, and a tutor and standard games package.
The system sells for $4900.00 for a 16 K, 2 disk
configuration minus terminal. The City has
leased a variety of configurations and uses a
variety of terminals including DECwriters,
graphic and alpha-numeric CRT's and daisy wheel
printers. Most of the systems have been in use
in the city for about a year.

At present five city departments are using
the computer which represents their first appli
cation of computers to their operations. The
Public Works Department has two computers. One
is used for traffic signal development (see
below) and an inventory control system, and the
second is being used in a variety of applica-
tions including equipment replacement schedul-
ing, street crew performance analysis and sub-
division application processing including the
generation of necessary checklists, information
letters and even the City Council resolution
accepting the subdivision. The Property and
Codes Department also has two systems and uses
them for monitoring building permit application
processing, delinquent garbage collection and
'contractor liability insurance among
other applications. The Planning Department has
one computer and uses it, among other applica-
tions; to generate statistical summaries of
active construction using a copy of the Propert
and Code building permit disk file. The Econo-
mic Development Department has one computer and
uses it to maintain an industrial vacant land
inventory to support industrial development
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programs. The seventh computer is maintained
by the City's Science and Technology Office as
a backup and applications development facility.

Adaptation of microcomputers in San Jose
has been coordinated by the City's Science and
Technology office. It began with staff train-
ing programs in BASIC obtained through local
junior colleges and the Lawrence Hall of
Science. All of the above applications have
been developed in BASIC. About forty staff
have taken the programming courses; about six
are currently involved in active software
development, one per department. The Science
and Technology office also has a highly pro-ficient BASIC programmer who aids the depart-
mental programmers. The individual machines
were individually cost justified relative to
specific applications and acquired. Hardware
dependability has been good; most problems have
been in the disk drive units and I-0 equipment.
Equipment needing repair is taken to local com
mercial service facilities. Temporary sharing
of other department systems has reduced user
inconvenience when equipment is down. Data
exchange occurs between the microcomputers sys-
tems through disk copying. The machines also
exchange data with the City's Burroughs 3700
main frame computer over a telephone modem
link.

The application of microcomputers was
forced by constraints in the city's central
data processing center. The data processingstaff are reportedly antagonistic towards the
micros; in part they have a COBOL programmer's
prejudice toward BASIC. A monthly meeting is
held between the microsystem operators and the
central data processing staff for coordination.
Application programs developed by departmentalstaff have tended to be relatively short,
straight forward programs in the order of 50
lines of code and taking less than a month ofeffort. Software development has not been con-
trolled or standardized to date; central data
processing staff have expressed some interest
in assuming this function.

System development to date has been depen-dent upon the personal initiative of the agencystaff "turned on" to programming. These staff
tended to be lower or mid-management level who
recognize the computer as a practical tool in
specific aspects of their job.

San Jose Microprocessor Traffic SignalController [41. The San Jose microprocessortraffic signal controller project suggests the
possibility that city staff can design and pro-
duce microprocessor-based process control sys-
tems at a savings.

The City of San Jose has in the order of
500 signaled intersections.
process of upgrading electro-mechanical con-troller units and signaling new intersections
at the rate of about 25 per year. City elec-trical shop staff have traditionally designed,fabricated and installed all loops, cabling and
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It has been in the-

control boxes and installed purchased micro-
processor controller units. The microprocessor
controllers have cost in the neighborhood of
$4500 apiece. It is projected that city staff
can design and fabricate comparable micropro-
cessor controllers for $1500 apiece - a savings
of $3000 per unit and $75,000 per year. This
would also solve another problem the city has i
equipment standardization; currently controllerg
are purchased on a low bid basis which has
resulted in a potpourri of makes and models.

The controller that has been designed is a
standard 8 phase unit that will be software
modified for other phase configurations. The
design has been breadboarded and successfullyfield tested. Staff are currently drawing the
printed circuit board artwork; the boards and
all components will be commercially procured.It is anticipated a prototype unit will be com-
pleted and field tested in about six months.
The contrcller will likely include two boards,
one with an 8080 CPU, EPROM or masked ROM men-
ory, RAM memory, and an I/O board. The critical
design factor is temperature. The breadboard
prototype operated satisfactorily with commer-
cial spec components; production controllerswill use now-available military spec components.
A city decision on use of the controller is
expected within the year.

A program toward application of micropro-
cessor technology was initiated by the City'sScience and Technology staff three years ago
through a digital electronics course developed
by the Lawrence Livermore Laboratory of the
University of California. The course included
a series of videotape lectures and micropro-cessor breadboard laboratory experiments. Ten
city staff took the course and subsequently two
of the staff from the electrical shop developedthe traffic signal controller application. Botstaff were electricians: one with a college
degree in mathematics, the other, one year ina
junior college. Both were enthusiastic about
the project. City traffic engineers, however,have been noncommital and aloof of the projectand they generally don't foresee potentialfollow-on applications of the controllers such
as traffic counting or controller networking.It is reported that the traffic engineeringstaff has a conservative view toward signal con

central computer controlled 60 signal systemsome years ago.
San Jose is a high technology area with

generally competent city staff as a result of a
competitive pay scale. It anticipated keepingthe electrical staff it trained in digitalelectronic design, however, one of the two

trol development in part due to the failure of

electricians has left the City for other employment.

Initial Conclusions

134

The above anecdotes broadly suggest the
type of problems and implications encountered i
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adapting microprocessor technology in local
government. The following discussion high-
lights potential data processing management
concerns, introduces idiosyncrasies of local
government which will influence the technolo-
gy's adaptation, and underscores the broader
information systems implications of the tech-
nology.

Management Concerns. There are three
principal areas of concern professional data
processing managers will likely have regarding
local agency adaptation of microcomputer and
microprocessor technology. The first is the
viability of the equipment to reliably support
day-to-day user application. Experience to
date suggests mechanical periphereals, parti-
cularly floppy disk drives, are the principal
problems today. While equipment engineering is
improving, it remains prudent to plan for hard-
ware redundancy or interchangeability as illus-
trated in the San Jose case study. A related
problem is the availability of equipment main-
tenance services over time. With such a fast
developing technology, equipment obsolescence is
particularly severe and the availability of
repair parts and service staff familiar with
and willing to work on old equipment may be
limited. Another dimension to the equipment
concern is replacing or upgrading equipment.
The limited interchangeability between today's
hardware underscores this problem. Small con-
puter manufacturers - often short-lived - often
do not offer effective means to transfer devel-
oped systems and files to new equipment.

A secondary concern is system software.
At present, higher level languages - beyond
BASIC - are just not appearing on the market.
Most of the packages are relatively primitive
in error message aids. Applications software
development isn't as easy as on established
commercial systems. A common way around this
is to develop software on larger commercial
systems and then transfer completed packages to
the end resident microcomputer.

A third, and possibly primary concern is
the need for local management of system pro-
curement and applications development. Gener-
ally greater care will need to be exercised in
drafting system specifications in the system
procurement process. Small tailored hardware
systems are implicitly less flexible than
large scale general purpose equipment for sys-
tem development or modification. Another man-
agement concern is the supervision of applica-
tion software development, often by inexperi-
enced programmers in remote user departments.
While BASIC programming is relatively straight-
forward and easy to master, application pro-
grams developed by inexperienced staff will
likely be poorly conceived, executed and docu-
mented which will present problems for subse-
quent maintenance. Professional supervision
of software design, development and documenta-
tion will be locally needed.
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Local Government Idiosyncrasies. Local
government has several unique characteristics,distinct from money-making organizations, that
will likely influence microcomputer adaption.It will be useful for those looking to local
government as a potential market to keep these
factors in mind. A primary characteristic of
local government is that it generally has not
been organized to be innovative, per se, but to
react to and solve a limited range of community
problems. The problems are rarely of a high
technology nature and solutions are commonly
copied from the successful experience of other
governments. Local governments also tend to
want to buy a permanent technological solution
to a problem -- to be done with it. They do not
acquire technology to obtain a competitive edge
as is commonly the motive in business.

Second, local government has a broader
range of concerns and functions than business
and there is also a lack of standard procedures
and processes in these functions across local
government even within the same region. Sub-
sequently, most local government systems, beyond
basic accounting and billing functions, must be
customed designed or extensively tailored during
installation. And third, local government is
frequently a poor paying employer. Conse-
quently, staff technical competence and experi-
ence is often low and staff turnover high.
Local government information system development
should be approached from the perspective of
"appropriate technology" in the same sense it ig
often applied to the transfer of technology to
third world nations. All too often local sys-
tems designs are not appropriate to the techno-
logy level of the local government environment
and they fail.

System Implications. In conclusion, it is
appropriate to recall the broader definition of
information systems [5]:

a collection of people, procedures,
computer hardware, computer software, and
a data base organized to develop the
information required to support a par-
ticular mission."

From this perspective, microcomputer technology
merely represents a continued decline in the
cost of the hardware component of information
systems. Experience suggests this shift results
in pressure on the people component of systems.
Microcomputer technology will likely require
that data processing staff, if they are to
participate in the microcomputer revolution,
acquire broader language skills, a broader
knowledge of hardware and communication systems,
and more skills in managing overall system pro-
curement, development and integration, and docu
mentation.

Summary

In summary, the paper has suggested three
approaches that local government may take in
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adapting microcomputer technology: purchase of
packaged systems, in-house software development
on hobby-type equipment, and in-house design
and development of hardware-software systems
particularly for process control applications.
Six studies suggested the types of prerequi-
sites to, problems and implications of adapting
the technology. And finally, the paper briefly
discussed the principal technical concerns of
data processing professionals in regard to the
technology, idiosyncrasies of the local govern-
ment environment influencing its' adaptation,
and the broader information system implications
of the adaptation process.
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MICROCOMPUTERS IN CITY GOVERNMENT

Monroe H. Postman, Technology Agent,
San Jose, CA 95110

Abstract

There are presently seven microcomputers
in the San Jose City Offices all programmed
and operated by departmental personnel. The
tasks include business and computational
applications, word processing and control
system development. This last project in-
volves the in-house circuit and programming
design of a microprocessor traffic signal
controller.

The introduction of microcomputers into
the San Jose City offices was a logical follow-
on to a do-it-yourself BASIC programming proj-
ect. The central EDP shop was overloaded and
could not supply software services. The City
computer was not configured initially to supply
timesharing capability and when that did occur,
the response time was too slow. The DIC
"Microfile" microcomputers which were acquired
provide up to 64K of RAM and up to 1.2M bytes
of floppy disc storage. Two of the units are
provided with answer modems for remote access.

The programs which have been written are
usually less than 50 lines of BASIC code and

City of San Jose, 801 N. First Street
(408) 277-5171

include communication programs to link the
microcomputers to the central City computer,
a Burroughs 3700. Files are transferred be-
tween departments using floppy discs. A
library of universal programs is available
to all departments in addition to the
editing programs which were supplied with
the computers.

Machine reliability has been excellent.
Estimated total downtime is five days out
of seven machine years. When a machine has
been down, work can usually be done on a
neighboring unit, thus providing an order
of magnitude greater availability than most
large systems.

The only apparent drawback is that
motivation to program the computers is a
requisite to success. This has slowed down
adoption in only one case but should be con-
sidered before embarking on a program of this
type. Estimated annual savings at $200,000
have been attributed to this project by the
involved departments.

Los Angeles, California137 1978 November 3-5 +3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302



ABSTRACT
Copyright and Software:

Some Philosophical and Practical Considerations

By Kenneth De Widelitz, Attorney-at-Law
19968 Wilshire Blva Suite 1594

90824Los Angeles, CA
Telephone (213) 477-3067

The New Alchemy understood to ove inventions--in a
sense the ideas themselves."
Patents protect inventions whicn

about notwhat's all this brouhana must pe useful, novel and
whether computer programs shoulda be obvious to those familiar with the
covered by copyright. One reason related technology. Trade secrecyis because offor all of the concern involves the dissemination
microcomputers now allow us to make information pursuant to contractual
gold from lead. That is, into one agreements by the terms of which
disk drive you insert a disk with a the party receiving the information
program on it which sells for promises not to reveal it to anyone
Slubo. Into a second disk drive else.

Youyou insert a blank diskette.
type "filecopy" and seconds later Philosophically speaking, issues
you hold in your hand 2 diskettes raised in discussing whether
worth $1000! That's alchemy in my software shoula be protected by
book. copyright involve the use of

analogies in which the statement
of course, copying along similar "computer programs are more or lesslines goes on virtually every day like... are made. The guestion
when a person tape records a becomes, is a computer program afriend's record album. But in that writing and/or a mechanical device.situation you are dealing with a $5 Other "philosophical" issues
item and it takes 45 minutes to involve the question of when a copyit. For the first time ofreproduce a computer program is made. Is
in man's history an item with a it made when it is loadea into
large economic value can be memory or when it is dumped onto

an amazingly Shortduplicated in tape or hardcopy. Another issue
period of time. That's incentive. involved is when is a program basedPut incentive together with alchemy on a previous program a derivative
and you get a large scale problem. work. That is, an author of a book

written in English has theProtection of Software exclusive right to translate into
French

The National Commission on New
(read BASIC for English,

COBOL for French?)Technological Uses of Copyrighted
Works (CONTU) was charged bywith the

The Copyright Act of 1976
Congress examining
problems involved in the protection The Copyright Act of 1976 becameof computer software. CONTU has 1978.effective January 1, Thatjust submitted its final report to copyright law makes the term ofCongress. In that report CONTU copyright equal to the life of therecommends that the Copyright Act The law alsoof 1976 be amended to make it author plus 58 years.

makes the concept of "publication"explicit that computer programs are less important. The law alsothe proper subject matter of defines when a work iscopyright. created,"
when a "copy" is made and whatconstitutes "a work made for hire."CONTU'S earlier report, issued in

June, 1977, discussed the issues
involved in Under the Copyright Act an authorreaching such a has the right to do any of thedetermination. That reportdiscussed the three possible following: (1) Reproduce the

copyrighted work and copies; (2)vehicles for protection of computer Prepare derivative works based uponprograms, namely, copyright, patent the copyrightedana trade secrecy. As the report works; (3)
is Distribute copies of thestated, copyright designed copyrighted work to the public byto protect the expression of ideas

while patent's purpose is to Sale or other transfer of ownership
what are or by rental, lease or lending.protect generally Each of these rights are
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independent of one another so that teachers who xerox materials for
one distribution to studentsany may be retained while any for

other is sold or transferred. educational purposes.
CONTU'sS finalThe guestion as to what constitutes report recommends

a derivative work is one of the that the Register of Copyrignts
toughest should adopt appropriatwill that computer programmersface. It must first be regulations regarding the notice,
understood that copyright devosit and registration of
protection does not extend to computer programs.
idea, anyprocedure, process, method ofoperation or concept. Copyrigntprotection extends to theonlyexpression of ideas, not the ideasthemselves. of course, some ideas,concepts, oroceaures orare so processesbasically fundamental that
copyright aoes not protect anexplanation of them. For example,some sorting routines are so basicthat they cannot be copyrighted.However, if a series of basicroutines are put together so as to
accomplish a specific task, that
Program is subject to copyright.
In order to obtain copyrightprotection, there is certain
procedural technicalities. Theseare notice, deposit andregistration. Notice requirementsare simple. They consist of a Cin
a circle, the word "copyright" orthe abbreviation "copr . , the yearof first publication and the nameof the copyright owner (i.e.
Copyright 1978 by Kenneth S.Wiaelitz.) There are rules relatingto where the notice must appear
depending upon the type of work to
be copyrighted. The copyright lawalso requires that materials that
are copyrighted be deposited in the

ofLibrary Congress. There are
exceptions if the Library of
Congress does not desire specificmaterial. Registration with the
Register of Copyrights is a
prerequisite to the bringing of a
law suit for the infringement of
the copyright.
Another consideration is the
Doctrine of Fair Use. Fair use
embodies that notion that a
reasonable portion of a copyrighted
work may be reproduced without the
permission of an author for a

The doctrinelegitimate purpose.is most often applied through
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COPYRIGHT AND COMPUTERS
Neil BoorsPhillips, Moore, Wetssenberger,
Lempio & Majestic

Three Embarcadero Center
San Francisco, CA

(415) 421-2674

1. COPYRIGHTING COMPUTER PROGRAMS

Since 1964 the Copyright Office has
accepted registration of computer
programs, despite lack of any then
existing statutory authority. As a
condition of registration, the
Copyright Office required that the
program constitute sufficient
original authorship, that it be
"published" with copyright notice
(1.e., copies of the program
capable of being eye-readable were
sold to the public), and an eye-
readable print-out of the program
was deposited with the CopyrightOffice.
The new Copyright Act, which became
effective on January 1, 1978,includes in its definition of
"literary works" all works
expressed in words, numbers or
other verbal or numerical symbolsor indicia (Sec. 101). Therefore,
computer programs and computer
bases are now statutorily
copyrightable to the extent that
they are original works of
authorship. That is, the program
must be the programmer's expressionof his original ideas, as opposedto the ideas themselves.

Copyright protection does not
extend to the idea, procedure,
process, system or method of
operation (Sec. 102b). Only thewritten expression of the
programmer's ideas are protectable.
Copyright protection exists from
the time an original work of
authorship is fixed in any tangible
medium of expression from which the
work can be perceived, reproduced,or otherwise communicated, either
directly or with the aid of a
machine or device. The fixation
must be sufficiently permanent orstable to permit perception,
reproduction, or communication for
a period of more than transitoryduration.
If the program is prepared over a
period of time, that portion that
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is fixed at any particular time is
a copyrightable work as of that
time, and if the program has been
prepared in different versions,
each version constitutes a
separate protectable work
(Sec. 101).
A copyright notice should be
affixed to all copies of the
program that are published, i.e.,sold or distributed. The notice
may be placed on the medium
embodying the program ((punch
ecards, magnetic tape, diskette,etc.) or in the program itself so
that it is readable on all print-outs. The program should be
registered with the CopyrightOffice and copies of the program
deposited. Publication is no
longer a condition of registration
and unpublished programs may now
be registered.
As the copyright owner of a
computer program, the programmer
owns a "bundle" of exclusive
rights: for example, the right to
make and sell copies, the right totranslate the program into other
machine languages, and the rightto display the program publicly(Sec. 106).
The copyright protects againstunauthorized uses of the program.
Copying of the program without
permission is prohibited. A
purchaser or. lessee of a program
however, is free to copy the
program in order to use it. The
ideas, system, or process embodiedin the program are also free. The
programmer's expression of his
ideas may not be copied nor mayhis efforts in selecting, sorting,arranging, designing, and
constructing the program be
copied.
If an idea or procedure is reducedto written form, the method of
expression of the idea will be
protectable, even though the ideaitself is not.
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2. COMPUTER DATA BASES

Section 101 of the new Copyright the copying of a copyrightedAct defines a "compilation" as a computer program on tape or diskwork formed by the collection and for subsequent in-putting into a
assembly of data that are selected
or arranged in such a way that the computer will be an infringement
result constitutes an original work

because such copying is not a
of authorship. Examples of

"use of the work in conjunctionwith automatic systems capable of
copyrightable compilations include storing, processing, retrieving,catalogs, directories, and computer or transferring information"data bases. The data or materials within the contemplation of
comprising a compilation need not Section 117.
be copyrightable. If the
underlying data or materials are
copyrightable, i.e., original worksof authorship, then the resulting
assemblage is a collective work.

Therefore, data bases comprisingthe selection, organization, and
arrangement of pre-existingmaterials are copyrightable and, if
copyrighted, would be protected
against unauthorized copying and
use. Copyright protection extends
only to the particular compilationof material (selection,
arrangement, etc.) contributed bythe author, and not to the
underlying materials. If the pre-
existing materials are protected by
copyright their unauthorized
inclusion and use as part of a data
base may constitute an
infringement.
The new law (Section 117) leaves
open, for the time being, the
question of whether the
unauthorized in-put of a
copyrighted work into a computerconstitutes an infringement. But,
the retrieval of the work ina
print-out would be an infringement
unless the doctrine of fair use
were applicable, e.g., a non-profit
educational use. The Act does not
deal with the use of copyrighted
works in conjunction with automatic
storage or retrieval systems.
Legislation in this area may be
enacted at a later date. However,

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 141 1978 November 3-5 t f f Los Angeles, California



PATENTABILITY OF COMPUTER SOFTWARE

Martin C. Fliesler, Attorney at Law
Phillips, Moore, Weissenberger,

Lempio & Majestic
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I. Basic Principles of Patent Law for Understanding the Issue of
Software Patentability

A. The Patent
1. Physical Aspects - purposes and differences

between the specification and the claims.

Legal Aspects - a patent is in the nature of
a contract between two parties, i.e., the
inventor and the Government.

B. The Invention

2.

1. An invention is needed before there can be a
patentable invention.
Requirements for an invention
a) Conception - the mental act
b) Reduction to practice - the physical act

C. The Patentable Invention - Requirements
1. Patentable subject matter - the key issue

in the area of the Software invention (35 USC 100
and 101)

2. Utility (35 USC 101)

2.

3. Novelty (35 USC 102)
4. Unobviousness (35 USC 103)

D. Procedure for Obtaining a Patent
1. .Prosecution before the Patent Office Examiner
2. Appeal to the Patent Office Board of Appeals.
3. Appeal from the Board to the Court of Customs

and Patent Appeals (CCPA)

Appeal from the CCPA to the United States
Supreme Court.

4.

II. The Patentability of Software Inventions
A. The present state of the law

1. The Supreme Court majority view - the Benson andFlook cases.
a) Algorithms. though conceived by the inventor,are presumed to be in the prior art.
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b) Claims which essentially preempt an algorithmare not patentable.
c) Patentability must lie in some inventive conceptin the application of the algorithm.
The Supreme Court minority view - clear, crisp andin conformity with heretofore recognized patentprinciples, but unfortunately not the law.

2

The post-Benson and Flook era.

1. The Patent Office view - will it read the
Supreme Court decisions broadly and continue
to reject most software related inventions.
The CCPA view - will it read the Supreme Court
decisions narrowly and continue to allow some
software related inventions.

2.

Possible areas of patentable subject matter.
a) Specific programs developed from generalizedformulations for programs to solve mathematical

3.

problems.
b) Generalized programs combined with an

otherwise novel process
c) Broadly claimed apparatus performing the

algorithm
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PROTECTING SOFTWARE WITHOUT PATENTS-~
WHAT ALTERNATIVES

1°78 David B. Harrison, Esq.
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Abstract
Recent developments in the law concerning the nature and extent of soft-

ware protection are discussed, including some limitations and drawbacks of copy-
right.

A lot of water of legal de-
velopment and thinking has spilled
over the races of the intellectual
property law dam since last we
spoke with you at the Second West
Coast Computer Faire held in March
in San Jose. At that conference, I
presented a paper which surveyed the
patent system from a vantage of
personal computing. The paper is
reproduced in the Proceedings of the
Second Faire (beginning at p. 105),
and its my intention to minimize
repetition of that material today.

In that paper I mentioned
a case which was then pending before
the United States Supreme Court con-
cerning the patentability of software.
As many of you probably already
know, on June 22, 1978, in a 6-3
decision, the Supreme Court has once
again struck down an application for
a patent upon an invention which
centrally involved a computer pro-
gram. In,that case, known as Parker
v. Flook, the patent applicationescribed a method for updating
alarm limits. Such alarm limits were
said by the inventor to be very im-
portant in monitoring and thereby
ensuring proper operation of oil
refineries involved in catalyticchemical conversion of hydrocarbons.
The Supreme Court began its analysis
by defining an alarm limit as a number,
and then went on to characterize the
patent application as nothing more
than a combination of old steps ex-
cept for a new formula or algorithm.Here's the language used by Mr. Justice
Stevens, the author of the opinion:

"All that it [the patent ap-plication] provides is a for~
mula for computing an updatedalarm limit. Although the
computations can be made bypencil and paper calculations,
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A new law is needed lying somewhat between copyright and patent, to
provide reasonable protection to novel innovative programming and concepts.

the abstract of disclosure
makes it clear that the for-
mula is primarily useful
for computerized calculations
producing automatic adjust-ments in alarm settings."
So, at the outset the Court

clearly recognized that in broad
terms it was struggling with the
patentability of computer programs,
and even more broadly, the patenta-bility of all software. As recog-
nized by the Court, the value of
software in the United States todayis staggering In fact the Court,ina footnote", acknowledges an in-
dustry estimate that the value of
computer programs in use in the United
States in 1976 was 43.1 billion dol-
lars, which figures out to be over
2 1/2 percent of the total Gross
National Pyoduct for the United States
that year. I'm sure that all of youwill agree with me that the value of
useful software in this country has
increased dramatically even since 1976.
So there is no doubt that we're deal-
ing with a subject that cries out
for effective, appropriate legal pro-tection. But what kind of protec-tion is apt to be effective and appro-
priate,. and what social values or
standards does one use to determine
what is effective and appropriate
protection in the first place.Let's start by reviewing some
of the important characteristics of
the patent law as it bears upon soft-
ware protection.

A patent is intended to give
an inventor a short-term seventeen
year powerful monopoly in and to the
invention and in and to all articles,
machines, processes (i.e. methods),or compositions of matter which are
physical embodiments of the invention.
A patent protects the inventive concept

1978 November 3-5 + Los Angeles, California144



or idea itself from exploitation by
others during its term. Thus, if a
patent were granted upon a software
concept or idea, the patent would
block everyone but the inventor from
use of not only the particular soft-
ware code set forth in the patent but
also any other software expression
which achieves the same functional
result in a different but equivalent
way. It becomes clear that tf patents
were available to protect innovative
software, whole fields of application
of general purpose computers, mini-
computers and microcomputers might he
entirely preempted by one or several
patents. Such patents would severelyrestrict and limit manufacturers
and users of computer hardware
and thus inhibit the the widespread
sale and use of computer equipment of
our society. From this point of view,it is not surprising that the Computer
and Business Equipment Manufacturers
Association argued against patent
protection for software before the
Supreme Court in the Parker v. Flook
case.

Moreover, the task of examina-
tion of software patent applications
by the Patent Office to rule upon
patentability is a most difficult one
at least. The Patent Office is not
well equipped to analyze code, except
perhaps programs written in very high
level languages and fully documented
and explained in the patent application.Classification of software patents
poses another significant problem to
the Patent Office. These problems may
explain some of the reluctance of the
Patent Office to entertain software
patent applications, but these pro-
blems are no excuse for developing
new ways of examining and classifying
patentable innovations which happen to
be embodied in software.If the patent system exists to
promote the useful arts by providing
inventors with incentives for making
their inventions public through pub-
lished patents, why shouldn't there
be patent protection for truly remarka-
ble and innovative software? After
all, the creation of such software may
involve very substantial commitments of
manpower and financial resources of a
company, resources which will be ren-
dered valueless unless some form of ef-
fective protection of the innovative
programming strategy or concept is
available. Without patent protection,it was argued by the Software Genera-
tion industry representatives at the
Supreme Court, there would be no suf-
ficient incentive or hope for reward
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for truly innoyative inventions
which are embodied in software.

This was the dilemma faced bythe Supreme Court in the Parker v.
Flook case. The answer hande own

S$ not a startling one, even thoughit may be a disappointing one to
programmers and software manufacturers
and vendors. The Court discussed a
long line of its prior decisions which
have consistently held over the yearsthat " . . . phenomena of nature,
though just discovered, mental proces-
ses, and abstract intellectual con-
cepts are not patentable as they are
the basic tools of scientific and
technological work."5 The Court
tried to draw the line between scien-tific truth or principle on the one
hand which denies patentability to
software and novel and useful struc-
ture embodying the truth or principle
on the other hand granting patenta-bility to hardware. The Court
analogized to an earlier decision
which upheld a patent for a direc-
tional antenna having a physical
geometry dictated by an algorithm
which related desired performancecharacteristics to the antenna's
geometry. In that case, the patented
combination of the new antenna and

6

the new algorithm was held to be not
infringed, i.e.,a patent which was
valid but not enforced under the facts

In the case just decided, the
Court assumed that the only thing new
was the algorithm or concept embodied
in the program--everything else was
said to be old and well known. The
Court finally decided that Flook's
concept was not patentable under
existing law because it constituted
the mere discovery of a phenomenon
of nature embodied in a mathematical
formula, notwithstanding the fact
that Plook's formula was empirically
developed rather than stated as a
derivative of pure mathematical
reasoning.

As in its earlier cases invol-
ving patentability of software, the
Court limited its decision to the
particular facts before it, and
acknowledged that a patent could be
obtained for inventive applications
and physical uses of a newly dis-
covered algorithm. In simpler lan-
guage this means that if you have new
and patentably inventive hardware
along with the novel computer program,
you should be entitled to a patent on
the combination, as was true in the
antenna case. If you have old hard-
ware and new software only, then under
present law, you will not be able to
get a patent.

1978 November 3-5 + + Los Angeles, California



As the Court reached the end of
its decision, it apologized to the pub-lic that its conclusion was based on
reasoning taken from its older decisions
which were written in a pre-computer,
pre-software era. It then tossed the
gauntlet to Congress to provide solu-
tions to what it characterized as the"difficult questions of policy con-
cerning the kinds of programs that
may be appropriate for patent protec-tion and the form and duration of suchprotection...

On July 31, 1978, just 39 daysafter the Parker v. Flook decision was
handed down by the Supreme Court, the
National Commission on New Technologi-cal Uses of Copyrighted Wogks (CONTU }
presented its Final Report to the
President and Congress. As you are
probably aware for the last three years
CONTU has been studying and holding
public hearings on how best to protect
software, including both computer pro-
grams and mechanized data bases. Since
the Commission was formed under pro-vision of thg recently enacted CopyrightAct of 1976, it is not surprising tofind that CONTU has concluded that copy-right protection as defined and governed
by the 1976 Copyright Act, is the most
appropriate form of legal protectionfor software and recommended minor leg-islative changes to assure applicationof the 1976 Copyright Act to software.

Personally, I disagree. Thebasis of my disagreement with the
CONTU conclusion is not that copyrightprotection is inappropriate: copyrightprotection is highly appropriate at the
minimum. My disagreement is that, to
my view, copyright protection does
not go far enough.the pros and cons, let's briefly consi-der the nature of the copyright.The purpose of copyright is to
grant to authors of original creations
a property right which is limited tothe precise form of the author's ex-
pression of the idea or concept. Inaccordance with the plain meaning ofthe word "copyright", the copyriqhtlaws protect only against copying theauthor's expression of the underlyingidea or concept. Without copying,there is and can be no infringementof a copyright. What this means inpractical terms is that two authorscan write identical books or two pro-grammers can write identical computerprograms with neither one of theminfringing the copyright of the other,provided that each author or program--mer comes up with an original creationwithout copying the other's particularexpression of the idea or concept.

But, before we reach

CONTU recommended copyright
protection for software for a number
of reasons:

First, since 1964 the CopyrightOffice has granted copyright registra-tions on programs, and this practice
has never been challenged in the courts
Thus, there is a historical precedent
supporting copyright for software.

Second, if present computer
industry trends continue, programswritten by non-hardware manufacturers,
i.e., the so-called software houses,will gain an increasing share of the
computer market not only because pro-
gramming and hardware construction
are vastly different skills but also
because programming requires little
capital investment. (As used by
CONTU, 'tapital investment' may be
misleading--the cost of machine time
and programmer's salaries often be-
come very significant investments,
which might properly be characterized
as "capital investments" in the
resulting program itself.)

Third, (and here I agree with
the CONTU report) the cost of copying
a program is far less than the cost
of originally developing it.

So, on these three grounds,the CONTU Final Report concludes:
", . the continued availabilityof copyright protection for computer
programs is desirable." I certainlyagree, but as I've said, in my opinioncopyright doesn't go far enough.Consider this situation: a
programmer struggling with a systems
problem discovers a radically new
strategy for programming the systemor subsystem, a strategy that has
not been known before and would have
immediate widespread application insimilar systems. The programmerwrites a program which implements his
new strategy. The program is copy~righted from the moment of its crea-tion (as are all works of originalcreation), and it is also registeredin the Copyright Office and sold tousers with the copyright notice
printed on the container, the mediareel and contained in software at thehead and tail of the program whichcauses it to print out when the pro-
gram is both listed and run. Another
programmer obtains a copy of the pro-gram by purchase, and through a care-ful study of the program discovers thenew strategy. This other programmerthen writes his own programs using the
newly discovered strategy. Under thecopyright law, there is no infringementAnyone is free to use the strategy,which means that while it is valuable,
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it is not protectible. While the
strategy may be copied, the original
program which gave the strategy away,
may not be copied. It seems to me that
there ought to be some form of pro-tection for that radically new and
valuable strategy, protection which
the copyright law simply does not
provide.

Copyright has two other limi-
tations which are probably advantages,rather than drawbacks, in connection
with software protection. The first
limitation is that copyright will
not protect works which do not qualify
as "the fruits of intellectual labor."
Thus, you cannot secure copyright
upon, e.g., unrecorded magnetic media,
or an instruction printed thereon
which simply reads "Insert into disc
drive this end up." Similarly, a
"program" consisting of a very few,
obvious steps is not a proper subject
of copyright.

The second exception to copy-
right protection occurs where the
concept or idea and the expression
thereof are identical. In the com-
puter context (and this has particu-lar relevance in microprogramming),this exception means that when speci-fic instructions, even though pre~
viously copyrighted, are the only
and essential means to accomplish a
given task, later use of the same
instructions for the same task will
not amount to copyright infringement.

As a practical matter, these
exceptions will be raised as defenses
in court proceedings for infringement;
and even though they may be complete
defenses, they do not guarantee that
you won't be sued for copyright in-
fringement and put to the expense of
defending the lawsuit.

Now that we've identified what
I view to be a weakness in copyright
protection for software which is the
total lack of protection of novel,
innovative programming concepts,
strategies and ideas, we reach a more
fundamental inquiry: how should one
plan to recover software development
costs and realize a fair profit or
return on the investment? Put another
way, what contour should the law take
to encourage development and wide~
spread usage of not only programs but
also programming strategies? Turning
once again to the CONTU Final Report,
we find four possible bases which
encourage dissemination of soft-
ware:

"(1) The creator can recover
all of its costs plus a fair
profit on the first sale of
the work, thus leaving it

unconcerned about the later
publication of the work; or
(2Y The creator can spreadits costs over multiple
copies of the work with
some form of protection
against unauthorized dupli-cation of the work; or
(3) The creator's costs are
borne by another, as, for
example, when the govern-~
ment or a foundation offers
prizes or awards; or
(4) The creator is indif-
ferent to cost and donates
the work to the publc.""10
Now, as to the altruism of

the fourth approach, while each of
us strives toward benevolence in
greater or lesser degrees, it is
simply not realistic to expect
people to make innovations in soft-
ware or in any other branch of tech-
nology without some form of incentive
which requires some form of legal
protection.

The first possibility has a
fundamental flaw and that is evenif the original creator of the soft-
ware is paid in full by a purchaser,
what kind of protection can the pur-
chaser expect for his investment.
Moreover, the first possibility, full
recovery of investment on first sale,
would make the cost of programs too
high for widespread purchase and use.

fhe third possibility, patron-
age by government or foundations,
is valid in only a very limited and
narrow sense, and would not tend to
encourage software development in
the commercial sector.

So this leaves only the second
possibility: recovery of investment
by spreading costs over multiple
copies of the work. If this approachis feasible, i.e., there is a market
for multiple copies of the same pro-
gram, then the copyright laws should
provide ample protection. On the
other hand, if the real value lies in
the programming strategy, rather than
in any particular program or expres-
sion of the strategy, and the market
is for multiple adaptations and wide-
spread and varying implementations of
the programming strategy, copyright
protection breaks down, and without
a patent on the strategy, there is no
protection except to keep the strategy
a secret. And, a secret inherently
inhibits progress in the useful arts,
which most certainly includes computer
technology.

CONTU noted other forms of legal
protection for software that ought to
be mentioned. 11 Besides patents,
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and as just suggested the doctrine
of trade secrecy may have applica~
bility to software. The doctrine
of trade secrecy protects business
operators who use a formula (i.e.,
computer program) ,pattern, device
or compilation of information (i.e.
a computer data base) in their
business which gives them an op-
portunity to obtain an advantage
over competitors who do not know it
or use it. This is a state law
theory, and such laws vary from
state to state, the main drawback
of trade secrecy is the requirement
of maintaining secrecy over the trade
secret, although in some jurisdic-
tions, such as in California, the
courts have adopted a test of so-
called "relative" secrecy rather
than absolute secrecy. Neverthe-
less, the costs for security pre-
cautions to protect trade secretsis staggering and perhaps too oftenfutile. Once the secret becomes
known in the industry, trade se-
crecy protection evaporates.

Usually, trade secrecy cases
have arisen in two types of situations
both growing out of contractual or
confidential relationships. In fact,
the existence of a confidential re-
lationship is one of the strongestfactors considered in cases involving
the protection of trade secrets.
In the first typical situation, a
former employee has appropriated a
trade secret for his own benefit, or
he has disclosed it to a third party
such as a new employer, in breach of
a provision of an employment agreementprohibiting disclosure of trade se-crets. Some cases have held that em-
ployment in. and of itself establishes
a confidential relationship which pro-hibits disclosure of trade secrets
even where there is no written employ~ment agreement. In the second situa-
tion, the trade secret is disclosedin confidence and for evaluation only
by one company to another duringunsuccessful negotiations over a
contract which is never made and the
company receiving the trade secretlater makes unauthorized use of it.
In both situations the courts have
often entered injunctions barring
wrongful use of disclosure of the tradesecret.

In the personal computing field,we're beginning to see software vendors
try to bind users to non-disclosure byrestrictive language appearing in ad-
vertising and sales invoices, purpor-ting to limit the user's freedom ofaction with respect to the purchased

software. While I am unaware of any
cases construing such provisions in
the personai/small business computing
field, I think the provisions
should be respected at least to bar
commercial exploitation of the soft-
ware purchased under those terms.
Whether a non-commercial user's
group would be held liable is a close
question, although I think it probably
would be, perhaps more likely on
copyright theories than on contract
theories.

CONTU also mentioned the theory
of unfair competition as it is
defined under both federal and state
law. 12 Broadly, this form of protec-tion prohibits false advertising,false designation of the origin of
goods or services and the "passingoff" of anothers work as one's own.
This area is a branch of commercial
law, akin to trademark law, and is
not particularly well suited to soft-
ware protection except perhaps in
those cases of flagrant plagerism
and distribution of pirated works,

There are stern laws today
denouncing the theft of computer
programs and the like which impose
rather severe criminal as well ascivil penalties.13 1 think we'll
be seeing more criminal prosecutionsfor the theft of software and the
misuse of computers in the future as
this technology becomes more wide-
spread.

In conclusion, there is a need
today for legal protection of soft-
ware which is a step beyond that
afforded by copyright and a stepshort of that available through
patents. If you agree with me, I
suggest you write to your Congressmen
and let them know your views. I have.
The need for an appropriate form
of legal protection for software is
recognized by everyone. {It is onlythe precise contours of that protec-tion upon which we disagree and
which remain unresolved.
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INFRINGEMENT AND LICENSING OF PROPRIETARY PROPERTY
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I. General Patent Licensing and Assiqnment Considerations
A. The patentee has the right to exclude others from making, using or selling the

invention throughout the United States (35 USC 154).
B. A license to practice an invention may be of little value as the patentee himself

may not be able to practice his own invention without infringing the invention
of another.
1. Pioneer and improvement patents and examples.
2. Cross-licenses.

c. What policy consideration should a company make before acquiring a license to
a patent?

D. Investigation by the licensee into the strength of a patent to be licensed.
1. File wrapper history.
2. Validity and right-to-use opinions.

E. The general format of a license and an assignment.
1. Rights and duties of the licensor/owner and the licensee.
2. Exclusive versus non-exclusive licenses.

F. Royalty Structure.
1. Royalty rate
2. Royalty Base including unpatented components.
3. Package Licenses.
4. Post-expiration royalties.
5. Royalty structure when a combination of patents, know-how and trade secrets

are licensed.
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Abstract
Computer products and

services are often offered on a
national or even international
basis. Such concepts as asking a
neighbor, e.g., where the best meat
market is located, are not
applicable in such a situation.
Instead, the intelligent buyer seeks
out a name, called a trademark or
service mark, which identifies a
product or service as being of an
expected quality, and then seeks an
outlet which sells the trademarked
goods or offers the service marked
services. Trademarks and service
marks thus constitute a form of
national or international goodwill.
How important are such marks? Well,
what kind of film do you buy and who
has the best reputation for film
processing?

The requirements for
selecting a good mark, properly
controlling products and/or services
supplied under the mark, and
enforcing the mark against
infringers, are discussed. Uses of
the mark as leverage in expanding
existing and prospective businesses
through licensing and franchising is
also discussed, with particular
emphasis on the degree of control of
the mark which must be maintained by
licensors/franchisors. Some
possible problems which might arise
under the anti-trust laws are
briefly highlighted.
Introduction

Trademarks are the names
that merchants attach to their
goods while service marks are the
names that merchants attach to
their services. For example, Kodak
is a trademark for cameras, films,

photographic chemicals, and
photographic supplies generally.
Kodak is also a service mark for
the service of processing films
into photographs, slides and thelike. Moving closer to the
computer field, IBM, besides
being a company name (synonymouswith tradename), is used as a
trademark on computers and
computer related products. IBM
is also used as a service mark
for repair services for
computers, programming services,
educational services and the
like. In the home computer field
the term Byte Shop is both a
trademark for computers and
computer products and a service
mark for retail store service,
repair services and the like. To
shorten matters, I will simply
use the term "mark" to refer to
both trademarks and service
marks.

The mark of a merchant
is perhaps his most valuable
asset. By turning out products
of a particular quality or
providing service of a particular
quality, a merchant acquires a
reputation for such quality. It
should be noted that this qualityis not necessarily excellent or
even good - but it is expectable.
You may like McDonald's
hamburgers or hate them, but you
know that they will taste the
same whether you buy them in
Bangor, Maine or Lahaina, Maui.
This reputation leads the buying
public to return to the merchant
if they are happy with him and
possibly to recommend this
merchant to other members of the
buying public. This can
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significantly affect the amount of
business done by the merchant.
Such a business reputation, and the
accompanying tendency for the
buying public to frequent the
merchant, and to recommend that
others frequent him, are known as
goodwill.
Registration

Provisions have been made by
each of the states, by the Federal
Government, and by almost all
foreign countries to allow a
merchant to protect his goodwill
through registration of his mark or
marks. The reason that such laws
have been enacted has not been
principally to aid the merchant,
but rather, to protect the
consumer. That is, the theory
behind such laws is that when a
consumer sees a particular mark
associated with a product or
service, he has a right to identify
that product or service with a
particular merchant in whom he may
have developed some trust. Thus,
there are some very strict
regulations governing the licensing
out of marks, which regulations are
designed to assure that the owner
of the mark maintains sufficient
control over the quality of the
goods or services, that the
consumer is not deceived as to the
nature of such quality.

Because marks are
protectable mainly to aid the
consumer, one may only acquireright in these marks through use of
the marks in conjunction with
particular goods or services. In
other words, the trademark statute
(the Lanham Act in the United
States) provides merely a
registration of existing rights,which rights are created by the
sale of goods or services with the
mark used in conjunction therewith.
Even though the Lanham Act
registration is only a registrationof a pre-existing right, such
registration provides verysubstantial procedural advantagesto the owner of the registered
mark. For For example, in the case
of an unregistered mark, in a suit
against an infringer, the first

152

user must show that the mark has
acquired "secondary meaning".
Secondary meaning is an
understanding, in the mind of
the buying public, that the mark
when used in conjunction with
the goods or services, conotes a
particular source (the first
user) for the goods or services.
Secondary meaning does not,
normally, have to be proved for
a registered mark. In both
cases (registered and
unregistered mark), the
first user must prove that there
is a likelihood of confusion
petween his mark and that of the
purported infringer.

There are certain
bookkeeping procedures that
should be followed if one wants
to obtain a trademark (or
service mark) registration. One
thing which must form a part of
each trademark (or service mark)
application for registration is
a recitation of the date offirst use of the mark with the
product or services and the date
of first use of the mark with
the product or services in
commerce. The term, in
commerce, as used in the Lanham
Act, refers to interstate
commerce or international
commerce. Thus, good records
should be kept of such dates.
Further, it 1s advisable to keep
proof of these dates, since such
proof may at times become
necessary during litigation or
during opposition proceedings in
the United States Patent and
Trademark Office.
Choosing Marks

Different marks have
different strengths. That is,
some marks are given broader
protection by the Courts, than
other marks. As a general rule,
one cannot register a mark for a
merely descriptive or generic
phrase or word. Thus, the word
"cup" is not registrable for
cups. Further, a Court could
certainly not enforce such a
mark against any other party.This 18 because everyone has
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the right to use deseriptive terms used in distinctive type,
product.
or generic terms to describe their properly marked as a trademark,Generic terms, by the for example with an ® to showway, are terms which may have that the mark is registered iforiginally been usable as
trademarks, i.e., may have

it has been registered or with a
originally been strong and non-

small " if it has not been
registered, It is alsodescriptive, but which have, advisable to have descriptivethrough extensive uses by a number material with the produtt orof persons, become recognized as services so that the mark doesbeing descriptive of a particular not begin to be usedproduct. Aspirin, which was descriptively and therebyoriginally a trademark of Bayer, is degenerate into a generic term.a prime example of a mark which has

become generic for a product. A Foreign Registrationsstrong mark is a mark which is in
no way descriptive of the product If a merchantor services which it covers and contemplates selling hiswhich is not similar to any other products or services outside ofmark in use. Kodak, for example, the United States, considerationis a quite strong mark. It is should be given to registeringcompletely non-descriptive, the mark in the particulararbitrary and coined. Other marksfall some place between the coined foreign countries in which themerchant reasonably contemplatesand the descriptive. These marks operating. The laws of the
may be somewhat suggestive of the various foreign countries differgoods, or the quality thereof, but greatly from one another, and,are not so clearly descriptive asto be unregisterable.

there is a distinct splitbetween those countries which
require use of the mark in theSince a mark is very country prior to registration,important to the merchant, it is and those countries which granthighly desirable that a mark be registration to whomever ischosen at the outset, which is not first to file on the mark in thedescriptive and not similar to any country. In the case of themark used by another party, latter countries, particularly,particularly in the same field of it is important to file as soonendeavor. A trademark search helps as possible so as to make sureto minimize the chance of choosing that someone else doesn't rush

@ mark which is confusingly similar
to the mark of another.

into the foreign TrademarkOffice and register your mark.This is a relatively common
Protecting Marks practice in many of these

countries. There is generallyOnce a mark has been an advantage in filing in
selected, it must be carefully foreign countries within six
protected by being prominently months of your filing date inutilized in conjunction with the the United States so as to
goods or services, by making sure obtain some very substantialthat no one else adopts and uses a advantages as to your effectivesimilar mark through promptly filing date in the foreigncountries.demanding that such infringement Under present law,
stops and promptly instituting suit if one files within six monthsif the demand is ignored, and by of one's United States filing
being sure that whenever the mark date in a foreign country, andis used by the merchant or his claims priority of the United
licensees, it is used in a States application, then the
trademark sense and not in a foreign country treats the
generic sense. That is, the mark application filed in that
when used should be capitalized, country as though it had been
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accrues only to the benefit offiled in that country on the same the franchisor. He must have the
date that it was actually filed in franchisees agree to desist from
the United States. Sometimes this
can help you get behind the filing any use of the mark at the end of
date of someone trying to pirate the franchise agreement.

Basically, the franchisor must
your mark. exercise such complete control

over the use of the mark, that
Infringing Imports the public can be sure that any

It is not necessary to product or service sold under the
mark, will have uniform qualityhave registered your trademark in the United States.all foreign countries to keep your throughout

product or services from being sold Anti-Trust Considerationsin the United States under that
mark. In fact, it is quite possible There are certainto get the United States Customs

things that the franchisor should
Department to stop import of a

not and cannot do. First, he
product which has your mark, or 4

cannot require his franchisee tomark confusingly similar thereto, on
it and is being shipped into the buy supplies from him, if such
United States from a foreign supplies are available elsewhere

This is a relatively quick and are not subject to coveragecountry. by any patent which theprocedure but requires the posting Second, theof a bond. franchisor may hold.
franchisor may not set the sales
price to be charged by theLicensing and Franchising franchisee to the public. Third,
the franchisor must be veryMarks can be used as

leverage in expanding existing careful to maintain fair dealings
businesses through licensing or with the franchisee, especially

the since the franchisor willfranchising. In other words,
merchant may develop a valuable mark probably be in direct competition
within a relatively limited area, with his franchisees at the

two or three states. retail sale level. That is, infor example, our example, the franchisor willHe may well not have sufficient
funds, or may simply not have the generally have his original
desire, to expand his business to stores in his three states, and,

these stores will be in directthe remaining forty-seven states.
competition with the stores ownedIt is quite possible for the

merchant to become a franchisor and by his franchisees in the other
to give exclusive or non-exclusive forty-seven states. This puts
territories to various franchisees, the parties on an equal or
wherein the franchisees are allowed horizontal basis as such is
to utilize the mark with their goods referred by the Courts in
and/or services. Or, the merchant interpreting under the anti-trust
may simply license use of the mark statutes. It should also be
to others for a fee. In such an mentioned that many states now
instance, it is imperative that the require that franchise agreements
franchisor/licensor maintain full be approved by them prior to the
control over the quality of the sale of any franchises within

If such control those states. California is onegoods and services.
of these states. theis not maintained, tne franchisor's Thus,

right therein can be lost. For prospective franchisor must
example, the franchisor must carefully determine the
maintain the right to inspect the government regulations, both

under which hegoods and services for quality. He federal and state,
must maintain the right to have any must operate and must follow
particular goods or services pulled these regulations with care.
off the market if they do not

Hesatisfy his quality standards. Summary
should insist that the franchisees
agree that any use of the mark To summarize,

trademarks and service marks
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are extremely powerful and useful
marketing tools and, thus,constitute valuable propertyrights. The acquisition of these
rights is governed by both statute
and common law rules. Like all
property rights, trademark andservice mark rights may be lost if
they are improperly managed and,
hence, require careful and constant
control and policing.
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Business Microcomputers: fraud or reality?

Microcomputers have been widely advertised as being applicable to small businesses.
"Por the first time, hardware is available for less than 10,000 dollars which is
fully capable of providing the functions required for the actual automation of a

small business." Is this statement true or false? Literally, it is correct.
Hardware systems are available which could provide this capability at this cost.
The essential question is: does it really provide the capability? It is the purpose
of this article to address this essential question.

From Home to Business Computers

Just like microprocessors found a market by accident in 1972, microcomputers, which
had been originally designed for the industrial market, found their next market by
accident: the home computing market. An article by Leslie Solomon, in the
January 1975 issue of Popular Electronics revealed the existence of a low cost
microcomputer available to hobbyists. The name, selected by the editor's daughter
during a Star-Trek episode was the "Altair." This microcomputer is said to have
been residing at the time in the trunk of the designer's car at the small Albequerque
company called MITS. This journalistic fluke (or foresight) suddenly revealed the
unforeseen existence of a huge new market which would become the home computing
market. Within a few weeks, MITS was deluged with orders for this microcomputer,
and a new standard was born. It is now known as the S100 bus, the set of conventions
adopted for the internal mother-board bus inside the microcomputer. The huge demand

created a sellers market, where no delay was too long for the enthusiasm of the
early hobbyist. The next three years were marked by the emergence of a new race
of human beings: the computer hobbyists. As this race is now believed to be
quickly approaching extinction, the microcomputer industry is cheerfully predicting
the emergence of a huge new untapped market: business applications. The newly found
power of low cost microcomputer systems could now be applied to solve the ills and

management problems of all small businesses in America. Myth or reality?

Let us first address the real needs of a business and then examine the available
resources before we reach a conclusion.

The requirements of business computing. At a minimum, automating any small
business requires the availability of specialized files and file management
programs for accounts receivable, accounts payable, payroll, general ledger,
inventory, tax, bank accounts, sales reports, and other journals and ledgers. As
a first step, the computerized automation of any of these files or ledgers is a wel-
come benefit. The results are improved accuracy, availability of reports and
statistics, as well as (sometimes) reduced manpower. However, the real benefits
of a computerized business system are accrued only if file management is completely
automated. This means that whenever a transaction is performed, all necessary
programs or sub-systems must be activated automatically in the proper sequence
without having to re-enter data in succession. As an example, in a simple system,
whenever a sales order is recorded, all data will be typed in, such as the name of
the customer, the nature of the order and address and delivery instructions. This
data can already be used in a first step to build a mailing list. In the second
step, an invoice should automatically be generated, and the accounts receivable
journal should be updated.

In addition, the inventory file should be checked for the availability of the
items ordered. Whenever the stock for an item reaches a predetermined threshold,
an automatic re-order should be activated. Whenever an item is not available in
stock, a back order should be generated. A shipping list or packing list should
automatically be generated together with a shipping label.

As a result of a single order, a number of files will have to be updated auto-
matically, and several programs will have to be activated in sequence. The true
benefit of a computerized system will accrue only if such automation is implemented.
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Second, every small business tends to have different requirements. As an example,an inventory program may offer a large number of attributes per item such as size,weight, dimensions, item number, items in stock, minimum quantity for re-order,purchase price, sales price, date entered in stock, other items necessary withthis one, etc. In order to be truly useful or rather usable to a large number ofpotential users, this inventory structure will specify a much larger number ofentries than the number realistically usable by any single business. As a result,a relatively small number of inventory items will reside on any diskette. Inaddition, the data entry phase for any item in the inventory might be much longerthan might be otherwise required. This simplified example shows the disadvantagesof a standard program. There is unfortunately no such thing as standard businesscomputerization techniques. In order to derive the true benefits of a computerizedbusiness system, every manager or executive shall have to implement a truly customizedversion of these programs. Flexibility is also essential in a business environment.Initially the needs of the business might be served by a number of simple software
packages performing the traditional functions. However, it might quickly become de-Sirable to add other customized routines to this set. Unless the competence existsin-house and all packages being utilized are fully documented, the task necessaryto add the necessary additional facilities might become prohibitive.
In summary, the requirements of the small business are technically best served by a
highly complex set of programs customized for the specific business. Clearly, this
approach is not realistic in the case of microcomputers yet, in view of the generalunavailability of sophisticated software, and of the very high cost of programmingrelative to the cost of the hardware. Limitations in the value of the business
programs will therefore exist and will be evaluated throughout the remainder ofthis discussion.

In addition specific hardware requirements exist to meet the needs of such file
systems and will be examined now.

The hardware. Every microcomputer system requires first a box containing the
microcomputer itself, i.e. the microprocessor board, the memory boards, any re-
quired interface boards, plus a power supply. In addition, the system requires a
business quality printer, a CRT terminal, and a disk system for mass storage. The
requirements of each of these elements will now be examined. The microcomputeritself often appears as the crucial choice in the selection of a business sytem.It is probably the least important one. The speed of the microprocessor itself is
almost irrelevant. Because nearly all business systems are implemented in a high
level language, the efficiency of the software interpreter or compiler which is
used to execute this high level language is the item of crucial importance for the
efficiency of the system. Although it can be said in a simplified manner that the
speed of different microprocessors varies in the ratio of perhaps 1 to 5, the speed
of existing BASIC interpreters, for example, may vary by a factor of 1 to 50.
Software efficiency is the key to speed. There are naturally advantages and dis-
advantages inherent to each microprocessor. For example, in order to enjoy the
possible benefits of standardized boards, any system providing a S100 bus offers an
advantage. It requires in turn an 8080 or a 280 microprocessor. However, provided
that the sufficient set of peripherals be available from the start, the option to
be able to add new fancy boards may be more appealing to the hobbyist than the
business person, and other busses than $100 might be equally acceptable. The
choice of this beautiful microcomputer box may therefore be based on the established
reputation of the manufacturer, its assumed reliability, or the possible advantages

Other arguments are going to be presented in the remainder ofof its bus structure.
this section.

The hardware items which may have the most important significance for the businessman
are by far the peripherals. First the printer. In order to provide printing speed
compatible with the printing of lengthy business documents, a 60 characters per
second speed is generally assumed to be a minimum. In order to also provide
adequate printing quality, daisy-wheel printers are a preferred choice. Unfortunately
their cost is in the 3,000 to 5,000 dollar range. However, they may be the current
optimum in business printers. One step below daisy-wheel printers may be traditional
impact printers or matrix printers, available at half the cost but which are chat-
acterized by either a slow speed or else poor printing quality. They are often a
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reasonable choice in a first step of business computerization as long as no business
forms are required, or as long as no lengthy files need to be printed in a short
time. However, it must be remembered that as it has always been the case, the cost

Peripherals areof the peripherals will usually be the dominant cost in a system.
likely to be usable over a significant period of time whereas the microcomputer
main-frame is likely to be obsolete in a short amount of time. It might be more
valuable to invest time in the correct selection of the long lived expensive per-
ipherals than in the selection of the main frame. The second most expensive item is
the disk file. Mini floppies have been the most successful mass storage medium
for hobby, microcomputers. They can simply not be considered for serious business
applications. They are too slow and offer too limited a capacity. Regular floppy
disks offer a marginally acceptable capacity and a marginally acceptable speed.
They are clearly inadequate for efficient business operation. Unfortunately, for
the time being, there is no low-cost alternative. From a technical standpoint the
hard disk is a clear optimun. New "Winchester"type disks are now becoming available
which might result in the availability of hard disk facilities in the near future
at reduced cost. For the time being, floppy disks must be considered as the min-

By the way,imum facility with which a business system should be equipped as of now.
when one speaks about floppy disks, there must always be at least two disks, so that

In the life of a system it is likely thatcopies can be created or files merged.
The cost of suchtwo disks will become three, four or more disks as time goes by.

dual floppies and the required controller board is likely to be the second largest
cost in the purchase of the system.

The last significant terminal is the CRT terminal. A CRT terminal is a CRT dis-
play equipped with a keyboard input. For efficient business use, the consensus
is that minimal specifications for the CRT display are a 12" diagonal dimension,

The keyboard should be ofand 24 lines of 80 characters, upper and lower case.
good mechanical quality and should be a full business-type keyboard with separate
keys for digits and for control functions on the screen such as scrolling (moving
lines up or down) addressing the cursor and moving it. Although new low cost CRT
terminals have become available, the reliability compatible with business use still
requires a significant expenditure.

Finally, the memory of the system should have a minimum size of 32K bytes, and
preferably 48K or more. The memory is no longer expensive, and is usually one of
the least expensive components of the system.

Having now presented the minimum configuration of required hardware, let us address
one of the most significant topics: software.

The Software.

The software refers to all the programs necessary to make efficient use of the set
of hardware resources we have just described. At this time, no complete business
software facility exists for microcomputers!

Partial implementations exist and a number of simple packages are now available
which will perform, usually separately, payroll, accounts receivable, general ledger,
and other functions. However, the crucial task of simultaneous file management
and sequential activation of selected programs is, as yet, not implemented. Such
software solves business problems individually, but does not provide the comprehensive
facility needed for the efficient use of the hardware resources. As an example,
the user might have to enter a sale transaction by typing all the data. He might
next have to re-enter the data relative to the items being purchased in order to
check his inventory. Other data might still have to be re-entered to update the
accounts receivable, while other data may still have to be re-entered to update
other files or activate other programs. Good comprehensive software is simply not
yet available. As a result, all these beautiful hardware microcomputers do have

Inthe capability of solving all the business problems that are advertised.
practice, they cannot. Not yet.
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Is. this a fraud? Current software available for microcomputers makes them capable ofsolving a large number of tasks common]Y associated with business accounting andbookkeeping, Are these benefits worthwhile? Because of the limitation in theautomatic file handling capability of most of these programs, the computerizationof these tasks may not result in any sav.ings in terms of personnel.of data for computer use tends to be longer and more complex than the manual
The entry

typing of invoices or filling out of conventional forms. This is because a numberof extra fields are required, and the entry format is highly structured. As aresult in most small companies,
than less: computerization might require somewhat more Manpower

In addition, the possible unreliability of hardware and software components mightresult in catastrophic system breakdown. Every small business owner will fully realizethe consequences of having a computer "down" at the time that Payroll checks shouldbe generated, especially when the data
which has been wiped out because of " accidental " error.

needed has been saved on a single disk file

These drawbacks are real. However, let us consider now the real advantages withinthe acknowledged limitations and deficiencies of existing systems.
The Real Advantages

The real value of contemporary microcomputer systems with their limited software liesin two areas: management education, and future savings. Let us explore these twopoints.

Every user of new and complex machinery must spend a significant period of time tolearn the skills necessary to evaluate it and control it. As an example, anydriver must spend an appreciable amount of time learning how to control a car. Thereis therefore considered highly advisable to practice the used or the low cost car ratherthan the expensive new one the first time around. The same is applicable to microcom-
puters. With the introduction of computers in a business, a phenomenon known as com-
puter shock occurs. The radical change of procedures required by computer programsoften causes personnel to leave, rebel, or otherwise lose their efficiency. Similarly,catastrophic initial failures are likely to occur in the form of data being wiped outor not being produced at the right time. However, because of the limited cost of
microcomputers today, a heretofore unknown opportunity exists for the business ownerto familiarize himself and his employees at minimal cost with this new technique. The
business owner can now learn to "drive his own computer" and still derive some businessbenefits from it. By learning to use individual business packages, he will familiarizehimself and his employees with the requirements of computerization. After a periodof one or more years, he will become familiar with the file structures that his specificbusiness truly requires as well as with the hardware capabilities that his next computer
system should really have. In short, microcomputers offer for the first time the op-
portunity to learn computers by doing. The businessman will learn the specifictechnical capabilities that his next system should have by practicing on the first one.
In addition, there is a possible financial advantage if some business benefits occur.
After the initial loss of efficiency traditionally associated with the introduction of
the computer, a significant amount of efficiency might be regained if the business
expands and if repetitive operations occur. Once computerized, one subsystem is
generally capable of handling a very large number of transactions with the same pattern.
Less skilled employees then can be used, or rather any single employee should be able
to handle a lot more business since the processing of data itself would be done
automatically. In addition, at the cost of hiring a programmer, this business should
have the capability of finally adapting the business packages to the specific re-
quirements later and possibly completing the initial business packages with the requiredfile automation capabilities it needs. Provided that this additional software invest-
ment is made, the system might become a truly functional highly efficient business
automation system. However, in such a case a software investment is likely to be
many times more significant than the hardware investment.
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In summary, microcomputers today offer the capability to learn business computerization
In addition, they have the potential in specific situations to bringat a modest cost. Finallymodest or sometimes significant savings in the case of business expansion.xistent before.

they may be able to supply business capabilities which were simply not e
by them-Specific examples are management reports, sales analyses or statistics which
A goodselves may have a value superior to the entire purchase cost of the system.

mail list system might for example have a marketing value far superior to the several
For these reasons, current microcomputersthousand dollars that the system did cost.

are likely, to pay for themselves several times over in direct business benefits as
well as education for the business owner. They are far from having attained yet the
true business automation capabilities which larger computers have demonstrated so far,

Theand should not be presented as such. Business microcomputers are a reality.
realistic evaluation of their limitations is also a necessity.
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THE ECONOMICS OF PURCHASING A SMALL COMPUTER
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Abstract
This paper describes a systematic metho-

8. Choose a system.

Just a note, when I refer to a "system,"
dology for establishing the cost effectiveness I am referring to any combination of equipment,

and personnelof converting various manual systems to a small orms, procedures required to
computer system. It attempts to point out the
usual pitfalls, and suggests procedures which
minimize the chances of failure.
Introduction

For nearly a decade, I have watched com-
puters develop from the massive transistorized
monsters of the mid-60's into the compact ele-
gant micro-processors of today. In the pro-
cess, I have been intrigued to observe that
one thing we learn about history is that we
don't learn anything from history. I hope
that today, what I have to say will be a basis
upon which some of you can successfully build,
avoiding the repetition of history.

This presentation is primarily aimed at
the small businessman who may or may not have
any experience with data-processing. Even so,
the programmer, systems designer, and hardware
vendor may benefit from an overview of the pro-
cess involved in successfully choosing and
implementing a data-processing system.

What does it take? The basic process is
relatively simple.

Define the applications. Identify
potential areas where the computer
may help you be more effective.

2. Describe the present system. Dis-
cover what you are doing NOW and WHY.

3. Calculate the present cost. Calcu-
late what it is costing you to do it
on a per unit basis.

Make future projections. Define
where you would like to be in 2 to 5

years.

5. Define your requirements. Bstimate
the system specifications.
Shop around. Select two or three
systems - manual and/or computer -
which might do the job.

Calculate the costs/benefits. Calcu-
late the costs - initial and ongoing.
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accomplish an isolatable task in coordination
with other tasks with which it must interface.
When I refer to "computer," I am referring spe-
cifically to the electronic gadgetry used to
manipulate data.

This process does not end with the choice
of a system. At that point, the process is
barely begun. The next, and perhaps most cru-
cial phase is the implementation of the system.
That is the topic of another paper.

Let's explore each of these areas indepth.

I. Define the Application

Computers cannot, contrary to popular be-
lief, do all things. In fact, they are limited
in their effectiveness to a relatively small
number of functions. That brings us to the first
common misconception. It may seem trite, but
its psychological impact on management and em-
ployees cannot be underestimated.

FALLACY #1.- A company is "computerized.
False. Specific tasks/functions within a com-
pany are facilitated through the use of elec-
tronic data-processing equipment.

You will still need people. At the heart
of every successful business is making the peo-
ple who work for you more effective through the
use of capital invested in equipment. The same
is true for computers. They, in and of them-
selves do not replace people. They facilitate
the performance of tasks by individuals in the
company, increasing their productivity. In
many instances, the computer will free the pre-
sent employees from tedious and time-consuming
tasks to be more effective in the areas they
excell, in the tasks for which they were hired.

Again, computers do not make decisions,
people do. The subtle danger in talking about
computerizing a company is that management be-
gins to expect that it can abrogate its respon-
sibility for making decisions, for taking the
risk and responsibility for the future profit-
ability of the operation. They blame the com-

puter for a drop in sales, product quality or
loss of profitability. The computer must be
seen, just as any other investment, as a tool
to make the individuals in the company more
effective.

What CAN computers do?

1.

4.

6.

7.
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The strength of a computer lies in that
it is capable of performing a pre-defined set
of operations on specific data with speed and
precision.

In practical terms, this means that a
computer is particularly well suited to tasks
which:

1) Are well defined and
2) Involve a) the transcription of large

quantities of information, or b) cal-
culations.

The most successful small business appli-
cations of computers have been in the areas of
subscription/name list management, inventory
control, accounting, billing/invoicing/receipt-
ing. Recently, word-processing, data-collec-
tion and electronic mail have been growing
areas of application.

More sophisticated applications include
scheduling, cost analysis, modeling and pro-
jections, and marketing analysis. These in
general require a very sophisticated user work~
ing with a team of specialists who can inter-
pret and explain the results, and their limi-
tations.
Ii. Describe the Present Situation

People are like frogs. In junior highschool biology there is an experiment in which
the students take a frog in a pan of water.
Slowly, the water is heated until over the
period of the class, the frog is cooked alive.
And it never even noticed.

Procedures are like that. When first
written, they may have been followed reli-
giously, but with time, little changes here
and there take place. Individuals do thingsdifferently. When personnel changes take
place, even in large, well-supervised compan-ies, procedures change unnoticed. Before you
know it, your frog is cooked. That brings usto

FALLACY #2 - We know what we are doing.Don't bet on it.
Having identified the areas in which the

computer may have application, take a goodhard look at them. It is sometimes good to
have someone from the outside who knows nothingabout YOUR particular operation take a look at
what you are doing. This should start with asession with the company Management to dis-cover what management thinks is being done,the reasons why, and the methods. With the
long-range perspective of management, the an-alyst can sit down with the personnel actuallyinvolved in the day~to-day operation of the
present system and discover what they are do-ing. Finally, the analyst can take a look atthe procedure manuals to see what they were
Supposed to do. Freedom from the preconceivednotions of what is/has been allows objectivityin describing the present situation.At this point, there are three thingswhich it is crucial to establish:

1) How decisions about various situationsare made.
2) Problems from the past, and how they

have been handled.
3) The ultimate use/purpose for which the

the task is being performed.
Unless the process of how decisions are

made at each step of the present system can be
unambiguously defined, it will be impossible to
computerize the system. An extension of the
second law of thermodynamics (the universe is
tending toward chaos) is that every system,
given sufficient time, wiil develop more excep-
tions than rules. Understanding, end having on
paper the actual processes and exceptions willfacilitate the design of a more comprehensive
system in which there are no exceptions. The
essence of efficient productive systems is a
hard line on exceptions.

Problems of the past are in reality situa-
tions which the original system designer failed
to take into account. If they occur more than
once, they are usually institutionalized as
exceptions. Recurring problems may indicate
that the reasons for the original system have
considerably changed. It may be a dinosoar be-
wildered in the concrete jungle of the present.

Why are we doing this? That questionisn't asked enough. Without a clear understand-
ing of the purpose or goal of a specific task,it is impossible to redesign the system in terms
of a computer. There is no basis for making a
decision about how a new problem is to be han-
dled. At best, the computer can mimic or imi-
tate the present system. In that case, it is
unlikely that it will make the people involved
any more productive. Nor will it solve the
current problems or exceptions. It will simply
be trading salary dollars for equipment dollars.
And even at that, it may not be a trade, but a
sum.

Let me illustrate this. In the area of
subscription lists, the Addressograph plate
system was very popular until recently. (In
fact, several companies continue to use it with
mailing lists of several hundred thousand names.
In attempting to make the switch to computers,
the easiest thing was to create a program whichlet the user continue to view the world as ifit were made of Addressograph plates. These
programs are often referred to as "laundrylist" programs. One company I worked for had
a relatively sophisticated, though outwardly
simple looking system which they wanted to com-
puterize. Two "laundry list" type service
bureaus tried and failed. Their programs could
mimic the manual system, but could not fulfill
the marketing demands of the system.

Once the system as it exists has been
thoroughly described, and written up, it is
time to sit down and place a value on each of
the outputs of the system. What is each worth?
What do you really need to know? What are youwilling to pay for it? Why is this important?This begins to establish a context in which thevalue of various tradeoffs can be compared to
the cost of implementing them.

You are now ready to begin collecting some
hard data.
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III. Calculate the Present Cost

This is something which is often over-
looked. A basic underlying assumption upon
which many small businesses seem to operate
is that computers are always cheaper than
manual systems.

FALLACY #3 - Computers are cheaper than
manual systems. In the right situation, with
the right equipment, and the right software
in an integrated system, mayhe yes.

Particularly if the wrong computer/system
is chosen, it can cost far more than the cor-
responding manual system. For a while, I
worked swing shift as an IBM S/3 operator for
a company which thought that a computer would
save them money. They hadn't done their home-
work. Two years later, they sold the machine
and went back to their old service bureau (I
believe). The wrong system spelled disaster.

Crosby has said that "the only practical
management objective is improvement. This
applies to computers, manual systems, in fact
every aspect of a business. The only way that
is is possible to measure improvement is by
having a thoroughly established baseline from
which to measure the impact of changes.

Another reason for calculating cost is
that the ultimate goal of a profit-making in-
dustry is to optimize the productivity of
every dollar placed into the company - from
sales or by investors. Unless a base-line is
established, there is no way to measure re-
turn. So, calculate the cost.

In most operations, there are
of costs involved:

three kinds

1) capital or initial set-up costs.
2) run set-up costs.
3) per unit costs.

that,
is large,

The advantage of computers is
though the initial capital outlay
the per unit costs are very low. Hence, the
overall unit cost is less than in similar
situations. Manual systems on the otherhand
have the advantage that they usually require
little initial out-lay though they have con-
siderably higher per unit costs.

The net result of this is that computers
tend to be more effective in high volume pro-
cesses, while manual systems are more effec-
tive in low volume processes. In any case,
let's look at what it is presently costing
to do the job.

The most crucial aspect of costing is to
make sure that everything is included.

As the processes involved become more
efficient, and the individuals more produc-
tive, it may be possible to reallocate some

of them to other tasks. With that in mind,
it is essential that overhead which is allo-
cated against each individual be taken into
account. So, included in the hourly rate of
the individual should be benefits, manager-
ial overhead, utilities, insurance, and any
other services which the company does not
directly allocate to its products/processes.
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Secondly, it is important to include such things
as an allocation for floorspace and interdepart-
mental services. These may seem like small
things, but a lot of small things can add up to
quite a bit of money - 10% to 30% of the total
costs! Note, if these items have already been
included in overhead applied to the employee,it may be well to break parts of them out, es-
pecially if they may change with the computer
system.

Third, establish a useful unit of produc-
tion. This might be, in the case of accounting,
the number of journal entries completed, or the
number of invoices created, etc.

Fourth, establish/estimate the total unit
cost - everything included.

Finally, estimate what it would cost, at
today's prices to set up the system as it now
stands.

From this you have a basis for understand-
ing the capital costs involved in the present
system, as well as the unit costs (amortizing
the per=run setup across the unit costs).

Iv. Make Future Projections

Choosing a system is like marriage - you're
stuck with if for the forseeable future (though
that used to be more true than it is today.)
So choose with caution, and with an eye to the
future. Something which just fits today, may
be too small tomorrow. And if expansion can
only occur in quantum leaps, that can spell
disaster.

FALLACY #4 - "Our system is continuously
upward expandable. That may be true, but it
is unlikely that expansion will be anything
like continuous. It will cost in significant
chunks of money.

Furthermore, if the origianl system was
not designed and chosen so that it could expand,
it may require the conversion to an entirely new
and different system. That is an unthinkably
costly option.

FALLACY #5 - This is only an interim sy-
stem. I have never in my experience seen an
interim" system. Systems always become per-
manent until .forced to change.

As you choose, it must be with the aware-
ness and committment that this system is for-
ever, and then: set up regular times to evaluate.
Another danger in approaching this in a fickle
er flirting manner is that you will fail to
learn from your mistakes. All systems, regard-
less of how well designed, will have flaws.
Any. system that you implement should include
a monthly evaluation of the effectiveness of
the system for six months after installation,
and every six months for the year beyond that.
In those evaluation periods, it is possible to
iron out the new problems/situations which have
occurred. Continuous change invittés a host of
new difficulties, which will never be solved.

All of that to say that it is crucial to
think about the future. And to plan with a
solid five year committment to whatever system
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is chosen. Computer stores can also be helpful. Many
What should you include in thinking about of them are run by computer enthusiasts/experi-

the future? Projected product volume, new menters who have decided to go into business.
government regulations/reporting requirements They are learning about business, as well as
which you might foresee, anticipated expan- very knowledgeable about the equipment they are

which is beyond the present capability of the to look for:
system (or in some cases, the elimination of
certain kinds of managerial reporting), mar- * Who will service it? If I need some spe-

sion/termination of all or part of the ser- selling.
vices/products involved, managerial reporting As you look around, here are some things

keting potential of the information contained cial equipment attached (ex: a specialin the processes involved, and so on. printer or diskette drive), who will ser-
Write all of these things down, and at- vice the interface? Are maintenance

tempt to estimate a value to you and the com- agreements available?

years, and in many cases, more than two years be tailored to my needs? Does the store
ahead. However, do it for as far ahead as stand behind its software? (Beware of
possible. packages which are everything to every-

one. They are usually everything to no-

p

With the growing rate of change and un- * Who will program it? Does the store have
certainty, it is hardly possible to think in packages which appear to meet my needs?detail about much more than the next five Is the source available so that it can

Vv. Define Your Requirements one.)
This step is a way of formalizing every- * How usable is the software? What happensthing which has gone on to this point. It if the person makes an error? Can it beintegrates the various areas in which the corrected? Does the system crash? (The

computer might be used into a composite, and problem with software is usually not howdefines the acceptable parameters in which it difficult it is to use when it works pro-must operate. perly, but what to do when somethingHere are some things to consider: goes wrong!)
* How much storage will each of the items * Will the system meet my needs two yearstake? What is the total storage re- from now? Five years from now? Whatwill it.cost to make those expansions/quirements?
* How many people will need to access the
information at a single time? At any

wait?

additions?
time? * What happens to my data if the system* What does the response need to be? How crashes? Are there ways to "backup" thelong should each person be willing to data?

* How reliable must the system be? Can I * What kinds of power fail/conditioning isafford to be without the computer for 1 available? (In most cities, powerlinesday? 1 week? are subject to aperiodic surges/transients* How much printing will I need to do? which can ruin, or at least cause a piece
* How will I backup the information?
20,000 names weekly? 100 lines a day? of equipment to momentarily malfunction.If the application is critical, that canWhat will I do in the event of catas-
trophic destruction of the equipment?

be costly.)
does that matter? *

* What will these things look like in two
years? Five years?

What special forms/supplies does it re-
quire? How campatible is it with other
systems? Can it handle the volume of
information I have. (Beware: Because a
system can handle a list of 2,000 names
almost instantaneously does not mean it
can handle 20,000 in ten times as long.Most processing times are NOT linear.
They (from experience) appear to be at
best quadratic, at worst exponential.)

Out of this should begin to grow a clear
picture of precisely what kind of equipmentis needed. It is possible to begin to lookat various types of equipment, and do some
preliminary system design.
VI. Shop Around

what your friends haye done. Just as thiscan be very helpful, it can be equally dis-asterous - they may have made all the mis-takes you are trying to avoid.

(Go talk to th
to How the components break down?select piece Who else has one?

Armed with answers to those questions, youwill probably be able to do a good job. of select-
ing two or three systems which might work for
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you.
However, do not limit yourself to a com-

puterized system. There are lots of excel-
lent manual systems around, and it may be that
reworking the present system, changing dis-
count structures, or similar can make the
present system far more cost-effective and
productive than any computer system could
ever be.

vit. Calculate the Costs/Benefits

This is essentially the same as step III
above, however, it includes the following:
Preliminary design of the system tailored to
each piece of hardware/software, and an esti-
mate of the additional cost of implementing
and operating each of the new features not in
the present system.

Here are the steps which must be taken:
First, outline a procedure manual, com-

plete with sketches of forms, paper flow dia-
grams, decision tables (or whatever you feel
comfortable with to describe what to do given
various conditions). Make special note of
how the computer will be a part of this.

Second, estimate the costs. Think through
every item of cost, just as in step III above,
required to produce the product. Also esti-
mate all of the capital costs involved, in-
cluding programming. (A word on programming.
Professionals should usually be able to give
you a good estimate of what iw will take to
solve your problem. However, more often
than not, they will underestimate the com-
plexity of the problem and the time to solve
it by a factor of two or more. It is proba-
bly wise to double whatever they give you,
unless you can carefully spec out what you
want them to do, and get them to do it ona
fixed price basis.)

Third, estimate the costs of any new fea-
tures in the system. This is essential in
order to maintain the same baseline as the
current system.

Finally, compute the
of the proposed systems.
this, make a list of the
hazards/disadvantages of each system which
cannot be quantified easily. These should
include adaptability to new situations, spe-
cial software or support which is available,
special difficulties which might be foreseen.

The homework is done. It is time for
decision.

unit costs of each
In addition to

unique benefits/

VIII. Choose A System

a Management perogative. If
been helping with the project,

they may be consulted, but you will be the
one who has to live with the decision. You
had better make sure that it is one you can
live and thrive with.

Though there has been a lot of emphasis
placed on the costs of the various aspects
of the system, cost is not the only factor.

This is
others have
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Ultimately, there may be other over-riding con-
cerns which have far more weight than the dif-
ference of a fraction of a percent in cost.
This though must be recognized: unless the
costs can be kept within certain bounds, your
products will not be competitive.

A further consideration as you look at the
costs - capital, present unit costs, and pro-
jected 2/5 year unit costs - there are tradeoffs
between spending a little more now, to be able
to do it much more cheaply later. This may
have an impact on marketing and other aspects of
the company. This kind of highly intermeshed
effect can only be evaluated by top management.

Once you have tentatively made a decision,
sit on it for a week. Then come back and look
at it. If it is still good, and you still
agree with your reasons, move ahead. (Note -

it. is invaluable as you think through the deci-
sion alone, or with others to record it in writ-
ing or on tape. This will give you something to
look back on when evaluating the system in three
er four years.) As you move ahead, plan to
stick with it for 3-5 years.

Conclusion

With the increasing availability of cheap
hardware, computers are more viable for small
business applications than ever before. Choos-
ing the right equipment and software involves:

1) Defining your applications
2) Describing the present situation
3) Calculating the present cost
4) Making future projections
5) Defining the requirements of the sy-

stem
Shopping around
Calculating the costs/benefits of the
proposed systems and

8) Choosing the system.
Following this procedure will not guaren-

tee success, but it will help.

6)
7)

1978 November 3-5 + Los Angeles, California



166 1978 November 3-5 + + + Los Angeles, California

IMPLEMENTING A SMALL COMPUTER SYSTEM

Casimir C. "Casey" Klimasauskas
295 N. Los Robles #305, Pasadena, CA 91101

(213) 440-1585

Abstract I. Planning

Selecting a small business system is The crux of managing anything is thoroughhighly dependent upon the needs and economics planning. Planning should include a detailedof the present and future situation. The im- description of when significant events should
plementation of the system chosen is primar- happen, how much it should cost for them toily a management task. To be effective re- happen, and at least a sketch of backup plansquires a thorough understanding of the poten- in case critical milestones are not met (includ-tial pitfalls as well as the overall flow of ing the additional costs expected).the process. The key to success is antici- The primary purpose of planning is to es-

Purther-pating as many of the problems as possible tablish a means of measuring progress.and solving them before they happen. more, the more detailed the planning, the morerealistic the goals and schedules are likely to
be.Introduction We all like to win, and planning is the
place to start.

Once the decision has been made, and a Several excellent tools for planning have
system chosen which includes a small compu- been developed. I would like to suggest twoter, the key to success is management. The which many of you are likely to be familiartwo primary pitfalls which occur at this with: The Gantt Chart and the PERT chart.time are There are several readily available readable1) Fear of the computer as a rather my- books which describe both of these methods. andsterious machine capable of wonders variations of them.untold. This inevitably results in The most overlooked aspect of planning inbeing sold a bill of goods by both small computer systems, is the failure to de-software and hardware vendors. It velop, as part of the plan, specific times foralso creates the unwarranted expec- review, and criteria for the acceptance of thetation that because it is a computer, work/equipment received to date. It reallyit can do ALL that computers do. comes down to the failure to make quality con-2) Failure to grasp the complexity of trol a part of the plan. Do not be deceived,the implementation task. Oversim- quality control in the implementation of anplications lead to unrealistic goals, operational system is as important or more im-impossible schedules, undue haste, portant than quality control in the productionunnecessary waste and ultimately, and distribution of manufactured goods/services.failure. "To fail to plan is to plan to fail."This presentation attempts to describe Plan to be a winner. Plan.the major phases of the implementation of a
computer system, and in the process to high- II. Hardware Installationlight some of the common pitfalls which oc-cur. In so doing, I hope that you will gain You have signed the purchase agreement.a sense of confidence in approaching a com- The manufacturer has agreed to deliver a spe~puterized system, as well as an overview of cific piece of hardware. You are now the proudthe complexities involved. owner of a child about to be born. Over theThe major phases of the implementation of next weeks and months, you will have the privi-a system are: lege of nurturing this babe through the valleysof chaos and rivers of pressure to a useful,1) PLANNING functioning, mature adult.2) HARDWARD installation

3) However, health requires proper pre-natalSOFTWARE development/customization care. The place to start is the contract with4) SECURITY measures the manufacturer. Here are some things to5) the HUMAN connection - conversion look for and beware of:6) MANAGEMENT of the new system First, hardware vendors, though they mayclaim things for their system, are not liableIn practice two or more of these will for the performance of the finished system. Aoccur concurrently. -However, for ease of recent landmark decision held the software ven-presentation, we will consider them sequen- dor responsible. Regardless, the situation istially. not clear. Working with small systems, you are
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likely to have little recourse given failure. increased density means closer tolerances. In

situation, evaluating the ability of face as the size of a piece of dust, and 1/5th
the hardware and software to perform the size of a particle of smoke. The room
the tasks you require with a toler- housing the equipment should be kept as dust-
able response time. Hardware vendors free as possible. And no smoking. (I should

Your best bet is to: fact, it is not untypical for the record/play
1) Have a competent analyst study your head to be 1/100th the distance from the sur-

tend to consistently underestimate note that manufacturers attempt to include de-
the complexity and magnitude of a vices within the equipment to keep dust and
task.

2) Talk to other customers who have ap- the equipment is severely reduced by dusty or
plications similar to your own. The smoky environments.)
real proof of anything is in its per-

smoke out, even so, the life and reliability of

formance.
You may be able to get a manufacturer to

agree to a certain level of performance of The real problems with a computer are not
the equipment. If they are unable to pro- when things are going right, but what to do when
duce, it could ruin your company. Legal re- they go wrong. It may be possible for a $2.85/
course is useless if you are no longer in hr. clerk to enter information into the system,
business, but it may take a $28.50/hr expert to fix it

Second, computers though small are re- when they type a wrong code. A key to the suc-
markably complex machines. So complex in cessful operation of the system will be well-
fact, that even their designers sometimes designed, user-oriented, idiot-proof, debugged
are unable to understand why a particular software.
Machine may fail in a particular way. I User-oriented. Most of the people who

III. Software Development

worked on a system which was technically in- program computers do not use the programs they
operative for six months. Teams of special- write. In one system on which I have worked,
ists from across the country studied the pro- one of the most powerful, sophisticated pro-
blem without success. Finally in a drastic grams on the system was set of routines for de-
move they began replacing entire racks of bugging system programs. As the manager of a
components at an unthinkable cost. The moral small system, it is your task to make sure that
of this is: computers need lots of tender you have worked through the specifications for
loving care. the mode of input, update and output which in-

The first place to begin is with the terface well with you and your people. Some

source of power. Though many come with power things to look for:
fail-safe features already built in, few are
able to cope with massive power surges caused * The ability to go back and edit/correct
by switching large inductive loads (motors) the current item/record before releas-
on and off. The power line, even for a small ing it to the system.
desk-top computer should be isolated from * Any codes which may appear in the data
other power lines which are susceptible to should be displayed in an easily under-
power surges. Power conditioning units may standable manner.
also be helpful in stabalizing the operation * It should be possible to enter data in
of the equipment. It takes only one large a natural sequence. User convience is
surge to destroy a small system (or a large where the long-term payoff is, not pro-
one!). grammer convenience.

It may not appear like much, but static * Input should be in as free a format as.
charges also wreak havoc with small compu- possible. Severe constraints to speci-
ters. Plastic soles on nylon carpeting have fic columns and/or sequences are an in-
been known to do a very thorough job of imi- vitation to errors.
tating lightening striking the machine. The ® If possible, the user should have some

room in which the computer is housed should immediate feedback as to the gross va-
have tile floors, or special conductive car- lidity of the information just entered.

peting. Furniture should be made of wod or (You would be surprised how much dif-
metal. No acrylic or similar plastics. A ference a keyboard which "clicks" can

further precaution is to run grounding wires make over a silent one: )

play the information to be modified as
well as the new information. On-line
interaction is far more costly than a
batch-oriented service bureau if it is
not possible to instantaneously vali-
date the new information. For quality

explicitly between the various peripherals Update routines should be able to dis-
and the central processing unit to a common

ground point which is connected to a nearby
global ground.

Finally, dust and smoke can absolutely
ruin a system. Many small systems today are
economically viable because of the spectacu-
lar advances in magnetic recording density. control purposes, these routines should

Disk drives today are able to store 100 times include the ability to maintain a log
as much information in virtually the same of the changes which areor journal
amount of space as a decade ago. However, made.
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Idiot-proof. As I mentioned earlier, the
problem with a computer comes not when every~
thing is working properly, but when something
goes wrong. If keying a letter where there
should be a digit causes the program to abort,
the program is useless. Programs should be
designed with the resilience to allow the
user to make the most hideous of mistakes,
and patiently to note the error prompting for
a re-input of the faulty data. In a similar
vein, batch oriented programs should have the
ability to attempt to interpret the intention
of the user, and if at all possible to con-
tinue processing, at least through the ini-tial input stages. Furthermore, the more
explicit and self-explanatory the diagnostics
are, the easier and more accurately semi-
skilled personnel will be able to correct the
problems.It costs money and system resources to
idiot-proof a program. However, I am con-
vinced that it is worth the cost. The pur-
pose of the computer is to make the person-
nel using it more effective. It is to be a
servant to them, not an exacting task-master.

Debugged. For most programmers, the two
least liked and most ignored tasks are de-
bugging and documentatian. Perhaps it is the
premodona complex which develops from being
a master of what to most management is a
black art, which gives programmers the feel-
ing that whatever they code is intrinsicallycorrect. At this point, the management pro-
verb, "it is not what you expect that matters,but what you inspect" applies.It is not enough to specify that the sy-stem should be debugged. You as the manager
should make sure that a significant body of
test data has been run through the system,
and the results checked. Moreover, the test
data should be designed to place the system

tion/executions of the program. In summary,
you need a roadmap or repair manual which a
competent analyst could study and use to en-
hance/maintain the system.

Well-designed. Software theorists and
large-system builders are claiming amazing im-
provements in programmer productivity through
the use of high-level languages and various
programming methods, particularly "structured
programming. To an extent, their claims are
valid. However, they are usually in the con-
text of a very large system with resources to
squander. Unfortunately, in the small-computer
realm, resources are generally very limited.
The result is that a balance is required between
response time of the system/program size and
the level and methods of programming used.
many ways, given that you have carefully de-
fined the information you need, and the ways
you will use it, the system should last for 5-
10 years. With that you can afford to put more
into the development of an efficient system
than to pay for it in the long-term production
use of the system.

Furthermore, some things are not only done
more efficiently at the level of machine lang-
uage, they are more easily implemented at that
level. Generally, a well-designed system will
utilize a core of well-designed machine level
routines tied together with a high-level main
program.

How do you make those decisions? It's
tough. The best advice I can give is to sug-
gest that you find a skilled analyst/programmer
who has had experience at all levels of pro-
gramming on your particular system. It will

In

be expensive, but worth the cost given your long
term committment to the system. Ultimately, it
comes down to trading capital now for returnslater.

In managing the creativity of programmers
and selecting among software vendors, there are
two tendencies which are danger signals. Theyare the "octopus syndrome" and the "all thingsto all men syndrome. Both of them indicate afailure to understand your needs, and spell
unnecessary cost, complexity and confusion.

The octopus syndrome characterizes systemswhich do all kinds of interesting things, but
have difficulty performing the task for which
they were designed. These are often charac-terized by a pleothera of input/output/process-
ing options which have no apparent relevance
to the primary purpose of the program. It islike management: unless it continues to con-
centrate and eliminate, it will tend towarddiffuse ineffectiveness.

The all things to all men syndrome is abit more subtle. In many ways it will be sim-ilar to the octopus syndrom in that the user
has an abundance of options. However, all of
them are required to make the system work.
None are optional. It takes a skilled expertto achieve even the simplest results.

Neither of these problems are fatal, justcostly.

into every conceivable failure mode - because
one of them will inevitably occur at just the
wrong time.

In dealing with software vendors, ask
them for customers similar to yourself whom
you can talk to. Find out from them about
the kinds of problems they have had with the
software. Regardless of how attractive the
package may look, if problems have been per-sistent, beware.

One final word. Regardless of how thor-
ough you are in attempting to make sure that
the system is flawless, the perfect programdoes not exist, Users have a way of concoct-
ing input capable of placing a program intostates never conceived of by the designer.
Expect and plan for this.

Docimented. If you are hiring the pro~
gramming of the system, or purchasing the
package from a company dubious long-termstability, insist on thorough documentation.This should include listings of the programs,written descriptions of the philosophy be-hind specific alternatives for implementa-tion, the overall flow of the system, inter-face with other programs, and sample compila-
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Iv. Security
The three aspects of security are:

cess, data integrity, and catastrophy.
Access. Though the computer will be an

in-house phenomena, it is crucial that there
be methods of keeping both authorized and un-
authorized users off the system when they are
not supposed to be on the system. The com-
puter-related theft in the U.S. is reported
at about $2 billion annually. Some experts
estimate that it actually runs $20 billion
or more. The most distressing aspect of this
is that most of it is by "trusted employees."

Access can be controlled through software,
by passwords and the like. Perhaps the two
best controls are: First, the ability to
physically secure the equipment from employee
access during off hours. Though somewhat
severe, a small company cannot afford the
potential disaster which can result from un-
authorized access. (In fact, large compan-
ies cannot afford it either!) Second, the
system can be designed with a series of built-
in audits which trace all accesses to the
data on hard-copy. This tied to independent
spot surveys of transactions and key elements
of the data can provide a deterrent to un-
authorized use.

Intergrity of the data. We have touched
on this to an extent in the discussion of
hardware. In most cases, the information con-
tained in the computer will be vital to the
operation and success of the business. It is
dangerous to leave all your eggs in that one
basket without a backup plan. The system
should have designed into it the ability to
make a copy of all of the data stored within
it after every major update. This copy of
the data should be stored in a secure place
offsite. Included with the data should be a
thorough description of the configuration in
which it is used, as well as all of the source
and object files required to operate.

In the event of a major hardware failure,
the inadvertant crashing of a disk-head into
the recording surface, at most one or two
days of work will be lost. With this in
mind, procedures should be developed as part
of the everyday work-flow which hold trans-
actions until the next backup is performed.
The value of these procedures or the cost of
their absence ultimately becomes apparent
when it is too late.

Catastrophy. It is hard to get insur-
ance agents to protect you from "acts of God."
However, there are a number of common sense
things you can do to minimize your liability.
All of them extend the concept of backing up
the data so that other systems can be used.
The best way to protect yourself is to con-
tinually seek out other users geographically
close to you who have a similar configuration.
Then, attempt to work out a mutual aid agree-
ment, enabling you to use their equipment in
the event of a major catastrophy. Though you
may not be able to operate at the same levels

as usual, it may be enough to survive. Key to
all of this is a thoroughly integrated disaster
plan.

Vv. The Human Connection

Hardware and software do not make a system.
It takes people. Change always seems to be re-
sisted, feared, and even violently opposed.
The keys to success in change are the same as
the keys to failure. Success demands open,
honest communication; a well-defined transition
plan which give the personnel a sense of their
part in the new system; and a human system/in-
terface including "triggers" which insure that
all the tasks necessary do in fact get done.
Furthermore, running parallel systems on at
least a limited basis, making the transition
during a slow period, and keeping the new sy-
stem to the most basic elements will insure the
ultimate success of the project.

Communication. People need to be affirmed.
They want to know that they are needed and ap-
preciated. The danger of changing the status
quo lies in the insecurity and doubts it raises
in the minds of those presently working for you.
It is crucial that they understand, at the level
where they are at, precisely how the new system
will help them, and even to allow and encourage
them to have a part in designing portions of it.
Win them to your side. They are ultimately the
ones who will either make it succeed or fail -

regardless of how well designed and implemented
it may be.

Well-defined transition plan. This serves
two functions. First, it gives those affected
by it a sense of security. They know exactly
what is expected, and when it will happen.
There are no surprises. (Just as you in man-
agement don't like to be surprised, those who
work for you don't either.} Second, it gives
you a way of measuring your progress toward the
goal. Significant slips in schedule may point
to the need for major action.

Individuals usually won't put something off
till tomorrow if they can put it off until next
week. The problem with that is that management
cannot afford for it to be put off till next
week. It then becomes a point of tension.
most instances, it is possible to build "trig-
gers" into the system - constraints which in
the course of the normal processing of informa-
tion require the individual to complete speci-
fic tasks, which though seemingly peripheral to
the task, are made an integral part of it.
These can be in the form of shipping/receiving
documents, slips of paper, or other. The key
is to make the tasks which must be done as easy
to remember and perform as possible.

Parallel systems. These are very costly.
In complex systems, they are one of the few
ways it is possible to verify the proper opera~
tion of the system. It's like playing Russian
Roulette to begin using a system without a way
to thoroughly test it. In many instances, it
may be enough to run a portion of a month with
both systems, and compare the results at the

In
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end of the period. these express themselves in the form of a sche-
Slow time. I have never seen a new sy- dule which outlines particular tasks which are

stem which did not have bugs and problems to be accomplished in a particular period of
which needed to be worked out during the first time. Depending on the particular use, this
few months of operation. With that in mind, may be highly formalized or rather informal.it is the height of foolishness to make the In any event, the expectations about the equip~transition to a new system during a heavy ment must be understood by the people using it.
season of the eyar, or immediately before a Expectations are not worth much unless there iscrucial period. If prior schedules have accountability. Built into the operations of
slipped, it is likely cheaper to wait until the equipment must be methods of measuring the
the current heavy season is past than to try effectiveness of the operation. This might be

Keep it simple (KIS). Remarkable though that it must be measurable, and it must be mea-it may be, the human mind does have limita- sured.
tions. The more "new" or untested features People. They are the most valuable re-

tionate to the cube of the number of new fea- Train backup people who can cover for each other.
which is essential until it is working pro- right job makes for success. Failure to getperly and effectively. From that tested base, this match leads to ineffectiveness and frustra-
move on to implement the frills in the system. tion for everyone.

50% of-the equipment time to development per- pected yearly maintenance costs for your equip-
on your part for those who will need to inter- run by assuming that you will "save" money byface with and use the equipment in a produc- contracting for maintenance when you need it.
Most of the time will be spent in training and ces with maintenance on demand wait in line.

excellent training manuals for new employees. personnel during that time.Second, a company's most valuable resource is
barring a bad decision in the selection of a

artists than engineers. Programmers/software volves:houses who can take something written by some-

to make the switch too quickly. Haste makes expressed in terms of current backlog, turn-
waste. around time, processing volume. . . The key is

you attempt to bring up at once, the more source a company has. When you find a good per-likely you are to fail, It is my opinion son, keep them. Continually review proceduresthat the probability of failure is propor- and tasks with an eye to simplifying them.

tures. So, keep it simple. Do only that As with all management, the right person in the

Two final words on this. First, contin- Maintenance. Preventive maintenance usuallyued development during the transition stage pays off. Maintenance contracts are like insur-
ance. The rates are designed to cover the ex-will be inevitable. Plan on allocating 30-

sonnel. That will require careful planning ment. You gain little or nothing in the long

Furthermore, maintenance contracts often guaran~
tion mode. Don't expect to get a lot done
furing the first week or two of the transition.tee a response time. Those who take their chan

From another perspective, preventive main-ironing out the bugs. Though this may seem a
tenance saves money by allowing the manager thebit costly, it can more than pay for itself

by requiring each of those trained as well ability to control the down time" on the machineas the trainer to write a procedure manual in Unexpected failures will still happen, but re--
ducing their likelihood through scheduled down

the process of the training. Integrating
times facilitates the effective utilization ofthese with the original system design make

ConclusionIts people. Once you have gotten started,
programmer/software vendor, stick with them.
Programmers/software vendors are really more

Implementing a small business computer sy-stem is primarily a management problem. It in-

1) Planning
one else and maintain it are very very rare.

2) Hardware installationOnce you have an acceptable team, keep it.
3) Software development/customizationAdding more people to the staff or replacingpresent staff has been shown to be the most 4) Security measures
5) People andoperational.

ineffective and costly way to get system
and 6) Management - scheduling, people, main-

tenance.VI. Management
Though similar to management in a manufac-

turing plant, successfully dealing with a small
computer system demands an understanding of someof the pitfalls peculiar to computers.

A computer is a tool. Though very power-ful, it is just like any other major piece of
equipment. Unless it is treated as such, itcan become a useless appendage. The threeelements key to management of any capital re-source are: scheduling/performance evalua-tion, people, and maintenance.

Scheduling/performance evaluation. The
key to successful Management is goals. In re-lation to a particular piece of equipment,
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EDP PERSONNEL AS INDEPENDENT CONSULTANTS

T. Michael Flynn
President

Personal Systems Consulting
P, O, Box 20286

El Cajon, CA 92021
(714) 443-5353

Abstract:

There is a large market for microcomputer Who's buying? VDC in a survey of
hardware, software and services, Today a 1500 hobbyists found that about half of
large percentage of the market is going to microcomputer sales are to people who
retailers with little or no previous Electronic are already paid as programmers or
Data Processing (EDP) experience, There electronic engineers. It is interesting to
are thousands of EDP experienced individuals note that those who have the most to offer

the industry are a substantial part of thewho are making no contribution to the micro-
The need forcomputer industry nor are they receiving any market for the industry.

benefit from the greatest boom in computer low-cost data processing will dictate a
market place far beyond the personalhistory. As a result too many microcomputers

are being poorly implemented or are not being interest of EDP personnel and engineers.
implemented at all in applications in which The market for medical applications alone

will amount to $billions in microcomputermicrocomputers are cost effective solutions,
sales. The 1978 Mini~Micro SystemsThose most qualified to meet the challenge of

this dilemma are not participating in any market survey, polling over 42,000
subscribers, disclosed that of the 7, 800general sense, The following discussion

regards supporting EDP personnel as valid responses returned 35,000 micro-
microcomputer consultants. computers were to be purchased in 1978,

a 74% increase over 1977 in commercial
applications.

Overview:
Themajority of microcomputer sales are

What is the microcomputer explosion? being enjoyed by individual retailers who
If you are already convinced microcomputers have had little previous EDP experience, but
will become intricately involved in the function- because they have sources of supply and in
ing of society you already have the answer. every city there are people with true EDP
Please bare with some loose predictions needs who will risk a small investment,
regarding the industry. Alan Kaplan shared microcomputers are selling in staggering
some observations by his firm, Venture numbers.
Development Corporation, in the May, 1977
issue of Computer Decisions, where he stated Are not EDP> people involved in micro-
that of the 17,500 computers purchased in 1976 computer technology? If they aren't they
for home use, 4 ended up in commercial and will be. Ina U.S. Department of Labor
educational environments, VDC determined report predicting the job outlook for 1978-79,
that a $1,200 system could reach 8, 000 to it was stated that the job market for
25,000 units in just 2 years, A consumer programmers and analysts, although
system mass marketed for just under $600 negligible in 1960, will reach 500, 000 by
could reach sales of 18,000 to 55, 000 in the 1985. The job market for the same people
second year after introduction, Radio Shack reached 230, 000 in 1977. The same report
is bearing this prediction out in TRS-80 sales, stated that job definition for these same
Vantage Research projected that system sales categories would be influenced by advanced in
for units under $1,000 would reach a volume technology and the small computer boom.
of $640, 000,000 by 1982, a projection that does Analysts will focus on the needs of the small
not consider the large resulting add-on user, away from large system houses. Are
peripherals market. not EDP personnel interested in the
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opportunities afforded by microcomputers ? exposure to microcomputer techniques the
The number of sales to EDP types indicates new consultant becomes the vehicle for imple-

menting truly cognizant and functional systemsa resounding ''yes."' In the June, 1978
issue of The Institute, the IEEE discussed so badly needed throughout society. I choose
its findings in a survey sent randomly to to refer to such individuals as personal
3,000 members. Of 83 topics of primary consultants rather than ''independent'"
interest to the IEEE constituency, the consultants because consultants, typically
top 3 topics were respectively; 1) micro- high priced and specialized in their fields,
processor applications, 2) microprocessor are necessary to isolated areas of expertise

and need. The personal consultant sharessoftware design, and 3) starting and
managing an independent consulting firm. his expertise with individuals with varied
Why are not more EDP types involved needs and applications at a cost that is
in microcomputer sales? There are a transparent to the user, since such costs are
number of reasons, but high on the list absorbed in the total system price.
are 1) there are no adequat sources
of supply for professional hardware and Hardware Support:
software available outside of retail
stores 2) for those never involved in There are many high quality systems
retail, the process seems often myster- available today, but few truly versatile
ious or complicated, and 3) EDP types, systems are massed produced. The Exidy
although they consider themselves fully "Sorcerer" may be the first qualified contender
qualified for their jobs, usually do not in this category. What is required is typically;
consider their experience and training 1920 characters per screen, a proven ASCII
diverse enough to qualify as consultants. keyboard with the entire ASCII character set
Whatever the reasons the microcomputer including all control characters, lower case
market place is deprived of the benefit letters with true descenders, RS-232 serial
of thousands of man years of experience capability, a full parallel port, not just 8
and education. bi-directional lines, but 8 in, 8 out and control

lines, standard expandability which means
What's the Solution ? S-100 interfacing, memory expansion, the

capability to change languages and operating
Set up organizations that support systems easily without having to bypass fixed

enterprising EDP experienced individuals ROM, the capability to add both flexible and
as independent consultants. Such an hard disk as well as the most popular printers
organization must 1) provide profes- and specialized peripherals. The system must
sional hardware and software at be in integrated cabinentry and must be durable
attractive discounts and reasonable and attractive. The consultant must have an
retail prices, 2) provide a maintenance adequate supply of such systems and peripher-network inabling the consultant to als.
support his customers, 3) provide
comprehensive marketing assistance Software Support:
to help the consultant expose his products
and services and enjoy follow-on sales, Operating system software must be well
and 4) provide an ongoing educational documented for the end user and technically
program that enables the consultant to grow explicit for the consultant. The most popularwith the advances in the industry and the operating systems must be made available
needs of his present and future customers. for standardization and transferability. A

network of consultants could do much to deter-Definition: mine the specifications for a truly universal
operating system which could be later imple-Even though the average EDP type mented on the agreement of the user community.has years of training and experience in Flexible and versatile file handlers and datahis or her field, the average EDP type base managers must be provided, as well aswill not consider his background sufficient

to consult.
sort and merge packages and utility routines.

Considering that the vast Languages available should include a goodmajority of systems, which include disk
and printer, are sold to businesses with no

BASIC allowing the end user to learn his
system, FORTRAN for the large market itEDP support, the EDP type has much valuable attracts, COBOL for the firms embedded in

expertise to offer. With a brief but thorough that world, ASSEMBLERs for access to the
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full power of the system, PASCAL to insure Marketing Support:
that at least one decent computer science type
of language is available and perhaps APL for The consultant must be supported with a
that large special interest group. Application comprehensive marketing program affording
packages must be as general as possible him exposure to the public. He must have
providing the basic functions of any particular a solid follow-on sales program to take advan-
application. The bells and whistles can be tage of the lucrative add-on market. National,
left to the individual consultant. There must local and individual campaigns must be
be business packages, medical packages, implemented with an accurate referral program.
packages for the home, public information, These campaigns would include possible TV
libraries, industrial control and education. advertising, certainly national magazine ads,
Consultants must have access to what other radio spots, newspaper ads and individual
consultants are developing and likewise mailings.
he must have an outlet for his own products
and services that he develops to reduce Educational Support:
redundancy and save time and effort.

The consultant must have clear concise
Software has always been the greatest documentation describing particular applica-

money sink in generalized systems. tions and the products designed to meet the
Unsophisticated users do not easily accept needs of that application. This will enable

a consultant who is not familiar with the needsthis fact. Although in any given application
one firm tends to reinvent the wheel, the of medical research to intelligently discuss
need for EDP assistance will motivate those needs with an interested doctor. He

must have the market information necessaryacceptance of standard industry approaches.
to be able to traverse wide areas of differseIn such cases software costs must be

obscurred in the overall system cost or at applications.
least be minimal. For example, a business

Conclusions:package composed of payables, receivables,
ledger, inventory and payroll for the small
business should be well under $1,000. If Although the above tenets have never been
the need is legitimate, the consultant instituted in support of personal consultants,
should work via a letter of intent on a time we at PSC are taking on this challenge. We
and materials basis avoiding fixed price feel the benefits to end~users, EDP personnel
arrangements and contracts. Ifa firm and the industry as a whole will be far reaching
with a standard or common need is and in great demand, Thank you for your

consideration.resistent to the EDP procedures required
(typically because the bookkeeper is
paranoid about computers) do not attempt References:
to implement a system in that firm. They
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THE CURRENT SITUATION OF THE

JAPANESE MICROCOMPUTER MARKET & HOBBYISTS

Professor Toshiaki Yasuda
School of Telecommunication Engineering
Tokyo Denki University
2-2 Kanda-nishiki, Chiyoda, Tokyo
Japan

1. History of microcomputers in Japan. In general, the U.S. products had drawn
It was in the spring of 1973 that a much attention from 1973 through 1977, but

microcomputer was employed for the first since late in 1977 those microprocessors, mainly
time in Japan. To be more specific, it was of 4-bit one-chip type, developed by the
when two kinds of microprocessors, known Japanese makers, have come to find a large
as Intel i-4004 and i-8008, were imported market. The typical makers of such micro-
to Japan for sale. OEM showed much interest processors are as fellows:
in 1-4004 as component parts for high-class ---1) NEC
desktop electronic calculators and i-8008 *4-bit nMOS one-chip
as sequence control equipment. *4-bit CMOS one-chip

In the summer of 1973, NEC and Hitachi, *16-bit nMOS processorLtd. developed their own microprocessors and ---2) Hitachi Ltd.
put them on the domestic market. NEC devel- *4-bit nMOS one-chip
oped 4~bit and 8-bit types, while Hitachi ---3)Fujitsu Ltd.
developed a 4-bit type, and all of them were *4-bit nMOS one-chipof the PMOS type. So far as the domestic ~~-4) Sharp Co.
market is concerned, however, they failed to *4-bit nMOS one-chip
draw as much attention as Intel products. *4-bit CMOS one-shipSince around 1975, demands for micro- ---5) Toshiba Electric Co.
processors in Japan have shown rapid increase *4-bit CMOS one-chipas the import of microprocessors manufac- *12-bit nMOS processortured by U.S. makers including Intel is on ---6) Matsushita (PANASONIC Group)

have been announced in succession. Thus,in addition to their own developed micro- 3. The Japanese Microcomputer Market
also explored the possibility of manufacturing applied mainly to electronic cash registers

the increase and new products such as *4-bit nMOS one-chipi-8080A, F-8, PACE, SC/MP, M6800 and PPS-8 *16-bit nMOS processor

processors, Japanese semi-conductor makers Since 1973, microcomputers have been

such U.S. made products popular in Japan. (ECR) and automatic vending machines, and thenAs a result, they began to launch the second since 1974 to POS terminals and intelligentsource production of U.S. made products. terminals. Since 1977, they have found a
To begin with, NEC started the production of large application in overall control systemsi-B8080A and i-4040 and their family LSI and medical information systems.under agreement with Intel, and then Hitachi From early 1978 on, they have come to be usedand Fujitsu started the production of M6800 widely for color TV receiver sets, FM receiverand its family. sets, cassette tape decks, microwave ovens,

conditioners and computerized home electric
applicances which are well accepted by Japan-
ese housewives.

Microprocessors marketed in Japan in 1976
were 1,180,000 units for both domestic and U.S.

the Japanese makers engaging in second source 1977 and are estimated to exceed 4 million unitsproduction under agreement with the WS. makers in 1978. Of these microprocessors, more than

3) Rockwell PPS
Sharp Co

4) Zilog 2-80
Sharp Co,

2. Microcomputer makers in Japan.After the second source produc tion of
i-8080A and i-4040, NEC is, in principle,
continuing the production of Intel's sub-
sequent products such as the 8085 family.

electric washing machines, and household air

made products; they topped 2 million units inFollowing the Hitachi Ltd. and Fujitsu Ltd

are on the increase as shown below: 85% are system and equipment built-in computers1) Intel i-8080A
NEC, Mitsubishi Electric c., Oki

and the remainder are for use in development,evaluation, education/training and hobbies.Electric Co. and Toshiba Electric Co
2) Motorola M6800 4. The Future of the Japanese MicrocomputerHitachi Ltd. and Fujitsu Ltd. Market.

Computer hobbyists in Japan number about
50,000 as of the summer of 1978, and they are
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now on the sharp increase. At first, they
enjoyed the DIY kit TK-80 for educational
purposes which was marketed by NEC for use
with i-8080A, and then went for importedkits such as Altair 8800, IMSAI and SWTP.
In 1978, PET 2001 and TRS-80 have gained
great popularity and heavy demands are also
concentrating on the BASIC oriented personal
computers marketed by NEC, Hitachi, Matsushita
and SORD.

A forecast of what great expansion the
hobbyists or personal computers will show in
the future can be made on the basis of the
circulation of the following microcomputer-
related publications written by the author
and published by Kodansha, Ltd, the largest
publisher in Japan.

1) Introduction to My Computer
(Published in March 1977, 350,000 copies
sold).
2) How To Build My Computer
(Published in October 1977, 150,000
copies sold)
3) How To Use My Computer
(Published in April 1978, 100,000
copies sold)

From the above, it may be forecasted
that in Japan in the 1980's, demands for
personal computers such as TRS-80 and PET
2001 will be 300,000 to 500,000 units per
year, while demands for microprocessors will
top 10 million units per year. With such a
huge market as a target, NEC, for instance,
is making every effort to develop
into the world's largest microcomputer
device maker, and needless to say, this
effort is also being made by other makes.
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LEGAL ASPECTS
OF

TRADE ASSOCIATIONS IN THE RETAIL MICKOCOMPUTER INDUSTRY

Oscar A. Rosenbloom, Esq.
912 Cowper St.

Palo Alto, California 94301.
(41.5) 328-1712

There has recently been
noticeable interest and acti-
vity in the formation of trade
associations in the retail
microcomputer industry.

Among the newly formed
trade associations are the
Computer Retailers Associa-
tion (CRA), the Southern Cali-
fornia Computer Dealers'
Association (SCCDA) and the
Western Computer Dealers
Association (WCDA).

After briefly discussing
the history of trade associa-
tions generally, this paperdiscusses legal regulation of
the following trade associa-
tion activities:

(1) standard setting:
establishment of engineeringstandards for the entire
industry or any segment of it.

(2) exchanging price
information:

association sponsored
catalogs containing manufact-
urers' suggested resale prices
and/or association suggestedresale price schedules.

(3) statistical report-
ing programs

association established poolsof information regarding
members' experience with
equipment to serve as conduitfor referral of member com-
plaints and manufacturer res-
ponses.
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(4) professional designation
programs;

association operated profess-
ional designation programs
designed to move the occupa-tion of computer retailer
toward professional status.

(5) cooperative buying:
cooperative buying associations
among independent enterprises
to seek economies and
competitive advantages.

(6) agreements to limit
price competition:

express or implied agreementsto limit price competition
among association members.

The relevant provisions of
the Sherman Antitrust Act, the
Robinson Patman Act, and the
Federal Trade Commission Actwill be discussed in connection
with these activities.

The role of the Federal
Trade Commission (FTC), American
National Standards Institute
(ANSI) and the National Bureau
of Standards (NBS) will be
discussed as they relate to
trade associations.
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HOW TO CONDUCT A LOW-COST MARKET SURVEY

Donald M. Dible, The Entrepreneur Press
3422 Astoria Circle, Fairfield, Ca., 94533 (707) 422-6822

If you have a fat budget, it is a straight- whether their sown sales trends are keepingforward matter to hire a professional marketing pace with those of the rest of the industry.research organization to conduct a survey for These reports also enable participating com-
your company. If, on the other hand, your mar- panies to tell whether the overall market is
keting research funds are definitely limited, on the increase or decrease relative to the
you will be interested in the information con- performance in prior years. Thus, question-tained in this chapter. naire respondents are not only in a position

to get a fast reading on their own performance
Primary versus Secondary Marketing Research relative to the industry but on the perfor-

mance of the industry as a whole in relation
Primary marketing research consists of de- to or as compared to previous years' results.

fining your specific marketing information needs Many trade associations maintain special-
and then preparing an information-gathering cam- ized libraries at their national and regional
paign for the purpose of securing this informa- headquarters. Usually these libraries con-
tion. The campaign can be conducted through stitute the most comprehensive collections of
the form of questionnaires submitted through marketing information available within the
the mail and through interviews with customers, particular industry. Trade associations can
potential customers, and others from whom you be particularly helpful to the marketing re-
wish information. However, this approach to searcher by referring him to additional
marketing research can also prove to be quite sources of marketing information. Many trade
costly. The approach to be discussed here associations publish magazines or newsletters
deals with secondary sources of marketing in- that carry current information about condi-
formation. By secondary sources, we mean com- tions in the marketplace as well as reviews
piled studies prepared by marketing research of pending legislation that may have an ad-
agencies as opposed to primary studies pre- verse or salutary effect on market conditions.
pared to your specifications on the basis of
data gathered from sources within your speci- Stock Brokerage Firms

Let's consider the largestfied marketplace.
and most readily accessible sources of second- I'm sure you are aware of the fact that
ary marketing information. stock brokerage firms make money whenever

their customers buy or sell stocks. There-
Trade Associations fore, any information concerning a given in-

dustry that might prompt customers of the
Industry is served by literally thousands brokerage firm to buy or sell stocks in a

of business and trade associations. In the given industry would serve to produce business
bibliography that follows, you will find listed volume for the brokerage house concerned. All
two directories of trade associations. One of major brokerage houses maintain a staff of
them, the Encyclopedia of Associations, pub- marketing analysts whose job it is to study
lished by the Gale Research Company, lists al- various industries that may be on the verge
most 2,500 trade, business, and commercial or- of experiencing a significant change, either

favorable or unfavorable. Of course the bro-ganizations. In addition, there are listed
almost 800 scientific, engineering, and tech- kerage firm would recommend the purchase of
nical organizations. With few exceptions, stocks in industries whose outlook was favor-

able while at the same time they would recom-these organizations regularly produce one or
more periodicals offering in-depth coverage mend the sale of securities in industries
of marketing opportunities in their industries whose outlook was unfavorable. You may con-

tact various brokerage houses yourself in theFurthermore, most business and trade associa-
tions produce comprehensive annual surveys of hopes of securing access to their studies of
their markets. My own company is a member of the industries of interest to you. A more

One of these as- effective and efficient way of locating theseveral trade associations.
sociations sends a questionnaire every month brokerage houses that have done surveys of
soliciting detailed information on our sales your industry might be to contact your trade

association and ask if they know of any in-for the preceding month. When these question-
naires are completed and returned to the trade dustry studies that have been conducted by

brokerage houses. In preparing its indepen-association, responses are compiled and copies
dent study of your industry, the analyst forof the overall industry results are submitted

to each of the respondents. In this way, the any brokerage house would, in the process of
participating companies are able to determine conducting a thorough analysis, contact the
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trade association, thereby insuring that the ing trends among dentists" designed to measure
trade association will know of the existence the amount and source of dental supply pur-
of the study in question. chases made within that industry. This report

is concerned with dental supplies exclusively.
Local Business Organizations I think you will agree that for someone in the

business of serving the dental marketplace
such a report would be invaluable.Many local business organizations such as

chambers of commerce, banks, utilities, tele- Here's another way in which you may bene-
phone companies, newspapers, and colleges and fit significantly by tapping the business and
universities engage in varying degrees of mar- trade publications as an information source.
keting research. If a particular industry is Industry survey articles generally require
important to the financial well-being of the months of preparation and research. The first
community, you may be certain that one or more draft of an article for publication might far
of these local business organizations will have exceed the amount of space available in the

If you are actual publication. Therefore, the articlecompleted a study of this industry.
fortunate enough to be in a community served has to be cut and trimmed to fit the space
by a college where courses in marketing are of- available.
fered, you may be able to persuade a student to If in studying a business or trade publi-
undertake a study of your market as a class cation you come upon an article, a series of
project or as a research project. Many banks articles, or a full edition that is of parti-
tend to specialize in certain industries. For cular interest to you, write a letter to, or
example, the Bank of America, headquartered in get on the telephone and call, the editor or
San Francisco, is heavily involved in financing editors responsible for the preparation of
California agriculture. One of the important these articles. Invariably you will find that
sectors of the California agriculatural indus- they have gathered far more information than

The Bank of America Further-try is the wine. industry. is reflected in the printed article.
recently published a study titled "California more, editors are very much like radio an-
Wine Outlook.'' This report contained a dis- nouncers. They find themselves wondering,
cussion of distribution trends, classifications, "Is anybody out there reading what I have to
factors affecting wine sales, the outlook re- say?" Call them on the telephone or write
garding supply constraints, the import outlook, them; you will find these fellows to be most
international perspectives, forecasts, and an responsive to your inquiries. After all, you
analysis of the wine grape industry. This re- are letting them know that they have an audi-

ence,port was made available at no charge to clients
of the bank.

Government Agencies
Trade Publications

City, county, state, and federal agenciesBusiness and trade publications are among by the hundreds produce marketing information.
the most authoritative sources available of Just about the most prolific government agency
timely, specialized industrial information. preparing information of interest to marketers
Announcements of the latest commercial pro- is the U.S. Department of Commerce. As youducts, analysis of major innovations in mar- may know, the Bureau of Census is a division
keting, and discussions on manufacturing and of the Department of Commerce. Periodically,research and development activities are re- the department puts out a Census of Business.
gular editorial subjects. Invaluable market The latest edition is a nine-volume set loaded
survey and market forecast information is with exhaustively detailed information on mar-
frequently printed in these publications be- kets in the retail trade, wholesale trade, andfore it is promulgated by any other news selected services. If in your marketing sur-
medium. Meeting and convention calendars are vey you require any demographic information, Ialso commonly included as a convenience to suggest that you start with one of these ninereaders. As in any other business, there is volumes of the Census of Business, available
competition in the field of business and trade in any well-equipped library. One of the mostpublications. Those publications that. are useful guides for the analysis of statistical
most effective in serving the information needs and demographic information is Measuring Mar-of their readers enjoy the higher readership. kets, a Guide to the Use of Federal and StateOne of the ways in which trade and business Statistical Data, published by the U. S. De-publications serve their readers is through the partment of Commerce. In addition to listingannual industry survey issue. Some business hundreds of sources of statistical data avail-and trade magazine publishers bind their an- able through federal and state governments asnual industry survey separately, since maga~ well as through business, professional, andzines are customarily disposed of monthly where- institutional organizations, a number of exam-as the annual survey is intended to serve the
reader for a full year.

ples are provided in which the application ofTo give you an example Statistical market measurement is applied toof the specialized nature of some of these sur- the problems of selected small businesses inveys, consider the survey produced by the maga-zine Dental Economics.
the fields of manufacturing, wholesale-retail,Annually, Dental Eco- and service industries.nomics Magazine produces a "survey of purchas

3RD WEST COAST COMPUTER FAIRE 178 78 Nov 3-5 Loe Angeles, Cal.



Trade Shows and Exhibits

If you were to pick up a telephone and call
your competitor to find out what his marketing
plans for next year happen to be, the chances are
you would get no further than the receptionist.
On the other hand, if you were to visit the ex-
hibit of one of your competitors at a trade show,
chances are he would provide information to any-
one passing by on just this subject. Possibly
you'd like the opportunity to "pick the brains"
of your competitor's director of research and
development. Not uncommonly, you'll find em-
ployees of this calibre on booth duty" at trade
shows and expositions. By exercising the proper
discretion, you might very well be able to en-
gage such a person in conversation at his exhib-it and secure all the information your little
heart desires.

Very often people complain to me that trade
shows and-exhibitions are only open to members
of the trade. This is true. The exhibitors
spend a great deal of money for the privilege
of displaying their goods and services and in
preparing literature for distribution to the
attendees. Understandably, they do not welcome
a horde of school-age youngsters armed with shop-
ping bags who will clean out their supply of ex-
pensive four-color literature printed on coated
stock. But if you have a bonafide reason for
wanting to attend a trade show, a little re-

@sourcefulness should get you in.
this approach.

I recommend
Contact the trade association

sponsoring the event and secure a list of the
exhibitors. Then contact one or more of the
exhibitors, indicate an interest in the pro-
ducts or services that they are displaying, and
ask them if they can arrange to have you admit-
ted to the exposition as their guest. I find
this approach works like a charm. In the bib-
liography at the end of this paper, you will find
listed several directories of expositions, trade
shows, and conventions.

Marketing Research Firms

There are a great many marketing research
firms that will conduct primary research for
you on a fee basis. Such companies include
Arthur D. Little: Quantum Sciences, Predicasts;
Battelle Memorial Institute; Stanford Research
Institute; McKinsey; Booz, Allen, Hamilton;
Cresap, McCormick, Paget; F. W. Dodge; Creative
Strategies; and Drossler Research Corporation.
Some marketing research firms not only conduct
studies commissioned in advance by clients of
theirs, but they also prepare industry surveys
of a more generalized nature in the hope of
selling them to anyone willing to pay their price.
For example, the Morton Research Corporation has
produced economic and market studies in such
areas as beverage and drugs, dairy studies,
electronics, furniture and fixtures, home .fur-
nishings and housewares, industrial machinery,
moving machinery, instrumentation, iron and steel
products, jewelry, leather, meat, non-metallic
mineral products, paper/plastics/packaging,
petroleium, publishing/printing, recreation
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retail trade, service, specialty/snack foods,
textiles/clothing, wiring and wood products.
Under each of these headings, there are many
specialized reports, ranging in price from
$15.00 to figures in excess of $200.00. The
name and address of two marketing research
firms that publish specialized reports are
below. If you wish to secure additional in-
formation about their services, please feel
free to write on your company letterhead. Al-
though you may wind up spending several hun-
dred dollars for a copy of an industry survey
from one of these companies, I personally feel
the cost is quite modest when compared with
the risk involved in venturing into a new
market without the benefit of the insight
available through these surveys.

1. Morton Research Corporation, 1745 Mer-
rick Avenue, Merrick, New York 11566.

2. Predicasts, Inc., 200 University Cir -

cle Research Center, 11001 Cedar Avenue,
Cleveland, Ohio 44106.

Recommended Reading
1. Bursk, Edward C., and Chapman, John

F., eds. Modern Marketing Strategy. A Mentor
Book. New York: New American Library, Inc.
1964,

2. Frank, Nathalie D., Data Sources for
Business and Market Analysis. 2nd ed. Metu-
chen, N.J.: The Scarecrow Press, Inc., 1969.

3. The Futurist. Washington, D.C.: World
Future Society.

4. Klein, Bernard, ed. Guide to American
Directories. 9th ed. Rye, N.Y.: B. Klein Pub-
lications, Inc. 1975.

5. Sales Meetings Staff. Directory of
Conventions. New York: SM/Sales Meetings Maga-
zine, annually.

6. Sales Meetings Staff. Exhibits Sched-
ule: Annual Directory of Trade and Industrial
Shows. New York: SM/Sales Meetings'Magazine,
annually.
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HOW TO RAISE CAPITAL FOR YOUR BUSINESS

Donald M. Dible, The Entrepreneur Press
3422 Astoria Circle, Fairfield,

One of the recurrent problems that plagues
most owner-managed businesses is the shortage
of adequate capital. In the case of new busi-
nesses, this problem can be severe.

Promising small businesses traditionally
have relied upon such sophisticated money sourc-
es as investment bankers, venture capitalists,
and federally licensed and leveraged Small Busi-
ness Investment Companies (SBICs) for their eq-
uity capital needs. In today's market, these
sophisticated investors have many options from
which to choose. Regardless of market condi-
tions, their objective continues to be the
Maximization of return on investment, consis-
tent with intelligent risk analysis.

Their first option is the purchase of se-
curities in publicly traded companies at bar-
gain basement rates. Their second option is
the private placement of growth capital in
young, but already established, companies of
demonstrable merit. In a tight money market,
the terms of such an arrangement may be veryattractive for the investor, The investment
option representing the highest risk, obvious-
ly, is in financing the start-up company. Giv-
en the first two options, a private placementwith a start-up company is, I think you'd agree,
a most unlikely choice as an investment vehicle.

What about banks? Surely, you can get a per-
sonally endorsed loan for your business: from the
friendly loan officer at your commercial bank.
Not necessarily. In evaluating the financial
statement of any business, a banker will payparticular attention to the ratio of debt to
equity capital. A general rule is that you can-
not borrow more money than has been invested as
equity capital. Furthermore, most bankers are
not eager to lend money to new businesses atall, preferring to wait until there is at least
some history of profitable operation.

How, then, can you assemble the resources
you'll need to get started and to keep you go-ing until you begin to turn a profit? Take
heart; there is hope. There are, in fact, fourdifferent money sources that can now help youstretch your business dollars: 1) personal fi-nancial resources, 2) trade credit, 3) custo-
mers, 4) economizing.
Personal Financial Resources

Many of us significantly underestimate thevalue of our personal resources when taking afinancial inventory. Letts look at some of the
more obvious (and not-so-obvious) resources you
may have:

Home. In the recent inflationary period, thevalue of practically all residential real estatehas appreciated substantially. If you have own-
ed your own home during this period, you are in-deed fortunate. The difference between the cur-
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rent value of your home and the balance out-
standing on your mortgage may represent an eq-
uity asset of between $20,000 and $50,000. Yo
might consider converting this asset to cash b
1) taking a second mortgage in the amount of
your equity, 2) refinancing your mortgage, 3)
subdividing your lot and selling part of it, o
4) selling your house and moving into an apart-
ment. Every year tens of thousands of people
go into business using "house money" to bank-
roll their ventures.

Life Insurance. A loan based on the cash
value of your life insurance policies can be a
low-interest source of money. Many policies
provide for automatic loans from the insurance
carrier at interest rates far below the prime
rate charged by commercial banks.

Stocks and Bonds. You may own stocks and
bonds that, for a variety of reasons, you do
not wish to sell. Such instruments make ideal
collateral for loans, and you can borrow any-
where from 40% to 60% of their current value,
depending on the lender.

Credit Cards and Personal Credit. When you
prepare your financial business plans, you will
surely want to take the fullest possible advan-
tage of your credit worthiness. At the same
time, you will want to minimize the amount of
money that you have to take out of the business
to meet your personal financial needs. This is
particularly true when the business is just get-
ting started and every dollar in the treasuryis needed to finance business growth. Duringthis period, personal credit cards of all types
and descriptions can give you just the extra
leverage you need. Instead of drawing a heavy
salary in the first year of operation, supple-
ment your modest cash draw with the judicioususe of credit cards.

Credit cards come in a great variety ofclassifications: bank cards such as Master
Charge and BankAmericard, travel and entertain-
ment (T&E) cards such as Diners Club and Ameri-
can Express, as well as cards for departmentstores, oil companies, airlines, and so on.
With a good credit record, it should be no
great feat for you to secure enough credit
cards to give you a personal line of revolvingcredit in excess of $30,000.

Now, obviously, you can't buy a carload of
raw materials for your business with your bankcredit card, but you can cover a lot of your
personal expenses with it--as well as suchbusiness expenses as transportation, food, and
lodging. With a little thought, I'm sure youcan come up with a variety of ways to employcredit cards in financing your particular busi-ness.

While we're on the subject of personal credit, you should give serious consideration to
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arranging for the installment purchase of an au- to arrange extemely attractive terms. Secur-
tomobile and other major consumer items before ing competitive bids will greatly improve your
you start your business. You'll find it a lot bargaining position. However, once you have
harder to qualify for this kind of financing af- agreed to terms of payment, honor your commit-ter you've started. Lenders tend to worry a ment if you value your credit. Nothing is
great deal about the financial stability of new
small businesses and their founders. Your cred-

more difficult than trying to operate a busi-
ness when your suppliers will ship to you onlyit application looks a lot better when, under on a COD basis.

"Current Employer," you show that you have been
employed with "Solid as a Rock, Inc." for the Customers
last six years instead of with "Shaky at Best"
for the last six weeks. There are many ways in which customers can

Relatives and Friends. I. happen to consider be induced to help you finance your business.relatives and friends to be extremely valuable The degree to which they are willing to do so
personal financial resources. Where else can you depends on the extent to which you enjoy a mo-
find lenders who, simply because they like you, nopoly on the goods or services that you of-

fer.will advance money on anything as risky as start- In other words, no one will pay in ad-
ing a new business? However, do yourself and vance if he can get essentially the same goods
your lenders a favor, Document their loans. or services from another supplier under more
Draw up a formal note showing interest charged liberal credit terms. However, if you have
and the dates on which principal and interest are the only game in town, you may be in a posi-
payable. You never know when a personality prob- tion to get your customers to finance your
lem may arise that could precipitate calling the business.
loan. That can become awfully messy. As you know, the telephone company, elec-

Take the case of the young man whose rich aunt tric and gas companies, the post office, and a
loaned him $100,000 with which to start his busi- host of government monopolies require deposits
ness. The formality of a loan agreement was ig- in advance (independent of your credit-worthi-
nored. Six months later the aunt died. The ness), so that you may enjoy the benefits of
heirs then forced the entrepreneur to liquidate their services. The same kind of policy may
his business so that they could each get their be applied in the operation of certain small
share of the aunt's estate. businesses and selected industries.

Relatives and friends can also come in handy A San Francisco Peninsula electronics com-
as cosigners. Let's assume that you apply for a pany, which sells a patented device available
loan and the lender decides that your qualifica- nowhere else, provides a good illustration of
tions are marginal. The availability of a finan- customer financing. The company's customers
cially strong cosigner can swing the balance in are required to make a deposit of one-third of
your favor. Your relatives and friends can prove the purchase price when the order is placed.

Don't over-to be very important personal assets. Another one-third is payable on delivery, and
look them in your financial planning. the balance is due in 30 days. As a result of

these favorable terms of sale, this company
Trade Credit has been able to finance a highly satisfactory

According to a U.S. government study, trade growth rate while experiencing almost no pro-
credit constitutes a 33% larger factor in financ- blems with cash flow.
ing the business community than that represented An extreme example of this type of financ-
by bank loans. Clearly, every company treasurer ing is the case in which the customer is re-
should give serious consideration to trade cred- quired to pay the full purchase price at the
it in financing a small business. time the order is placed. You may be surpris-

ed to learn that you have been financing cer-Customarily, suppliers provide trade credit
as an inducement to their customers to do busi- tain of your own personal suppliers on this
ness with then. Although credit terms in most basis for years. I am referring, of course,
industries are extended on a net 30-day basis, to magazine publishers. If you take a three-

year subscription to a magazine, you may getoverall averages may stretch this to 45 days,
60 days, or even longer depending on the condi- the first one or two issues on credit based on
tion of the overall economy and the particular your promise to pay. However, in order to con
industry involved. Under the guise of "cash man- tinue receiving the magazine, you must pay the
agement,'' many companies make a habit of vigor- subscription bill, even though you won't re-
ously enforcing their collection policies while ceive your final shipment for almost three
simultaneously treating their accounts payable years.

Hugh M. Hefner, publisher of Playboy maga-with cavalier disregard.
Just how you handle your payables is your own zine, played this customer-finance game with

business. But you should be aware of the fact admirable success when he initially offered
lifetime subscriptions for $100. Obviously,that not everybody in business makes a habit of

paying bills the day the first invoice arrives. he needed the money to finance his growth.
When it comes to making use of trade credit Had the subscribers to some of the early is-

as a tool in financing your business, I recommend sues bought $100 worth of Playboy stock in-
stead of a subscription, they could have pick-that youestablish with your suppliers, in ad-

vance of purchase, the best extended credit terms ed up a tidy profit.
you can negotiate. Depending on how hungry your In many industries, including a number of

the construction trades, it is usual for thesuppliers are for your business, you may be able
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we'll get to them shortly, but first let'ssuppliers to receive progress payments when pre-
concentrate on where to find used equipment.viously agreed-upon levels of project completion

are achieved. Highway construction, aircraft 1. Used equipment dealers may handle any-
assembly, and other large-scale projects are of- thing from office equipment to laboratory test
ten financed in this way. equipment to cash registersto display cases fo

You'll findA special form of customer financing occurs butcher shops and retail stores.
in a number of service and manufacturing indus- these dealers listed in the Yellow Pages of

your telephone directory under such headings astries. Here the customer provides raw materials
that the vendor transforms into finished goods. "Used Equipment Dealers," "Second Hand Dealers,"
In the book printing trade, a publisher may sup- and "Surplus Merchandise." You'll also find

dealers listed under generic headings such asply the printer with paper; in a machine shop,
the customer may provide the metal to be worked; "Office Furniture--Used."
and in a tailoring service, the customer may 2. Dealers in newmerchandise invariably

find themselves stuck with a variety of goodsprovide the cloth to be fashioned into a dress
"De-or a suit. In each case, the vendor avoids the that cannot truly be represented as new.

expense of financing the purchase of raw materi- monstrator" and "loaner" equipment (provided
als. for the temporary use of customers who are

Another way of getting the customer to pay in awaiting delivery of new equipment or who are
advance for goods or services is to establish having their own equipment repaired) fall into

Here the this category. These dealers may also havesome kind of "membership" arrangement.
customer may pay an annual fee for the privilege floor samples, warehouse- and freight-damaged
of attending meetings. Using a similar member- goods, and obsolete-but-serviceable rental

equipment available at a substantial savings.ship approach, some discount department stores
require customers to pay a membership fee for 3. Bankruptcy and liquidation auctions
the privilege of shopping there. provide an opportunity to get some real bar-

gains. To secure information on where and whenA novel twist on this customer-backed ap-
proach to business finance is seen in physical auctions are to be held, consult the Yellow
fitness spas, dance studios, and other contract Pages of your telephone directory under "Auc-

Customers sign an agree- tions" or "Auctioneers. Many auctioneersservice organizations.
ment to purchase the service offered for a peri- maintain mailing lists of interested clients
od of one or more years. In most cases, the in- and send out brochures announcing forthcoming
tentions of the customer are honorable and sin- auctions.

How-cere at the time he executes the contract. You may also obtain information on bank-
ever, many people lose interest in fitness and ruptcy auctions by contacting the bankruptcy
other self-improvement programs after a short court in your area. You'll find this court

listed under "U.S. Government" in the Whitetime, and the incentive to pay the instaliments
on the service contract may falter. In antici- Pages of your telephone directory.
pation of these long-range collection problems, 4. Bankrupt companies that receive pro-
the original holders sell the contracts to fi- tection under Chapter 11 of the Bankruptcy Act
nance companies at a substantial discount. are very likely to be interested in liquidating
While the average individual may balk at pay- some of their assets. If you are lucky enough
ing the original contractor for services not to learn about such a company in your own in-
used, he is more likely to pay a finance com- dustry, you are in a unique position to fill
pany when notified that it has taken over his your equipment needs quite reasonably. Bank-
contract. The resuit is that the original con- ruptcy filings are announced in the legal news-
tractor gets a handsome chunk of cash almost papers of record serving various communities
immediately after the customer signs the con- across the country. Also, when a large compantract, whether or not the customer continues in a particular industry files for voluntaryto use his facilities. Once again, the cus- bankruptcy under Chapter 11, the trade journals
tomer has financed the business, albeit in- serving that industry will usually carry men-
directly. tion of this fact. Upon learning of such a

bankruptcy, don't hesitate to call the company
Economizing involved to determine whether the owners are

interested in selling some of their assets.
In preparing your pro forma financial state- 5. Now and then major corporations simply

ments, you probably allocated quite a bit of decide to get out of a particular industry and
capital shut down one of their divisions.money for office equipment and other ex- A friend of

penditures., If you figured on buying new mine who has his own company read about such a
equipment, figure again. Used equipment is what instance in a trade journal. He purchased a
you want. That way, you may find that you need $100,000 (price when new) piece of test equip-a lot less cash than you originally thought. ment for a mere $7,000 cash. Then he called a
Forget the rosewood paneled office with the leasing company and received $45,000 for theItalian marble-topped desk, too; that comeslater.

Same equipment when he agreed to lease it back
And most financially strapped entrepre- from them over a five-year period. He realized

neurs quickly learn the delights of night coach an immediate cash infusion of $38,000.and special tour package rates to save a few dol- 6. The United States Government is thelars when traveling. There are many other ways single largest consumer of goods and servicesto economize in the operation of your business; in the world. Not surprisingly, it also dis-
poses of enormous quantities of surplus goods
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on a more or less continuous basis. For informa- have something to say that wil! be of genuinetion on the sale of surplus government equipment interest, educational value, or amusement to

1370, Battle Creek, Michigan 49016, and the As- publicity.

tatives of these agencies are listed in the White cles carried in the two journals that printed
Pages of your telephone book under "U.S. Govern- his story. His total cost was less than $10.

7. Classified ads provide a simple, conveni- other ways of saving money in your business,ent, and inexpensive means of finding used equip- but I'd like to conclude by suggesting a dif-

particular item. In some instances, trade jour- Nothing succeeds like a company with the rightmals carry classified listings, thereby permit- product at the right price at the right time.
ting you to confine your search for specialized The electronics giant Hewlett-Packard was
items to the more likely sources of supply. started in a garage in the 1930s. The company

grew rapidly with limited invested resources
Barter. Bartering your goods and services for a very simple reason: the founders wereis a primitive-but-fun way to save money. It selling unique and superior products with highalso affords certain tax advantages. I know of profit margins to a market eager to buy. Go

la carpenter who remodeled an orthodontist's home thou and do likewise.
in exchange for having his daughter's teeth
straightened. I also know of a plumbing contrac- Recommended Readingtor who paid for his appendectomy by plumbing his Baty, Gordon B. Entrepreneurship: Playing to
Surgeon's vacation home. Radio stations have
been known to exchange advertising time for con- Inc. 1974.

Do It Yourself. When the cash supply is
limited and the money for meeting a payroll is Deiner, Royce.
mil, you simply have to learn to do things your- ness. New York: Frederick Fell, Inc., 1965.

wife operations, where the wife works virtually
without pay until the business starts turning a
profit. This kind of toil may not sound like
much fun, but it does save money.

Then, too, a lot of businessmen, in response
to economic pressure, find that they have many
talents and skills they never appreciated. A
janitor used to empty their wastebasket when
they worked for Big Business, Inc., but they now
take care of this occupational specialty them-
selves. On opening a restaurant, they may find
that they possess the dexterity of a short-order
cook. They may learn how to write advertising
copy, how to repair their machinery, or how to
operate a typewriter and a ten-key adding machine.

In some cases where a specialist is needed
but there is no money with which to hire one, the
entrepreneur may have to take courses at a local
college to learn the skill himself. It is often
surprising what you can learn to do when your
economic survival is at stake.

Free Publicity. Free publicity can do won-
ders for your business--and the price is right.
You don't have to hire a public relations firm
on retainer to get it, either. What you do
eed is guts enough to call a newspaper or trade
journal editor, a radio announcer, or a televi-
sion personality and explain your story. If you

at locations all over the world, write to the the audience served by the medium you have
Department of Defense Surplus Sales Office, Box selected, you have a good chance of getting
sistant Commissioner for Personal Property Dis- One businessman know sent out new-producreleases describing a $200 device to 12 tradeposal, Federal Supply Service General Services

journals serving his industry. He receivedAdministration, Room 926, Crystal Mall, Build-
ing Washington, D.C. 20406. Local represen- more than 1,500 inquiries in response to arti

ment." I could doubtless catalogue dozens of

ferent point of view. It is easy to becomement. You can consult the listings under the
headings of interest to you, or you may want to preoccupied with saving nickles and dimes in-

stead of figuring out how to make dollars.advertise the fact that you are looking for a

: Reston Publishing Company,

Hefner. New York: Macmillan
Publishing Co., Inc. 1974.

How to Finance a Growing Busi

Win. Reston, Va

sumer merchandise to use as premiums. The op- Brady, Frank.ortunites are unlimited

self that you might otherwise hire someone else Putt, William D., ed. How to Start Your Ownto do You have undoubtedly heard that many Business. Cambridge, Ma.: The Massachusetts

any of these companies are also husband-and- Institute of Technology, 1974.small businessmen work 80 or more hours a week
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HOW TO GET DISTRIBUTION FOR YOUR PRODUCT

Donald M. Dible, The Entrepreneur Press
3422 Astoria Circle, Fairfield, Ca. 94533 (707) 422-6822

The typical small business has to operate their customers an additional service--shoe
repairing.without exceeding a fairly static overhead--

salaries for company officers and a certain
number of employees, rent, utilities, and the Product Line Expansion
cost of capital equipment, such as typewriters, If a business has one or more clearly es-postage meters, desks, chairs, manufacturing
machinery, and computers. There are two funda- tablished channels of distribution and does

not wish to increase the number of channels,mental ways in which sales volume can be in-
creased without a significant increase in this it then becomes necessary to broaden the pro-
level of overhead. Number one, you can expand duct line in order to increase sales. Consi-

der the case of Screwy Lewy (TM).the product line. Number two, you can increase
A southern California businessman becamethe channels of distribution.

frustrated one day while trying to open the
lid on a jar. He recognized that the problemExample of opening sticky jar lids was probably as old

Consider the case of a shoe repair shop as the screw-top jar itself. He considered
Over the various efforts of the business communitylocated in a downtown metropolitan area.

In most cases, manu-the years, the customers of this shop moved to to solve this problem.
the suburbs. Also, much of the footwear sold facturers had tried to supply the consumer

with wrench-like leverage devices. However,today is not designed to be easily repaired.
For these reasons, the sales volume of the shoe this particular businessman recognized that
repair shop had dropped to a level that threat- the problem was not one where the consumer was
ened the economic survival of the business. unable to apply sufficient torque, or "twist-
One day the proprietor was looking over his ing power," but rather stemmed from the fact
shop. Its capital equipment--heavy-duty sew- that the hand tended to slip while trying to
ing machines, cutting and polishing wheels, and twist the jar lid open. Our businessman then
shoe stretchers--was paid for; he had made sev- conceived the idea of introducing into the
eral capital improvements on his shop in previ- marketplace a decoratively Shaped, high-fric-
ous years. Suddenly he had a brilliant idea. tion, thin plastic disc that could be set on
He had a number of signs made up with the words the top of a jar lid in much the same way as
"Shoe Repairing" on them. He then made up a one would use a towel in trying to increase
special price list indicating the retail charg- the friction necessary. The businessman then
es for the various kinds of shoe repairing that arranged for injection-mold tooling so that
his shop handled. Our marketing-oriented pro- these jar lid openers could be mass produced.
prietor then visited all of the dry cleaning He labled his product "Screwy Lewy" (TM) and
establishments within a ten-mile radius of his proceeded to open up channels of distribution
shop. He talked with each proprietor and pro- through West Coast supermarket chains. For a
posed that, if they would put a sign in their while he was successful in marketing as many

Then, without warn-shop window indicating that they would handle as 50,000 units per year.
show repairing, the shoe repair man would make ing, one of his major accounts stopped order-
pickups and deliveries twice a week. The dry ing Screwy Lewys. -When our businessman friend
cleaning establishments would receive a fixed called the supermarket buyer to find out what
percentage of the retail price charged as the problem was, he received a disconcertingtheir commission for acting as a middle man. answer.
Almost overnight, the shoe repair shop went It seemed that the supermarket purchasing
from a financially marginal operation to a department had computerized its operations.
profitable one. Note that the added sales Instructions were furnished to the computer
volume in the shoe repair shop necessitated programmers to the effect that any vendor sup-
no increase in capital equipment or improve- plying less than $25,000 worth of merchandise
ments to the facilities. For this reason, the each year would be dropped from the vendor
profits realized on the increased sales vol- list.
ume were substantial.

Since our friend had only one productAt the same time, the that he marketed through supermarkets, his
dry cleaning establishments increased their sales volume could not possibly approach this
sales and profits by viture of the fact that figure. However, he analyzed the market and

In ad-they had expanded their product line. discovered that another manufacturer was con-
dition to taking in laundering, dry cleaning, tinuing to provide supermarkets with a broad
drapery cleaning, and alterations, the dry line of specialty products compatible with
cleaning establishments were now able to sell his own, such as corn skewers, egg timers,
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measuring spoons, small oven thermometers, and
other kitchen gadgets. Each of these productswas mounted on a cardboard display sheet andheld in place by a form-fitting plastic cover-
ing known as a bubble pack. In the top centerof each cardboard package there was a hole. Allthe gadgets were then hung on J-shaped hooks
which were in turn mounted on a large pegboarddisplay on the supermarket shelf. Independentdistributors known as "J-hook jobbers" visitthe supermarkets periodically to take inventoryand replenish the stock on the J-hook displayboard. Slow-moving products are removed from
the board permanently and replaced with other
potentially faster moving items.

Our businessman friend telephoned the presi-dent of this J-hook corporation and made the
following proposal: "I'll furnish you withall of the tooling necessary to manufacture
Screwy Lewys. You may have the tooling freeof charge provided you pay me a royalty of
5 for each Screwy Lewy you sell." Since our
friend was averaging 50,000 units a year, the
larger manufacturer was only too happy to ex-
pand his product line to include the Screwy
Lewy, and our friend now receives approximate-ly $2,500 per year in royalties on this product,without having to expend any additional effort.
The important thing to understand here is the
willingness of the larger manufacturer to add
a complementary product to his existing line.
The addition of this product to his line did
not necessitate the hiring of any additional
sales force. In fact, his salesmen and the
"J-hook jobbers" in the field simply had one
more item in their product line that they could
offer to the customers they were already serv-
ing. Many small and medium-sized businesses
are willing to add complementary products and
services to their current offerings in order
to expand sales volume to their existingclientele.

Consider the case of the soft-drink vend-
ing machine. In most cases, soft-drink vend-
ing machines are provided by the leading manu-
facturers of cola beverages. These machines
frequently are able to handle five or six
different beverages. It wouldn't make sense
to limit the potential customer selection to
just one cola beverage, so the vending machines
handle such other flavors as orange, root beer,
and grape. Typically, the brand name of these
additional beverages is not seen in any other
channel of distribution, such as a supermarket.
Recognizing that his vending machine represents
a virtual monopoly as a channel of distribution,
the soft-drink bottler prepares these off-brand
beverages as a way of expanding his product
line to fill his existing channel of distribu-
tion rather than going to a competing bottling
company to secure from them what might be a
better-known brand of root beer, grape soda,
or orange soda.

Most small companies, however, are not in
a position to expand their product line readily.
In many cases, such expansion represents a sub-
stantial investment in research and development,
time, and money. The alternative to this in-
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vestment is an increase in the channels ofdistribtuion utilized to bring the product orservice to the marketplace. However, even be-fore an intelligent discussion of channels ofdistribution can be presented, it is necessaryto discuss briefly the concept of market seg-mentation. Market segmentation is the term
used to describe a method of market analysisin which the various types of potential custo-
mers for your product or service are identi-fied. For example, you may wish to segment
your market on the basis of demographics. Are
your products or services intended for youngchildren, teenagers, or retired people? You
may wish to segment your market geographically
by state, county, city, etc. Or you may seg~ment your market in terms of average income,
occupational area, hobby interests, political
viewpoint, etc. Before selecting the best
candidates for channels of distribution for
your product or service, it is imperative that
a market segmentation analysis by completed.
In this way, you can identify the channels of
distribution most efficient for serving the
market segments you hope to reach.

Four Keys to Channels of Distribution
Before analyzing any channel of distribu-

tion, the marketer should develop a full ap-
preciation for the important tools that are
available to him. These keys are books, in-
dustry publications, trade associations, and
mailing lists and directories. Let's analyze
each of these keys separately.

Books. Every year in America, 40,000 new
books are published. The subject matter of
some of these books is extremely specialized.
Virtually every major channel of distribution
is represented by one or more books. Consid-
er, for example, supermarkets as a channel of
distribution. The amount of products sold
through supermarkets daily is enormous. Many
people fail to realize, however, that more
than half the products sold through supermar-
kets are non-food products. Have you ever
tried to eat a light bulb? Have you ever
drunk a bleach cocktail? A book titled How
to Sell the Supermarkets for Non-Food Manu-
facturers/Distributors by Julian H. Handler,
published by Fairchild Publications, Inc.,
New York, provides a detailed discussion of
this important channel of distribution. I
mention this work as just one example of the
specialized information available to marketers
desirous of entering new channels of distribu-
tion. A two-volume work revised annually and
titled Books in Print, published by the R. R.
Bowker Co., New York, provides a listing of
almost all books in print available in most
libraries and book stores.

Industry Publications. Several thousand
industry publications serve the various chan-
nels of distribution and marketplaces in this
country. Let's say, for instance, that you
wanted to market a piece of costume jewelry
designed for women tennis players--say a
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small gold-lated tennis racket with a small
pearl mounted in the web of the racket. Let's
check to see what sort of publications might be
available to assist the marketer in marketing
such a product. First of all, we might consult
the publication known as Business Publication
Rates and Data, a monthly publication of Stan-
dard Rate and Data Service Inc., Skokie, I1li-
nois.
we find the following trade publications:
American Horologists/Jeweler, American Jewelry
Manufacturer, Catalog Showroom Business, Fash-
ion Accessories, Independent Jeweler, Jeweler's
Circular Hyphen Keystone, Jewelers Digest,
Modern Jeweler, National Jeweler, Northwestern
Jeweler, Pacific Goldsmith, and Southern Jewel-
er. Under the heading "Sporting Goods,'' we find
magazines Ternis Industry and Tennis Trade. In
the Standard Rate and Data Service Publication
Consumer Magazine and Farm Publication Rates
and Data, we find, under the heading of
"Sports,'' the magazines Tennis, Tennis for
Travelers, Tennis Times, Tennis, U.S.A., Tennis
West, and World Tennis. As you can see, our
tennis jewelry manufacturer has a number of in-
dustry and consumer publications available to
provide him with detailed information on how
to establish channels of distribution to reach
this enormous market.

3. Trade Associations. Thousands of
trade associations exist to serve the needs of
various industries. Many trade associations
serve the highly specialized channels of distri-
bution which exist in many retail outlets; for
instance: the Association of Air Conditioning
and Refrigeration Wholesalers, the National Ap-
pliance and Radio-T.V. Dealers Association, the
National Auctioneers Associations, the Bicycle
Wholesale Distributors Association, the Nation-
al Retail Merchants Association, the Cosmetic
Industry Buyers and Suppliers Association, In-
dependent Grocers Alliance Distributing Co.,
National Wholesale Furniture Association, Na-
tional Glass Dealers Association, National Re-
tail Hardware Association, National Wholesale
Hardware Association, Manufacturers' Agents
National Association, Society of Manufactur-
ers' Agents, Museum Store Association, Nation-
al Association of Chain Drug Stores, National
Premium Sales Executives, National Wholesale
Druggists' Association, National Association
of Sporting Goods Wholesalers, Textile Sales-
men's Association, American Toy Export Asso-
ciation, National Vitamin Distributors Asso-
ciation. These organizations represent just
a sampling of the trade associations serving
the channels of distribution through which pro-
ducts reach the marketplace. A comprehensive
listing of trade associations may be found in
the Encyclopedia of Associations, edited by Mar-
garet Fisk and published by the Gale Research
Co., Detroit, Michigan.

4. Mailing Lists and Directories. The
final key to channels of distribution is mail-
ing lists and directories. There are mailinglists and directories for a remarkable array of
channels of distribution. One can, for example,
secure specialized mailing lists of salesmen of
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Under the head "Jewelry and Watch Making,"

all descriptions--salesmen specializing in pet
products, salesmen specializing in pharmaceu-
tical products, salesmen selling lumber pro-
ducts, etc. Furthermore, there are director-
ies of retail outlets of all descriptions,
such as chain department and discount stores.
The two primary publications of interest are
Direct Mail List Rates/Data, published by
Standard Rate and Data Service Inc., and The
Guide to American Directories, edited by Ber-
nard Klein and published by B. Klein Publica-
tions Inc., New York. Now let's see how these
four keys to channels of distribution may be
used to unlock two important channels of dis-
tribution--direct selling and direct mail.
Both of these examples are intended to illus-
trate a method of analyzing channels of distri
bution.

Direct Sellin
Direct selling or direct-to-home marketing

systems, as they are called in university mar-
keting courses, are utilized for the purpose
of merchandising such products as vacuum
cleaners; tableware and cookware; reference
books such as encyclopedias and religious
sets; costume jewelry; clothing of all de-
scription; plants, trees, and shrubs; insur-
ance; mutual funds; electrical appliances;
water softeners; portraits; frozen foods;
greeting cards; toys; giftwares and novelties;
cosmetics; rug upholstery and drapery clean-
ing; and miscellaneous housewares. According
to the trade association serving this indus-
try, more than $10 billion worth of merchan-
dise a year is sold through direct-to-home
marketing organizations. The trade associa-
tion serving this industry is the Direct Sell-
ing Association, headquartered in Washington,
D.C. A number of trade publications serve
this channel of distribution, including Sales-
men's Opportunity Magazine, Spare Time Maga-
zine, and Specialty Salesman Magazine. If
you wish to secure a mailing list of individu-
als interested in selling your product direct-
ly to consumers, you could start by securing
the names of subscribers to Spare Time Maga-
zine. This mailing list can be rented from
Dependable Lists, Inc. in New York. Many
books have been published on the subject of
direct selling. Some of the titles are: The
Direct Salesmen's Handbook, by Roy Alexander;
How Women Can Make Up to $10,000 a Week in
Direct Selling, by Claire Cox; A Foot In The
Door, by Alfred C. Fuller; Your Future in
Direct Selling, by Foster E. Goodrich; Consu-
mer Attitudes Toward Direct-To-Home Marketing
Systems, by Marvin A. Jolson; and Selling
Direct to the Consumer, by Robert C. Paddy,
Albert Haring, and Harvey L. Vredenburg.

One very successful direct marketing com-
pany is Unique Products, headquartered in Chi-
cago, Illinois. The hottest-selling item
every offered by Unique Products is called the
Tru-Scent Decorator Floral Bowl. Unique Pro-
ducts has now sold more than 2 million of
these products through a small army of direct
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salesmen. The typical salesman is recruited
by a full page ad appearing in one of thethree direct marketing publications mentionedabove./ The Tru-Scent Decorator Floral Bow]has a retail price-of $1.98. The product isa small, attractive, clear glass containerwith an ornate lid. A plastic rose is insert-ed inside the container along with a "magicfragrance capsule" that serves as an air re-fresher and room scenter. The order blank ina typical advertisement says: "Here's my dol-lar. Rush me full-size demonstrator floral
bowl, 7-inch-diameter floral ring, showingall six colors, blister card with three magicfragrance refill capsules, 8-page success storybrochure, complete sales plans, samples of salesaids, etc. If I can't make instant profits of
up to $10.00 to $20.00 an hour just showingthis money-making kit, I may return it for tri-
Ple my money back ($3.00)." Utilizing the di-rect sales channel of distribution almost ex-
Clusively, Unique Products has sold more than
2 million of its Tru-Scent Decorator Floral
Bowls. Please note that this product is not
patented, copyrighted, or trademarked. The
success that Unique Products has had in mer-
chandising this product is simply due to their
knowledge of how to reach the marketplace ef-
fectively through this important channel of

Direct Mail Marketing

Billions of dollars worth of products are sold
every year through direct mail, including books,
magazine subscriptions, financial services,
newsletters, shower heads, office supplies,
pocket calculators, automobiles, steaks, grape-fruit, wine, jewelry, home-study courses, cloth-
ing, art prints, phonograph records, audio tapecassettes, and coffee machines for small of-fices. A leading trade journal that serves thedirect mail marketing industry is The Reporterof Direct Mail Advertising. the Magazine of
Direct Marketing, published by Hoke Communica-
tions in Garden City, New York. The industryis served by the Direct Mail Marketing Associa-
tion, headquartered in New York. Dozens of
books have been written on the subject of di-rect mail marketing. For example, we have Di-
rect Mail and Direct Response Promotion. byChristian Brann; The Robert Collier Letter
Book, by Robert Collier; Direct Mail, by H.
Hoke; Planning and Creating Better Direct Mail.
by John D. Yeck and John T. Maguire; How to
Start and Operate A Mail Order Business. byJulian L. Simon; The Amazing Mail Order Busi-.
ness and How to Succeed in It, by Howard Sparks.
Mailing lists of all types and descriptions are
used in direct mail marketing.

Many of the most creative marketing prac-titioners work in the medium of direct mail.
Consider the case of a mink rancher from
Minnesota. One hot summer, after an unusually
warm winter, the rancher found himself stuck
with an enormous surplus of mink coats. Ob-
viously, it is not easy to sell mink coats in
July. However, his financial condition demand-
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ed that he do something to liquidate his in-
ventory in order to pay an outstanding bankloan. Almost in desperation, our mink ranchercalled in a direct mail marketing consultant.I think you will agree that devising a way tomarket a large quantity of mink coats in Julyis a particularly challenging task. However,our direct mail marketing consultant deviseda brilliant plan. He was aware of the exist-ence of a mailing list of expectant mothers.This particular list is maintained by monthsof pregnancy, the expected birth date of thechild, and other information. In case you're
wondering how a mailing list is originated,
maternity patients may find at their doctor'soffice an order blank inviting them to sendfor a free "Lady in Waiting" gift package of
samples and literature. In order to receivethis gift package, the expectant mother pro-vides her name, address, and the anticipatedbirth date of the child. The information thus
provided is placed on a computer. Our direct
mail consultant prepared a letter addressedto the husbands of women who were seven months
pregnant. The gist of the letter was as fol-
lows: "Dear Mr. So and So. Your wife is
about to present you with a new heir. Isn'tthis a marvelous gift for you? In return,wouldn't it be nice if you were to present her
with a gift every woman wants--a new mink
coat?" Needless to say, the direct mail cam-
paign was remarkably successful. In fact,
every year the Direct Mail Marketing Associa-
tion conducts a competition for the most clev-
er direct mail marketing ideas. The direct
mail consultant responsible for the mink coat
sales received the "Gold Mailbox Award" for
his efforts.

Whether you are in the manufacturing, ser-
vice, wholesale, or retail business, there are
an enormous number of channels of distribution
through which you can reach your marketplace.
In addition to direct mail and direct market-
ing channels, businessmen reach their markets
through discount stores, consignment stores,
original equipment manufacturers, licensing,
premiums, incentives, advertising specialities,
factory outlets, commission representatives
and agents, mail-order catalog houses, catalog
showrooms, direct response advertising in
print media, radio and television, wholesalers
jobbers, distributors, trade shows and exhibi-
tions, private label manufacturing, retail
outlets, cooperative mailings, export markets,flea markets, department stores, variety
stores, specialty stores, supermarkets, cloth-
ing stores, drug stores, toy stores, hardware
stores, auto supply stores, garden supply
stores, vending machines, etc.

In this paper, I have tried to demonstrate
a method of approaching the marketplace. Al-
though several examples were given, it is
important that you understand the concepts em-
ployed to réach the marketplace. The applica-
tion of these concepts to your own particular
marketing needs is up to you.

distribution.
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BASIC AND THi QUSINESS COMMUNITY

Richard E, Barnhart
Analyst-Programmer
Levi Strauss & Co,
5903 Canon Ave,

Cakland, CA 94602

Abstract
RASIC offers little of positive value in a mid= or large-size Data Processing shon. As alearning tool it is quite valuable, but its syntax, 1/0+ and renort writine capabilitieston limited for most business applications, Tn some areas of business, though, BASIC is beingused successfully today, In the near future trere promises to he a Significant increase in

Processing shops, This holds interestingimplications for both hobbyist and "professional"! programmers,
When 1 mentioned to some of ny colleagues puter centers to help people learn how to usethe possibility of delivering a paper on 7ASIC computers, Scientific establishments such asand business I was met with a mixture of un- NASA have computers which actually computecomprehending disbelicf end great good humor, esoteric mathematical preblems, Home computingIn a mediuin sixe programming shop with about
100 analyst-prograrmers, an JBM 370-158 and

is mostly a leisure time activity peripherallyassociated with education, or perhaps witha 370-168 plus mainframes and minis in our entertainment, All of these areas comprehendvarious manufacturing and distribution fac- computers more as an end in themselves thanilities, BASIC has no place, But I am some- as another tool to get work done more quicklything of a renegade, a revolutionary, and efficiently.have a micro at home; at work I enjoy doing
maintenance, not new system development; and In the context of data processing, BASIC seems
I'm always looking for other better ways to at first glance to be a rather poor choice
process data. BASIC is sim-among the available languages.

Ple, a subset of FORTRAN, and most at home inHere in this world of micro-computers, you mathematical calculations or conversing withhave BASIC, Do you have any idea what it is a user at a terminal. DATA processing hasin terms of the business world? Do you know been built on the concept of associating manywhat is being done with it now? What will different fields of data containing diversehappen with BASIC during the next 10 or 15 kinds of information into single records. Rec-years? These questions revolve around the ords are arranged by customer (e.g. a saleslanguage in general, not one particular imp- file), by product (e.g. inventory or manufac-lementation. These questions apply equally turing files), by individuals' names (e.g.to mainframe, mini-, and micro-computers, personnel'. files), or by some other significantThese questions stand between the formal lan- key. The point is that these records compriseguage known as BASIC, a way to use computers, many different kinds of information which canand businessmen who depend on computers. be processed as a unit. Data bases, in the
last analysis, are simply very sophisticatedWhat is BASIC in relation to the market-

place? Business is interested in data, not record/file structures,
computation, In the business world there Most implementations of BASIC ignore the con-are Data Processing Departments and DP Cen- cept of records as conglomerates of dataters aS opposed to computer centers and fields. It can beA$ is a string variable.
programming staffs. This distinction is displayed on a terminal, read from an exter-
not iron-clad, there actually are some com- nal device, or written to the same, If ag
puter centers and some companies do have a represents a person's name and SS representsstaff of programmers, but the distinction his Social Security Number, the two must be
between data processing and computing is the The overheadread or written individually,essence of the business use of computers. In involved in reading and writing masses of
the business world, computers are primarily fields for one record inhibits the use oftools to lighten the clerical workload and BASIC as a serious contender in the area ofallow speedy correlation of masses of data DATA processing.
and facilitate better business decisions,
Ford makes cars and trucks. Ford's DP est- Some implementations of BASIC are more amenable
ablishment exists solely to aid Ford's task to record oriented processing than others, it

is true. Hewlett-Packard and North Star BASICsof making cars and trucks, use substringing to address segments of rec-
Over against the business approach to data ds, Substringing, or addressing particular
processing, schools and colleges have con- characters in a string variable has the major

are

the use of RASIC in business _-_ but outside of Data

or
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advantage of being able to insert new data taining COBOL programs.
into existing string variables, The DEC/Mic- Nusiness programs are expected to have a life-
rosoft approach of LEFT, MID$, and RIGHTS

span of over 5 years. T have yet to see one
allows breaking apart an' existing string business program which has not been modified to
variable, but not modifying it in place, In

some extent during the first three years of its
general, then, BASIC sould be seen as more life. When a program's internal documentation
of an analytical language rather than a pro- is limited to REMark statements, and the names
cessing language since there may be difficul- of the variables have no intrinsic meaning, you
ty in modifying a part of an individual rec- can see that the cost of maintenance would not
ord, be 150% of the development. cost, but would be

more on the order of 500%. In terms of main-There is a definite place for analytical
languages in the marketplace, but to date, tainability, and ultimately cost effectiveness,

BASIC must bow to a COBOL-like language.BASIC has not entered the arena to anv
areat extent. One further point about maintainability is the
Analytical laucuages such as RPG IT or HARK BASIC language itself: there is not one BASIC

Digital Equip-IV are very popular in business because of language, for they are legion.
their ability to auickly and easily format ment Corp. (DEC) and Hewlett-Packard have

The end disparate approaches to BASIC. Datapoint 9 GE. ,reports as well as analyze data.
product of data processing, in business at and IBM all disagree about what should and what
least, is succinct and comprehensive report- should not be included, North Star, Microsoft,
ina, very few implementations of PASIC Benton Harbor, and TRS-80 BASICs share the name,
heve any easy method of. formatting printed but are in no way compatible. This is not to

BASIC is primarily an interactive, say that a program written in COBOL on a Bur-reports,
terminal oriented Janquage designed to _re _ roughs machine can be compiled without change
sent the user with nuick, short answers, It on Control Data equipment, but the changes

The difference betweenis possible to imlenent business systems needed are minimal,
such as billing, sales : istorv or other COROL and BASIC is that there is a standard

+ COBOL.' The American National Standards Instituteapplications in UA IC, but the primitive
formatting capahilities of the language mil- has published and updated its COBOL standard for
itate against it. a number of years. Each manufacturer offering

a COROL compiler uses relatively the same for-
'The ultimate business test of any lanquage mat to describe the language (this is coveredis cost effectiveness, The cost of data pro-
cessing durinc the short history of conputers in the standard), and the non-standard features

are clearly marked, The ANSI committee onhas completely reversed itself, Originally
tbe machines vere extremely costly and quite BASIC has only recently published a proposed

InM's 1400 standard for a first level BASIC, one whichLimited in their capabilities, will, if accepted, rank among micro users asserics was the first computer family to
really have any wide use in business because a Tinv BASIC.
of the cost/capability tradeoff. At this When programmers are faced with a variant on a
time though, 70% to 80% of the cost of data lanauage they have used and loved (or hated),
processing is involved in salaries for pro~ thev will make mistakes, The learning curve
gramming, for minning the computer, and for and the mistakes all cost money. Until there
maintaining the equipment, Furthermore, is a relatively stable standard BASIC accepted
recent studios indicate that during the and implemented by most manufacturers, the
to 8 year life of a business systen, only portability and maintainability of BASIC pro-
40% of the cost is involved in developing grams will be in serious question by the bus-
and writing the system while the other 60% iness community.
goes to maintain the software after it is

Does this all mean that by its very nature BASICup and running. is not viable in business data processing? In
While BASIC is one of the easiest languages the classic sense of data processing, the ans-
to learn, its very simplicity makes it wer is yes. However it should be noted thatdifficult to use in systems of any size. the Classical period of data processing endedSo-called "business" programs published in with the introduction of the System 360 by IBM,the hobby literature illustrate this point. and with the advent of powerful, low cost micro-
BASIC programs longer than 200 statements computer systems, we seem to have entered a
begin to look like piles of spaghetti. "post-industrial" phase in data processing.Internal documentation must be achieved
through REM statements, Variables, be- When IBM introduced the System 360 nearly 15

years ago, the cost of computing dropped nearlycause of their length limitations, are
arbitrarily assigned and are extremely an order of magnitude and data processing, as

opposed to computation, became really viable.difficult to comprehend in a large pro-
gram. It must be admitted, though, that Companies with only a few million dollars in
maintaining and modifying a BASIC program sales could afford a small mainframe while those

with sales as small as the hundreds of thousandsis a true challenge when compared to the
relatively mundane and boring task of main- of dollars could afford time sharing or a
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service bureau, The world of procrammingwas growina and were necded,
Generation %, Version t: COOL and roRTRAN

out of the chaos of Autocoder and
Assembler, but roverful as the new lancua-
aes are, people cannot bo trained in theneuichiv, The tire is 1964, t placo,Dartnovih: nter RASTC, Lorn ovt of and
horne on the crest of the power
so recently introduced, BASIC, develonedby ane Kurtis, stands fort! as a
+ tool, an introduction te
anc ALGGL. MASTC is net intended as a

for these lannuanes, nor isit seriovsly considered as even an intro-duction to COBOL. It is intended to helppeople quickly learn vow to use conmutors,.
The success of BASIC as an educational tool
can be measured by counting on the finoersof both feet the number of schools with a
computer curriculum which do not have BASIC,in sone form, inplemerted on their systen,The success of BASTC as an educational tool
can be traced to two characteristics: it is
very Sinple; and for al] of its simplicity,it is a relatively powerful, high-leve]
lanquage.
Historically then, BASIC entered about thetine that IUM's second major breakthrough
occurred, 'The Classical age of computingwith its heroes and Hoppers, its enigmas,
ENTACS, ane 1401s, was drawn to a close bythe hunmdrun, day-to-dayness of business
problems, But far more people were beins
introduced to computers than were entering
progranning. Business majors and science
majors were required to take at least min-
imal computer introductions (and learn
BASIC). On some campuses Geology, History,and Music found their way onto the Machine,
In all of these areas, BASIC was most often
the first language.
Microcomputers have followed the mainstream,
and wisely so, TIE language shown to be
most usable by more people is the one which
has been implemented on most of the existing
systems, BASIC interpreters and compilers,
on paper tape, cassette, and disk as well as
ROM, have flooded the field, BASIC is being
used to write systems software, interpreters,
compilers, and assemblers, as well as games
and small business systems. This is not to
say that BASIC is the best choice of lang-
uage for many (any?) of these tasks, but it
is being used because it is available, andit is powerful enough to handie the load.
At this time the most spectacular applicat-
ions in BASIC are on micros, This can be
traced directly to the fact that BASIC, in
one form or another, is available on most
micros, and nothing else but assembler or
machine language is available. On mainframes,
professional programmers use FORTRAN and COBOL
to compute or process data relatively effic-

iently. These languages haven't generallybecome available on micros and there are alimited number of programmers (professional or
amateur) who are willing or able to write largescale systems software without the incentive ofa Salary. BASIC has taken first place withmicros by default,
But there are other uses and users of BASIC
today as well, Many schools use time~sharingservices in their computer curriculum, Theseservice companies generally implement BASIC inorder to satisfy their educational users, When
BASIC is available to one user through CYBERNET,for example, it is available to all. Auditingand accounting firms commonly use timesharingservices, but few of them can afford the luxuryof a ful1-time programming staff. The same
people who have becn trained at a hasic levelin BASIC in order to fulfill their Business
prerequisites are using BASIC to solve their
auditing or accounting business problems, As
noted above, BASIC is probably one of the Jeasteffective languages to use on business/account-ing/auditing problems, except for one thing:the people who have tre cuestions also have
BASIC. The lancuage is easy to use, it doesn't
require vears to learn, and in non-repetitivewinds of jobs, its inefficiency can be ianoredin the contert of the fantastic commiting power
of contemporary mainframes.
Sngineering firms also use BASIC, pro-
hahly to the disqust of the facul-ties whic' spent semesters trvine to drun
FORTRAN into the heads of their burgeoning
students, The fact is that their students
wanted to be engineers, not programmers. It
takes at least three years to develop reason-
able facility with FORTRAN, Full time. An
engineer being paid for his abilities in analy-sis or design does not have the leisure to
develop expertise in computing tools, He has
a job and is paid on the basis of how well and
quickly he finishes, The relapse into BASIC is
normal and apparently frequent. Very often a
"quickie" program can be written better in
BASIC than in FORTRAN because BASIC is the sim-
pler language and errors are less likely to
creep in.
On mainframes and time-sharing systems, there
are existing business users of BASIC. Since
these people are programming for themselves
instead of turning to professiona1 programmers
or systems analysts, they save their companics
money (salaries) and get the job done more
quickly. BASIC is probably a poor choice of
language for their problems except that they
really don't have a good grasp of any other
language. Therefore BASIC is their best choice.
The combination of managers trained in RASIC
during college, high school, or even grammar
school, and the availability of BASIC on time-
sharing systems, is already bringing a change
to data processing, Accountants, engineers, and
managers are beginning to ask computers more
and more complex: questions ~-- directly.
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ta terse of vrotessional proarannmoers, jobs with very little opportunity to find greener
is not their death warrant. The need for pastures.
well vritten, efficient prograns organived The more forward thinking people in data proces-
into processing tens remains. BASTC has sing were surprised and frustrated by the stren-
too many limitations to seriously contend

oath of COBOL and FORTRAN, but they were only
with cither CONOL or FORTRAN, let alone a

7 The looking at the technical potential of the lang-
as sophisticated as wages. The technical potential of BASIC isa

mainstream of scicntific computing and bus- similar case in point. No matter what aspect
iness data pracessing will, of necessity, of BASTC vou examine, at least one language is
remain with the established Jancquages. technically better. Some languages are tech-

TheGn the other hand, professional programmers nicalty superior to BASIC on all counts.
will he called upon more often to analyse fact renains that more people know BASIC than
and debug SASIC programs for their end users, other languare, and that nany with know=
the sales administrators, the personnel spec Jedqe of other choose to use it for

particular tasks hecause of its simplicity.ialists, and occasiona] VP's who want to get
answers NOi/. Professionals will need to
know BASTC in order to maintain credibility A realistic appraisal of the rofe of BASIC in

business is that it is being used now for many
outside of their own department. AS more More people
people who have studied a littic ahout data tasks, sometimes surprising tasks.

have learned it than any other language and with
processing in school move into vpper manag- the advent of personal computers, even more will
enent, the trend of non-professionals using become proficient in it. As managers anand even
computers will only esnand, clerks become more sophisticated in their uses
What I've said today is really rather of computers, BASIC will rise in popularity far
simple, even mundanc. BASIC is here, many beyond its present level. Like COBOL, it's
know how to use it, wel enough to gather facilities will expand somewhat, but it will
information with it, and: theae people are remain a simple language. Professionals will
moving into positions in business where they do well to heed this trend, and those with
will use it, The corollary is that profes- personal computers are already one step in the
sional programmers will have to know BASIC right direction.
as well in order to retain their credibility
as at least competent technicians, This is
hardly a world-shaking premise, but it needs
to be said because no one is saying it. It
necds to be said to remind us where the real
world is,
APL, PASCAL, FORTH, and PILOT as well as
other languages are repeatedly the subject
of glowing reviews in computing literature.
The reason that they are news is that they
are literally new _-_ very few people use
them or have any experience with them. Who
writes about BASIC? Who necds to? Every-
one knows it or can learn it in a day. It
isn't as powerful as APL, it's more awkward
than PASCAL, and it's harder to learn than
PILOT. BASIC is just what its name implies:
the bread and butter of computing, It is
very simple fare, but quite good enough to
keep body and soul, or information and pro-fit, together.
Understanding where BASIC stands in businessis important to people who are or want to be
in data processing just as understanding
where COBOL stood in business was important
about six or eight years ago. Then PL/I
stood like a giant on the horizon, backed by
grandaddy IBM, PL/I should have replaced
COBOL and superceeded FORTRAN in months if
not days. But more people knew COBOL and A

FORTRAN, and managers could begin to under-
stand these languages, The business stand-
ard today is COBOL; the scientific standardis PrORTRAN, Only a few shops use PL/I, and
PL/I programmers are often locked into their
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CIS COBOL BRINGS BUSINESS TO MICROS

by

Paul O'Grady
Micro Focus Ltd

London, UK

Introduction

This paper starts by surveying the progranming languages that are available on
microcomputers, and the merits and demerits of each are briefly described. Aq]
of these have been used in the past to write business applications on microcomputers.
The result of such a survey leads inevitably in the opinion of the author to one
Tanguage, namely COBOL.

In the second half of the paper, CIS COBOL, a specific implementation of COBOL for
microprocessors, is described. This is a product developed by Micro Focus Limited
in the UK. It is resident on the target microcomputer and contains a number of
extensions to COBOL which are aimed at the small machine environment.

Available Languages

In assessing the merits and demerits of each language I will not discuss their
detailed syntax and statements. The interested reader has only to consult the
appropriate reference manual for detailed and accurate descriptions which are far
too voluminous for a paper of this type. What I wil] do is to highlight those
points which have a major impact on the decision of which language to choose.

Until quite recently, the most likely choice of language for any application on a

microprocessor would have been Assembler Language or even Machine Language. The

decreasing cost of hardware, and in particular memory, coupled with the increasing
power of the microprocessors themselves has now radically altered the balance between

development costs and production costs. The result is that Assembler Language need
now only be used when it is necessary, and the rest of the application can be

written in the appropriate high level language.

Since Assembler Language is simply a mnemonic version of Machine Language it is
most appropriately used when precise timing loops are required, or when store is
at a premium as in large volume applications. The application programs for such

applications are usually small.

The high level) language most commonly used to date in microprocessor applications is
probably BASIC. This was originally developed as a teaching aid at Dartmouth

College and has proved to be very popular with hobbyists. It is a very active
language and there are now many variations of it in existence, including extensions
for business applications.

A particularly appealing characteristic of the language is the ease with which a

program may be developed. The programmer may key in his program and run it immediately.

Following close behind BASIC in generality of use are the many derivatives of PL/I,
(PL/M on the 8080, PL/Z on the Z80, MPL on the 6800 and so on). These usually have

good control structures which allow structured programming techniques to be used.

On the other hand they usually have limited data types. They are good as assembler

replacements and are used by the professional rather than the hobbyist programmer.

Another well-known language which is now becoming much more common on microprocessors
is FORTRAN. In the past, this has been used extensively to write cross compilers
and cross assemblers for micros and it has been extensively used on mainframes and

minis for scientific work. It has limited 1/0 and limited record structuring and is
intended more for the 'number crunching' type of application.
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The list of languages might continue with PASCAL, a language which may eventually become
a standard system programming language and APL for the more mathematically oriented.
By this time, however, we are getting a long way from languages which could be said to
be 'ideally suited' for business applications. Even so, all of the languages cited above,
with the possible exception of PASCAL, have been used to do just that.

Until very recently, the list of languages available on microprocessors would not have
included COBOL. This is the language which was designed for business applications and
has been an industry standard for 20 years. It has extensive data structure facilities
and sophisticated 1/0. It is above all the language that all programmers know.

Three Criteria for Language Comparisons

Before looking at a specific implementation of COBOL in some detail, I will complete
the comparison of the various languages with reference to three criteria, namely,

* ease of use
* style
* type of application

Ease of use can be split into the two main categories of maintenance and development
{see Figure 1).

Figure 1:

COBOL

PL/M FORTRAN

BASIC

ASSEMBLER APL
=

DEVELOPMENT»
Ease of maintenance is associated with the life of a system, both in terms of hardwareand software. It is probably true to say that many COBOL programs have outlivedthe hardware the were designed for, whereas at the other end of the scale, an assembler
program is normally tied to a particular processor. The person who carries out themaintenance is also important. If it is not the person who wrote the program, gooddocumentation is essential. COBOL is an English-like language designed to provideprograms which are self-documenting.
Ease of development is associated with the speed with which programs can be compiledand tested. Pure compilation speed is important, but so also are the error handlingin the compiler and the debugging facilities available to the Programmer. Interactive,symbolic debugging is the ultimate requirement.

Ease of Maintenance and Development are in may ways Simply reflections of twocharacteristics of the language itself, namely its legibility and level. Theseare shown in Figure 2 under the generic heading of style.
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Figure 2:

NATURAL

FORMAL,

LOW HIGH

LEVEL

COBOL

BASIC PL/M

FORTRAN

ASSEMBLER APL

Legibility is plotted in a range from formal to natural language. Probably the
ultimate in formality is APL for which it is sometimes said that the only way to
amend an APL program is to write another one. On the other hand it is a very high
Tevel language.

The final criterion to compare the languages against, is that of type of application
(see Figure 3).

Figure 3:
BUS

SYSTEM
SOFTWARE

NESS

COBOL

ASSEMBL

BASIC PL/M

FORTRAN

APL

SCIENTIFIC
&

NUMERIC

Business applications typically require little computation, a lot of I-0 and structured
data. Scientific and numeric applications on the other hand require a lot of computation
and little I-0. Finally, system software requires little computation, powerful control
structures, flexible data handling and last but not least, access to the hardware

registers, ports etc.

Assuming these characteristics for the three types of application the placement of the

languages in Figure 3 is self explanatory.
This comparison of the programming languages that are currently available attempts to

give an objective basis for choosing which to use for a business application. It
assumes that all the languages start equal. Even on these terms COBOL is very much

the first choice.

However, the languages do not start equal. All the surveys show that the vast
majority of business programs are written in COBOL. In order for microprocessors to

be cost effective in this area it will be necessary to protect this software
investment.

One can foresee therefore COBOL being the automatic choice for all business applications
on micros, once it has become more widely available.
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Differences Between Mainframes and Micros

cIs COBOL has been implemented initially for the Intel 8080, 8085 and 280 microprocessors
and runs under the ISIS and CP/M operating systems. It is however, easily portable to
other microprocessors and operating systems.

Portability between different microprocessors is an extremely important characteristicin pratice, since new ones appear so regularly. For the purposes of this paper howeverit will not be stressed further, and al] microprocessors will be assumed to be the same.

What is important is not so much the difference between microprocessors themselves,
but the difference between the microprocessors and the mainframe environment, where
hitherto, COBOL has been found. The CIS COBOL extensions have been designed to
deal with this new environment.

What then are the differences between the two environments? The main ones are outlined
below:

* operator interaction
programmer close to the machine* COBOL is not the programmer's main language* limited store

* ROM

It was by designing a compilation system to cater for these differences, that theCIS COBOL extensions came into being. Before looking at them in a little more detail
however, it is worth stressing the major similarity between mainframe and micros, namelythe need for standard ANSI COBOL, in order to use the existing fund of programmers.
General Description of the CIS COBOL Compilation System.
The CIS COBOL Compiler generates object code for\COBOL "virtual machine". This code is
designed for optimum representation of COBOL verbs and data types. Instructions arevariable in length so that more frequently used constructs are shorter than lessfrequent ones. A very compact form of the code is used for the "computational subset"which is the form of COBOL in which the Compiler itself is written. The code in whichthe Compiler is written and the code which it generates are both interpreted by acommon Run Time System. This consists of an interpreter which emulates the COBOLvirtual machine and two interfaces to the Operating System and CRT.
The Compiler operates in a single pass over the source code. Forward references arefixed up at the end of compilation in a table added to the end of the procedure code.The whole process is carried out by the Compiler itself; there is no need for aSeparate consolidation phase. This means that the Run Time System is able toload the output from the Compiler directly in its "fast load" facility, thereby shorteningthe application program development cycle.
When an application program has been tested it is possible to link it permanently to the

is just such a program. It is compiled with a variant of itself in which additionalcode has been included to handle the computational Subset, and it is then linked tothe same Run Time System as that used for application programs. In the case of theoverlayed form, some optional modules of the Run Time System which the Compilerdoes not use are omitted from the linkage to save space. In the ROMable form, all

supported,
Run Time System to form free standing loadable Program. Any linking convention may be

Tie Compiler itself

are
access to them.

included so that both the Compiler and COBOL application Programs may share

The whole cIS COBOL system is totally resident on the target microcomputer. TheCompiler will run in a 32K Byte microcomputer including operating system and a 5KByte Dictionary for itself. This same configuration will support application programsof the order of 5000 source statements. In order to transport the software toanother microprocessor it is only necessary to rewrite the Run Time System, sincethe Compiler is also written in COBOL and is therefore machine independent.
Operator Interaction

Probably the single most important difference between the mainframe and microenvironments is the degree of interaction. This Shows. itself both during the
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development of programs and also in the running of the application programs
themselves.

The programmer develops his microcomputer programs seated at the console, operating the
equipment himself. There is thus a requirement to provide him with debugging tools
as an integral part of the system. To be of maximum value these tools should be
interactive. They should allow him to insert breakpoints, change memory and restart
the program using addresses and statements from his (high level language) application
program.

Business application programs that are developed for microcomputers are of the
transaction processing type. One or more messages are entered in sequence using
a CRT, and files are updated immediately. The first transaction is finished (eg.
its invoice is printed) before the second transaction begins.

It was with all these thoughts in mind that CIS COBOL was supplied with an Interactive
Debugging Package of the type described above, and interactive screen handling.

CIS COBOL screen handling has two facets to it, namely formatting and cursor control.

The programmer can format the screen of any teletype compatible CRT into protected
and unprotected fields by using standard COBOL statements. The screen layout is
defined as a record in the DATA DIVISION. An ACCEPT statement nominates a record
description which permits input to the character positions corresponding to variables
identified by data-names. These may be separated by FILLERS to position them on
the screen. Conversely, a DISPLAY outputs only from non-FILLER fields in the record
description which it nominates. The programmer can easily build up complex
conversations for data entry and transaction processing.

When data is being keyed in, the operator has full cursor manipulation facilities, each
variable in the program acting as a tab stop on the screen. Non-numeric digits may not
be keyed into fields defined as PIC 9. Finally, when the operator has checked that
the data is correct, the release key is pressed and processing continues. There is
no transmission delay; all characters having been input as they were keyed in.

The CIS COBOL Compilation System is intended for use with an existing text Editor, and

is designed to be exceedingly simple to use - even for those brought up on a Basic.
The easy option allows the user to leave out all the "red-tape" statements and thus
to have simple programs up and running within ten minutes of meeting the system. This
is particularly useful for building up confidence in the early stages. If on the
other hand, the installation insists on full ANSI compatibility the ANS compile time
switch forces only standard ANSI '74 statements to be clearly compiled.

Finally, since the Compiler generates separate segments for Intermediate Code and data,
and since both the Run Time System and the Intermediate Code are re-entrant, CIS COBOL

application programs may be held in ROM. For similar reasons, the CIS COBOL Compiler
may itself be in ROM. Furthermore, segment contents are referenced relative to the

segment start, with the result that segments may be positioned anywhere in the machine.

Summary

There seems little doubt that as COBOL becomes widely available on microprocessor
systems, it will replace all other languages for business applications. Equally,
there is a need to extend what is essentially a batch processing language to take

advantage of the new environment.

The present version of CIS COBOL shows some of the extensions that are possible.
This is only the beginning however. As microprocessor based hardware becomes

more sophisticated, especially in the realms of teleprocessing and multiaccess, one

can expect to see further development to the CIS COBOL language.
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IN SUPFOR? OF COBOL

29h X.

Toe growtn of the nicrocoriputer
marzet has brou at witn it a prolif-eration of programming languayes. One
ean hardly pick uo a computer magazine
these days without finding at least
ene article describing some new way of
communiceting with e comouter. As an
individual with a deep interest in
computing, I enjoy the mental stimula-
tion that comes from reading these
articles, and applaud tine innovators
who are spending their energies on
these developmental oursuits.
As a business analyst/programmer,
however, I feel that the small systems
world has ignored the one langua;e that
is the standard for business applica-
tions, and am compelled to speak cut
in support of COEGL. I feel CCFOL has
beer: unfair y meligned and ignored for
long enough, and as we push curselves
into the business world, it is time to
set the record straignt.
I agree that COBOL is not a perfect
language, and in theory, a number of
other languages offer a greater degreeof efficiency and power, But in the
business world, theory must take a
back seat to practice] realities. So
before you brand me as a reactionaryadvocate of buggy whips, I ask that
you listen to what I have to say about
the suitability of COROL to solvingbusiness problems.
A Short History of Languarces

n e beginn ng days of computing,the choice of programming languages waslimited to those the computers under-
stood. And since they only understoodtheir own languages, people who wishedto converse with computers had no otherchoice but to learn machine languages.
As the first computers were the provinceof scientists and mathenmeticians, itwas only natural that the first symbolic held at the merey of rising laborlanguages were those suited to scienceand math. The few businesses which used

costes. Remember, in big business,
computers in those days held little in-fluence in the halls of science, and sobusinessmen suffered in silence as theyWaited for tneir printouts. And waited.And waited. And waited,

AS STAYDARD LANGUAGE
FCR SMALL BUSINESS APPLICATIONS

Dick Burkhalter, President, Diverse DeveLopnents,
Eenwooe St., Eurbank, CA 91505, 1978
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When the advent of the transistor
precipitated the boom in business
computing, things began to change,however siowly. But since the
business was big; business (and big
government), change they did. Atfirst it seemed that everyene was
developing their own language, much
the same as we see hapvening today inthe micro world. The result was, of
course, chaos. Seeing this, and
recopnizing the true need for uniforn-ity in programming practices and thedefinite need to reduce the cost of
program creation and maintenance, ourbusiness and government leaders metunder the oanner of the AnericanNational Standards Institute (ANSI)to nash out a set of specificationsfor a COimon Business Oriented Langeuage.
way COBOL?

The mein reasons for developinga standard business language were few;and quite fundemental, And they arejust as viable now as they were whenCCBOL was originally concieved. Lettsreview them briefly,
Business users realized that theproblems they wished to solve withcomputers were quite different fromthe problems of scientists and math-emiticians. And they also saw thatthese problems were common to all typesof businesses, I'il discuss thesefactors later,
Business users also reccgnized thattechnology would work to reduce thecosts of hardware, and at the sametime, economic conditions would workto increase the costs of labor, mostimportantly, the costs associated withthe professions and skilled trades,They were enxious to be able to takeadvantage of technology without being

then as now, program developmentcycles tend to be measured in years,not months or days.
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Additionally, business users recognized
the econcnic dangers of being locked
into dcing business with a single ven-
dor. They all knew how exnensive it
was to create computer software, and
Gidn't wish the cost of program cone
version to innibit their freedom to
change hardware,

And finally, business users wanted to
get out from under the domination of
their businesses by the computer pro-
"essionals. They wanted to be able to
understand proprais themselves, an"
net nave to rely on an interoreter who
often. as not, didn't even speal their
languare! So the specifications of
COBCL were written to describe a
syntax closely resembling English.
Did COEOL leet the Goals?

Yes, for tne most part. The last
requirement, that of making prograris
understandable by non-technical types,
was perhaps based on a certain degree
of wistful thinking and a lack of real
understanding of the system design
process, of which program coding is
but a small part. But the end result
is that COBOL is tne easiest to read
of all languages. That ought to count
for sone points, at least.
A look at the otner objectives reveals
that they have been met to a great
degree, and that the standardization
of COBOL has paid off in bringing very
real economic benefits to its users.

Ynat About BASIC?
that there are many of

yeu who feel that PASIC is just as
viable, if not more so, than COBOL.
These feelings are usually expressed
by peonle who have come from the mini
computer ranks rather than mainframers
like myself. However, in my mind, the
BASIC language has some serious short-
comings which place it a distant (far
distant) second to COBOL as a choice
for business systems develonnent.

BASIC was developed as a teaching
language. It was designed to instruct
students in the rudiments of logic and

computing. To that end, it has been
very successful. Personally, I feel
that the interpretive nature of BASIC
has more to do with that success than
any features of the language itself.
The problem with BASIC is that its
creators never anticivated it would
be used to write business application
programs, and so left out of the
lansuage those very things which
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support the functions mest common in
business data nrocessing, namely the
creation and maintenance of largeTiles of data and the production of
reporls based on the contents of thosefiles, These two functions, above ail
else, characterize business programs,
end the lack of standard methods of
handling these problems is the best
argunent against BASIC in business.
Conversely, the standardization of
constructs for handling these sisnifi-
cant functions is the greatest single
argument iin favor of COBOL.

Before I return to an in-depth look
at the venefits of COEOL, I feel I
rust address one last problem which
confronts the users of BASIC; the
lack of standardization of the len; -
vage itself. Not only are the various
extentions of BASIC bereft of any
commonality, but there is not even
standardizatior of the basic BASIC.
The original Dartmouth has
been so bastardized that we might
as well be writing in assembler! 'Je
have DEC's BASIC-PLUS, which is not
the seme as Data General's Extended
BASIC, which is not even the same as
DG's Lusiness FASIC. Mot to mention
IBM's, Altair'ts, Microsoft's, and on
end on, This list is endless, and
continues to grow.
I ar aware that attempts to produce
a standard for BASIC are underway,
but if attempts to standardize COBOL
were any indication, we are still a
long time away from seeing concrete
results. A lot of time and trouble
could have been saved by going with
COBOL in the first place.

Now I know

The Nature of Business Data Processing
As I mentioned before, the two

key things that differentiate business
data processing from the scientific
and mathematical are the creation and
maintenance of files of data, and the
reporting of this data in a variety of
sequences and formats. COBOL supports
these requirements better than any
other language.
First of all, COBOL, in its standard
form, not just individual vendors!
extentions, supports the four most
commonly used file access methods,
which are:

% Sequential
% Random, by direct addressing
*% Random, by relative record
% Indexed

To use any of these methods, a pro-
grammer needs only to know how to
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code a few sirple statements, and the
language processor or operating systemwill take care of all the rest.
Second, COROL allows the creation of
reports, whether they be on a hardcopy
printer or a video temainal, via a
simple set of instructions, most of
which are deta descriptions. Some
vendor's extentions, such as IBM's
Report Writer or Data General's
Sereen Section, make this work even
easier. But we're discussing the
standard COROL, not extentions.
Third, the ability to use meaningful
names for data elenents, procedure

and condition values not
only makes it possible for the non-
technical people to determine a COBOL
program's objectives, but of greater
impertance, renoves anbiguity cf
meaning anong systems analysts and
progranmers, a very critical point,
you will admit. Those of us who have
been around in this profession for
a while can attest to the problems we
often encounter in communicating with
each other, which are often just asdifficult as communicating with an
end user.
Fourth, COBOL prograr: s have the abilityto call other programs, and be called
therselves. This facility allows sub-
routines to be created, compiled andtested indevendently, which in turn
can be translated into three kinds ofbenefits:

% Large programs can be parcelled
out anong a staff, reducing the
elapsed tirie needed to completethe job
Independent testing allows the
programuing and testing effortsto proceed concurrently, which
reduces prograrmers! unporduct-ive tine and also speeds the
testing and debugging, as small
prograns are faster to debug*.Programs made up of commonlyused subroutines occupy less
space in source and objectlibraries, reducing wasted disk
space,

Another benefit of the "modular" tech-
nique is that by using this approach,a greater degree of consistancy betweenprograms is achieved. This means thatdifferences in rounding, for instancecan be eliminated. Report A alwaysagrees with Report Q, which agrees withReport F, and so on. This is a benefitnot to be taken lightly in business,

Fifth, and while we're on the subjectof modularity, it is avpropriate to
discuss the phenomena known as Struc-
tured Programming. Regardless of what
you may have read or heard, and with
due appologies to Mr. Djikstra andxr. Yourdon, structured programming
concepts that are being widely praisedas the greatest things since canned
beer and sliced bread, are nothingmore than the formalization of tech-
niques that good programmers have been
using for years. (And, I might add,the need to publish volurnes and hold
expensive seninars to explain what isin reality just good common sense,
might be legitimately be taken as a

professionals instead of tradesmen. )

comment on how far we have et to gobefore we will be recognized as true

The key issue behind the developmentof structured programming techniquesis the need to increase programmerproductivity. The need is not onlyto speed program development, butnore importantly, to reduce mainten-ance time. The nature of business
prograris is that they are changedoften and continuously, to suit the
changing needs of management. Theuse of structured techniques, combinedwith COBOL's English-like syntax anduse of meaningful data, procedure andcondition names, provides the flexi-bility that business needs and demands

7

The Labor NarketI've purposely saved my best andmost pervasive argument for COBOL forthe last. That is, the availabilityof trained seasoned business progran-mers. In a recent survey of over 5500users of propritary software conductedby Datapro Research (1), survey res-pondents were asked to indicate thepreportion of their programming thatis done in each of the popular pro-gramming languages. The results:

RPG, RPG II 20%FORTRAN
Assembly languages 12%

12%

BASIC 7%PL/1 2%APL 1%All Others 8%

These' figures show the overwhelmingpopularity of COBOL in the businessworld, certainly no surprize to thosewho have been trying to find goodprogrammers for any other language.
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What isn't so apparent from tne above
figures is that the proportion of pro-
gsramsers wno know CCROL versus those
who dontt is much greater than the
percentages shown. This is because the
COBOL shovs include the large installa-
tions which employ up to hundreds of
programmers, whereas companies which
use BASIC, FORTRAN or other languages
are most often the small cnes with a
mere handful.
What this translates to in the real
world is that installations using COBOL
have a larger labor pool from which te
draw. In today's market, this factor
often snells the difference between
setting a job done and not. As an inde-
pendent software consultant who often
uses contract prorramers, I find it
rch easier to find experienced CCECL
prograrmners than to cet, fur instance,
experienced BASIC programmers. In fact,
T am sometimes convinced that there are
only three good, experienced BASIC pro-
granmiers in all of Los Angeles, and
they all werk for my competitors. Fut
after talking with them, I find tne»
have the same probler,
The Problems With COBOL

As convinced as I am of the values
of using COBOL, I have to admit that it
is not all a bed of roses,
Until recently, there were no compilers
available to allow tne use of COBOL, so
all my arguments were moot points. Now
however, there are two, and I hope, more
to come.

The most often heard argument against
COBOL is that is inefficient (supposedly)
in use of memory. This I think is more
a criticism of the particular compilers
than of the languaze itself. I would
like to see sone of the creativity that
is now being expended in developing new
languages diverted to the »roblem of
developing some truly wondrous COBOL
compilers. I feel that the greatest
gains in the small business market will
be the result of these efforts.
References:

(1) User Ratings of Proprietary Software,
4D09-200-005, Datapro Research,
Delran, NJ 08075
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The Proposed IEEECS Floating Point Standard:
What tt Means to Hobbyists, Engineers, & Businesses

by Tom Pittman

ABSTRACT represented in the finite memory of a computer. in fact only a
The proposed IEEECS Floating Point standard is examined small subset of the rational numbers can be exactly representedfrom a user's point of view with particular emphasis on the in four or eight bytes. But every real number not larger in

magnitude than the largest representable number can bebenefits of the proposal over alternative floating point systems.
Unbiased rounding and denormalized numbers yield results which approximated by the nearest representable number. We call this
are more correct and less sensitive to roundoff error. The approximation rounding, and every time a computation gives a
exception handling requirements of the proposed standard reduce result which is not exactly representable, it must be rounded.
Spurious error messages while enhancing true error reporting. To be correctly rounded means to round to the nearest
Several examples from scientific and business application areas representable number in some unbiased way.are cited. Cost considerations of the proposed standard are No floating point hardware in common use today rounds
discussed and found to be acceptable. correctly. Most do not round at all, but chop rightmost bits off

in a variety of capricious ways. A few round to the nearest,
unless the correct result is exactly between two representableINTRODUCTION numbers, and then they round away from zero. In the first caseAt a recent meeting of the subcommittee working on the (chopping) you get the familiar result,

floating point standard it was asked, "How many of those present (1/3)x3 = 0.99999
represent actual users of the proposed standard, that is, are not which if it were correctly rounded would give 1.00000 in a binary

machine. Some of these oddities are unavoidable, and we simply
now employed by manufacturers (present or future) of floating
point hardware and are not primarily members of the academic call them "roundoff error.
community?" Of the 21 people present, only two were able to Roundoff error should not, however, lead to the peculiarityraise their hand affirmatively. It would appear that we, the which | call "ratcheting." Suppose you have three numbers, X, Yusers of computing machinery, have very little representation at and Z; we already know, because of unavoidable roundoff error,the centers of decision-making that will profoundly affect the that it is unreasonable to expect for every X, Y and Z,quality of the machines we use. Thus we are very pleasantly XHY4Z) = (X+Y}1Zsurprised that the proposed standard is in fact what we really For instance suppose Z=-Y and X is very tiny by comparison, inwant out of our machines. (X+) some or all of the low-order bits of X are lost to roundingWhat do we want floating point hardware or software to do and when Z Is added (subtracting off the effect of Y), the finalfor us? First of all, we want the answers to be Correct. sum is no longer the same as X. But if (+Z) is computed firstSecondly, we want to know if we have blundered into some its sum is zero, so the final sum is exactly the value of X.ridiculous circumstance for which there is no correct result. Suppose, however, that X is much larger in magnitude than Y orBut we do not want to be hassled with a lot of spurious error Z. The value of X dominates and you would expect to lose themessages reporting exceptions that cannot possibly affect the same bits when adding Y as when subtracting it (by adding Z), sothattesults, nor do we want to be bothered with circuitous or
excessively complicated procedures to arrive at our results. Of X = XHY-Y) = (X+)-Ycourse we want efficient through-put from the floating point Yet as long a the true value of X+Y differs from itssystem. Finally, for a standard to be meaningful, we expect not rounded-up value by exactly 1/2 in its least significant bit,only that ail implementations of the standard should produce the alternately adding and subtracting Y, that is, repeating thesame results for the same data and algorithms, but also that the computation of
representations should be compatble. Not only doe the new X := (old +Y)-Yproposed standard give us ali these things, but the ranges and will cause the value of X to creep up, unless the rounding isprecisions specified in the standard are as good as those we are unbiased.
used to getting in major mainframe computers. Retafers in California are aware of this problem in the
CORRECTNESS computation of sales tax. If they simply always round up, theywill accumulate slightlymore sales tax than they are required to! am not the final authority on correctness. lam not a pay the State. The proposed standard specifies carefully hownumerical analyst; my business is primarily custom applicationssoftware for microprocessors, though perhaps am better

rounding shall be done. Unless some other option is demanded bythe programmer, unbiased rounding is the rule.known for setting the market price for hobby software Another feature of the proposed standard which helps userspackages. But am very concerned for the quality of my to get more nearly correct results is the so-called "gradualsoftware: ! can afford to promise my customers revisions free underflow." Most implementations of floating point, when(but for the postage), because no revisions are necessary. underflow is detected, simply force the result to zero, and forWhat does it mean to get "correct" results from a floating most applications that is probably good enough. But in thispoint processor? Obviously not all real numbers can be Standard, once the exponent underflows (he. a non-zero result
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is computed which is smaller in magnitude than the smallest
normalized number), the number simply loses some of its least
significant bits and becomes "denormalized." These
denormalized numbers can be used in subsequent computation
with the result that in many cases they contribute no more than
unavoidable roundoff error. Later in this paper | will show
examples where this is a critical advantage.

It is important to realize that it is possible to achieve
correct results, at least within roundoff error, with almost any
implementation of floating point arithmetic, just as it is possible
to code any algorithm in almost any computer language. But
who wants to code in PDP-8 assembly language when Pascal or
some other high level language can be used? This brings us to
the next topic.

EASE OF USE
The floating point processor should accept our commands

and data and, if at all possible, return correctly rounded results
with no hassle. Only if there is something wrong with the
results do we want to know about it. The five exception traps
proposed by the standard are designed to cope with all of the
kinds of errors we might be interested in, and the ability to
disable the traps allows the user to ignore inconsequential
exceptions. But even if the trap is disabled, a flag bit is there
to remember that such an exception occurred, so that sometime
downstream it may be noticed.

One of the distinctive traps in the proposed standard is
Inexact. This is of particular interest to users of BASIC and
certain business systems, where the floating point processor is
used for all calculations including those for strictly integer data.
The inexact flag or trap signals a roundoff error. If it occurs,
the result is not the correct integer computation you expected.
Considering the number of business programs written in BASIC,
this may enable the ABC Widgit company to locate the reason
the company books balance everymonth, but not for the whole

year. it might help in trapping subscript calculation errors in

BASIC or any other language that uses the floating point
processor to do a fast multiply. This kind of feature will not
bother the average user ontil it is needed.

Most floating point processors today will trap on overflow.
Normally you want to know if your numbers got too big. But

sometimes youmay know that the overflowed number is destined

to be divided into another number, and you would like to tell the

machine, "set overflows to 'infinity' and continue," knowing that
later when any finite number is divided by infinity it will produce
zero. Large CDC machines do something tike this instead of
trapping. The proposed standard gives you a choice, Similarly, a
divide by zero can either trap or return infinity. These

provisions to deal with infinity are useful in the computation of
continued fractions, which are known to give efficient

approximations to certain integrals and other special functions.
For those who want to trap overflow or underflow, scale

the values, and continue, the standard provides a well-defined.

result which is correctly rounded but whose exponent part has

been adjusted (scaled) by a standard amount sufficient to move

it away from the overflow/underflow threshold for subsequent

computations.
Perhaps the subtlest convenience to the user comes from

the gradual underflow feature, from which he benefits without

traps turned off (almost everyone does so), instead of results

being forced sharply to zero at the underflow threshold, this

standard allows the gradual loss of significant bits through a
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denormalizing process, thereby extending the range, But more
importantly, the underflowed results are clearly marked. In
most cases it is probably perfectly valid to force underflowed
results to zero whenever they are negligible compared to the
quantities to which they will be added later. But if this is ever
an invalid assumption the denormalized numbers will either give
better they will probably stay around long enough to
call attention to themselves and to the fact that the original
assumption was false.

A good example of this is the computation of the square
root of the sum of squares. The obvious algorithm for this is

SUM := 0;
FOR J:= 1 TONDO SUM := SUM + X[JJ * X[J}];
RESULT := SQRT (SUM)

if this Is executed with all traps turned off, and if the result Is
a normalized number, it is correct to within noise caused by
sounding error. If the result is not normalized, then the
insertion of a half dozen statements to test whether the
overflow or underflow flage are set and scale the the

computation yields a correct result whenever one is possible. By

contrast, compare a program published by Jj. L. Blue of Bell

Labs[1] which takes three pages of code to do exactly the same

thing because he is not allowed to assume any standard responsg
to overflow or underflow. The effect of underflow is more

likely to be felt than is generally realized: in doing curve~fitting,
a computation like this is repeated until a minimum result is
obtained: the final iterations often come close to underflow.

As it turns out, this example is not unique. In matrix

multiplication underflow can be completely ignored because the
denormalized numbers contribute at most only roundoff error,
unless a final result is not a normalized number. | understand
that Horner's method of polynomial evaluation is made much

simpler with the help of denormalized numbers, because of
scaling to prevent overflow. And so on.

An optional feature in the standard is the Extended

Precision, which adds enough range and precision to the

computation to significantly diminish the accumulation of
roundoff errors without adversely affecting the speed of
computation. Extended Precision and range is achieved at low
cost by exploiting the unpacked format usually used in

implementing ficating point hardware or software, Because of
its awkward word size (not a power of two} you do not want to
define arrays of variables in this form, but Intermediate results
can be computed in extended without even the awareness of the
user of a high level language compiler, except that the results

are correct to a roundoff error in the last bit instead of the last

few bits. Consider againmatrix multiplication: each elomentwise

product is rounded, then their sum is rounded, so that the

accumulation of roundoff errors goes up with the dimensionality
of the matrix ie. the maximum possible error goes up with the

dimension; probable error goes up with the square root of the

dimension). With only eight more bits of precision (as specified
in this standard) you need dimensions greater than 10,000 before

roundoff error is likely to go past the last bit; even worst-case

errors cannot go past the last bit for dimensions less than 100.

The same reasoning applies to the sum of squares problem.

Furthermore, the extended range means that you can completely

end. Given this extended capability in the system and a good

compiler that makes use of the feature, the user need not even

be aware of its existence.

having to know anything about It in advance. With underflow ignore the possibility of overflow or underflow, except at the
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What does extended precision do for the business user? so-called "hidden bit") itis three bits less precise than the 7094
Imagine that you are trying to solve for the interest rate on a and the Univac 110 series, but marginally better than the
30-year mortgage, compounded daily. You are dealing with an hexadecimally normalized IBM 360/370. The range is exactly

the same as the 7094 and 110.equation where X, which is 1+{interest rate in %)/100, is raised to
the 10,000th power. Need say more? With eleven bits of exponent part, the double precision has

the same range as the large CDC machines and slightly more| suppose it may be argued that you get all of this and more
by going up to the next level of precision, which is true, tbut that precision. Its precision is comparable to double precision on the
brings us to the next topic. 360/370 but the range is considerably greater.

What this means is, almost any problems that ran correctly
EFFICIENCY on the larger machines will also run correctly on this system,

with results as good as or better than you are used to (withinThe proposed standard specifies two (or three] storage
representations for floating point numbers, each twice the rounding error). Somme problems that did not run correctly on
length of the next lower. That is, Short (or Single) form at 32 the larger machines will now start to give different (probably
bits, Long (or Double) at 64 bits, and possibly Quad at 128 bits. It better) answers. Some problems that seemed to run correctly on
also allows the system to support the unpacked forms, Short the other machines will die on this system as they encounter
Extended at 48 bits and Long Extended at 80 bits2]. In eight- hitherto undetectable logical flaws. On the whole, users should
and sixteen-bit CPUs the shortest format will necessarily require find the differences to be an advantage.
between 4 and 24 memory accesses just to pass the data to a When (and if) this proposal becomes an accepted standard,
(hardware) floating point processor and back for a single there will be a number of LSI circuits designed to implement
operation. Double precision would be twice that. Applications some or all of the features. Whole instruments will be designedwhich require the precision afforded by Double may be unwilling to communicate in IEEE Standard Floating Point notation", justto spend the time to compute intermediate results in Quad, but as RS-232C is a standard peripheral interface even for local

devices which could otherwise communicate in byte parallel. Nothe time to compute intermediate results in Long Extended is only
slightly more than that for Double. Furthermore, in hardware self-respecting software house would seriously consider bringing
(or software) with 16~bit data paths the extra precision and out a new package that used a format less well-designed than
range of the extended formats means nothing more than filling this, and the hooks to replace the software routines with the
out the unused bits in the separated exponent and fraction LSI hardware would no doubt be well-documented.
registers. Add a few extra registers or an on-board Eventually, (and can assure you, they tremble in their
computational stack (as most chip designers are likely to do} and boots!) the mainframers will be compelled to implement thethe memory accesses are reduced by almost half; but 80-bit standard on new machines, because the users will become aware
registers are much fess costly of chip space than 128-bit of the better quality results. suppose IBM will be the fast
registers, so you will probably get more of them or more holdout for hexadecimal normatization, and some of thefunctionality if Long Extended is implemented rather than high-speed number crunchers and signal processors may chooseQuad. to leave out most of the features through the 1980s. BeyondBut this is not the only efficiency issue. Just knowing that that, well, we really cannot see that far very well.the simplest algorithm produces correct results (because of The standard is written so that you can connect a signalcorrect rounding, denormalized numbers, etc.) will mean that the processor to a microcomputer which massages the data then
programs using a floating point processor that meets this passes it to a mini, which does further computation before makingstandard will run faster. The root-sum-of-squares problem will a binary data tape whichis fed as input to yet another computer,produce correct results most of the time with no scaling and no which passes the data to a DAC to close the loop. The sametests inside the inner loop; ali exceptional cases can be discovered binary format is used, and the same operations in each systemby testing the quality of the result. give the same results.The real efficiency issue is, do you get the right answer with Of particular note here is that the microcomputer in thea reasonable effort? chain need not have a floating point processor if its onlyfunction is to sort and select ranges of data to pass on to theCOMPATIBILITY mini. The number system is perfectly ordered on awill briefly mention two areas of compatibility which will sign-magnitude scale, and the same routine can sort with equalinterest the users of the floating point standard. The first is ease either Single or Double precision numbers (but not mixed) orhistorical or external and the second is internal or between text data or positive integers. The denormalized numbers are, asconforming implementations. you would expect, between the ordinary normalized numbers andMost of the initial users of this floating point standard (or of zero; infinity is greater than the largest normalized number andany other floating point specification that is implemented in a non--numbers are beyond that.
microcomputer environment) will be coming from an experiencewith existing floating point implementations, primarily on COSTSmainframe computers and minicomputers like the PDP-11. Those | have outlined some of the advantages of the Proposedof you who have looked at the proposed standard will notice Standard. Since there is no such thing as a free lunch, what doimmediately that the Single precision has a very similar structure we give up for all these benefits?to that of the PDP-11, but the exponent part is biased two For one thing, many of the features entail some triviallower than the DEC counterpart. The result is that the performance cost: estimates range from 1% to 20% total loss ofprecision is the same, but the range covers numbers twice as speed (while actually doing floating point operations; this islarge as those on the PDP-11 down to numbers somewhat smailer reflected in perhaps something less than 3% loss of totalthan those of the PDP-11 (due to the gradual underflow in this throughput). Since next year's semiconductor process changeStandard). With only 24 bits of significance (including the increases speeds more than that, } claim the loss is negligible.
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Some of the exception handling is complicated and will require
extra code space in software or ROM space on
microprogrammed LS! chips; wild estimates here run as high as
50%, which also corresponds to the chip size decrease In one
year. | suspect clever programmers and chip designers can
reduce that apparent overhead considerably.

One of the costs in the proposed standard is not readily
apparent to the casual user. In order for the system to give
exactly the response that makes your life easier, the treatment
of exceptions must be complicated. Many people have difficulty
understanding the whole system and how it fits together. One
of the consequences of this fact is that implementation takes a

great deal of forethought and understanding that is not
necessary for a simpler, less convenient format. This means
that the initial implementations will probably be priced a little
higher. it also means that several chipmakers will rebel and come
out with non-conforming parts, parts which either are honestly
different or which are counterfeits (seeming to conform, but
which perform differently). Sut the costs are almost entirely
design costs, which can be quickly amortized. There is no reason
to suppose that the floating point LS! chips will be any more

expensive than the LSI microprocessors, which have to go
through the same development cycles.

There is one hazard in the path between here and the
adoption of the proposed standard: it may not find enough
support in the standards committees to pass the required
three-quarters mail ballot. Mainframe representatives in the
committees will continue to drag their feet. Semiconductor
representatives may boggle at the supposed complexity, as we

have also already seen. There is rumor that academic politics
may contribute to the resistance. if it fails to pass as a

standard, it will nonetheless surely become a defacto standard,
since at least one major semiconductor house is committed to its
implementation and two or three second sources are inevitable.
Once a $200 (or so} LS! part is available to do floating point
arithmetic, minicomputer manufacturers will need to think twice
beftre designing new systems that do arithmetic differently.
When the word gets out that its results are better than most

alternatives, the rest of the world will be compelled to go along.

CONCLUSIONS
| have tried to show that the proposed floating point

standard will give results that engineers and businessmen can
trust. Ihave tried to show that the way to get these results is
often by the simplest and most obvious programs, as might be
used by an unsophisticated hobbyist. And | hope i made it clear
that the up front costs of getting good results are not
significantly more than the costs for mediocrity.

You, the user, are the final judge. You will have a chance to
use this standard: "Try it - you'll like it."
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SPECIFICATIONS FOR A PROPOSED STANDARD FOR FLOATING POINT ARITHMETIC

by Jerome T. Coonen October 1, 1978

INTRODUCTION

PART i: NARRATIVE DESCRIPTION OF THE STANDARD
ARITHMETICThis draft standard is one of several before an IEEE

subcommitee whose goal is to standardize floating point BASIC LEVELS OF PRECISION
arithmetic for mini- and micro-computers. This is the seventh
ina series of drafts, the first of which was presented by Harold Any nonzero real number x may be expressed as x 42° * f,
Stone, William Kahan and Jerome Coonen in May, 1978. The where is a signed integer and 1 < f <2. We call this the
present document benefits from extensive discussions in floating point" representation of x, with exponent and
previous meetings of the IEEE subcommitee. The author wishes significant digit field f. Our object is to describe a machine
to acknowledge the help of Professor William Kahan and Tom representation for real numbers based on this floating point
Pittman in preparing this draft. decomposition, and to prescribe rules for arithmetic on these

numbers. in our scheme, e and f will be represented by bit
This proposal specifies meticulously its data formats and its strings of prescribed lengths so that necesarily only a finite

very complete complement of arithmetic operations down to the subset of the real numbers will be representable exactly.last bit. it must do so to be of use to the producers of
micro-processor hardware and software, who cannot afford to This standard for floating point arithmetic admits two basic
provide the support software and personnel to perform levels of precision, SINGLE and DOUBLE. It is possible that a
conversions between systems conforming to a less rigid third, QUAD, will be added. An implementation of this standardStandard. The present standard would allow communication may provide SINGLE only, or both SINGLE and DOUBLE
between systems at the data level without conversions. precisions. We require SINGLE in all standard systems,

recognizing both its value a a debugging precision and its
While this standard is precise in its specification of the results efficiency for a wide range of applications where storageof arithmetic operations, it must be flexible enough to economy matters.

accommodate a variety of computer architectures (e.g. stack,
muiti-register, single-accumulator, storage-to-storage, We will discuss only SINGLE here, referring the reader todedicated auxiliary processor,...} and several possibie levels of PART 11 for the analogous details of DOUBLE. A normalized
implementation (SINGLE precision ony, both SINGLE and nonzero number X in SINGLE precision has the formDOUBLE precisions,..). At the same time it must allow for x = E18 * 2E-127 4 .F) wherefuture developments; some of them, hitherto precluded by
iW-advised aspects of current designs, should instead be Ssupported by the new system's design in so far as that support is sign bit bit string of length one
achievable without an excessive burden upon the performance of E = blased exponent bit string of length 8 encoding

Integers in the range 0 to 255today's tasks. Among the necessary developments are: F significand = bit string of length 23 encoding thoseInterval Arithmetic, which provides a certifiable result of X's significant bits that follow the binary point,despite roundoff and over/underflow and other exceptions; yielding a 24 bit significant digit field for X thatand always begins "1.° *.
In terms of the above decomposition of X as a normalizedA degree of collaboration between numerical (approximate) number we have the following relations provided 0 < E < 255:procedures on the one hand and automatic symbolic

algebraic (exact) prodedures on the other; and
sign of X = 1
e = E-127 X's unbiased exponentThe use of reserved operands to extend the numerical data

structure, say with complex infinities, or pointers into f = 1.F = X's signifcant digit field.
heaps of numbers with extended range and precision. Note that the leading 1 bitof X's the significant digit field fThe new standard takes great care in the handling of is "implicit" in the storage representation. The values 0 and 255exceptional conditions such as over/underflow. An attempt has of E are reserved to designate special operands to be discussed inbeen made to achieve a higher level of safety than has been later sections, It may at least be noted here that signed zero iscustomary, with enhanced utility but without excessive cost. represented by E = F = 0. With this constraint on E, aThis will impact existing software in the following way. normalized nonzero SINGLE precision number X can range inPrograms, which run now in higher level languages like FORTRAN magnitude betweenshould be portable to a system with the new standard arithmetic

at the cost of a modest amount of editing and a recompilation, 216 = 2-126 *1.000...00 and 2727» = 2128,and then should execute with results almost certainly no worse inclusive.than before, though programs which used to give incorrect
results might now give diagnostic messages instead.
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PRELIMINARY --

The number
string

X above is represented in storage by the bit

This encoding has the special property that the order of
floating point numbers coincides with the lexicographic order of
their machine counterparts when interpreted as sign-magnitude
binary integers.

The normalized nonzero SINGLE precision numbers are
elements of a finite model for the real number system, a model
we shall develop further in the following sections. in this model
the normalized nonzero SINGLE precision numbers simply
represent themselves as infinite precision real numbers.

ARITHMETIC OPERATIONS

The following arithmetic operations are completely described
by this standard:

ADD
SUBtract
niULtiply MOVe
D1Vide SQuare RooT
binary INTeger_to DECimalstring
deciaml 4STRing_to_BlNary integer
BINary floating to DECimalfloating
DECimalfloatingto BINary_floating

REMainder
CoMPare

INTeger_part
Floating to_!NTeger
INTegertoFloating

The description is complete in the sense that, given operands at

any levels of precision, and given the precision desired for the

result, the result is specified by the standard. we refer the

reader to PART I for tables detailing the operations.

An implementation of this standard must at least provide

1. ADD, SUB, MUL, DIV and REM for any two operands of the

same precision, for each supported precision, with the result

having no less exponent range than the two operands.

2. CMP and MOV for operands at any, perhaps different,
supported levels of precision (in the case of MOV the second

operand is the destination}.

3. INT and SORT for operands at all supported levels of
precision, producing results at the precision of the specified
destination.

4. Conversions between floating point integers and binary

integers in the host processor.

5. Binary decimal conversions to and from all supported levels

of precision. These conversions are supported by conversions

between floating point integers and decimal strings. A section

of PART II is devoted to the details of these operations.

This standard provides a notably complete set of arithmetic

operations in an attempt to facilitate program portability by

guaranteeing that results obtained using standard arithmetic may

SUBJECT TO REVISION

be reproduced on different computer systems, down to the fast
bit. SORT is included as a primitive operation because it appears
so often, for example in matrix calculations, and because, when
implemented in hardware according to published algorithms, its
execution time is comparable with that of a divide. In many
current systems, SORT is implemented too slowly and/or too
inaccurately, so that unnecessary effort is expended coding
around it. The same applies in the case of REM. We point out
that REM is preferable to the MOD function because REM is
computed without rounding error. Consider, for exanple

0.01 MOD versus 0.01 REM (-95)

ona 2-digit machine. OD yields the result round(-94.99) =

-95 for a complete loss of accuracy while REM yields the
correct result 0.01. The standard!s insistence upon standard
binar y-decimal conversions is both a reflection of the delicacy
of the calculations involved and an attempt to allow comparison
of data from different systems at the decimal output level
rather than via hexadecimal dumps.

SI E F

ACCURACY AND ROUNDING

Every operation except MOVE and COMPARE is presumed to
deliver its result to a destination no narrower than its input
operand(s). Besides simplifying the narrative, this constraint
avoids unnecessary complexity in the implementation. Systems
which implemented the rare operation

DOUBLE * DOUBLE -> SINGLE

directly instead of indirectly via

DOUBLE * DOUBLE -> DOUBLE
MOVE (ROUND) DOUBLE > SINGLE

would enjoy a slight advantage in speed and rounding error at

the cost of a richer instruction set and considerably more

complicated responses to over/underflow. There are better

WaySe

The simplest systems may restrict their instruction sets to

allow no mixed-precision operations besides MOVE and

COMPARE, providing only

SINGLE * SINGLE -> SINGLE and
DOUBLE * DOUBLE -> DOUBLE,

but they would not support efficient numerical computation

adequately. There are many occasions when constructions like

SINGLE + SINGLE -> DOUBLE or

(SINGLE *S INGLE ->DOUBLE }#DOUBLE ->DOUBLE

ought to be used in innermost loops, and then the costs of

"padding" like
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(SINGLE -> DOUBLE) + DOUBLE -> DOUBLE or

(SINGLE -> DOUBLE) * (SINGLE -> DOUBLE) + DOUBLE ->
DOUBLE

respectively become unnecessary nuisances. Rather than
prohibit mixed-precision operations, the standard is designed to
encourage the provision of some such operations, though it is
unreasonable to expect operations that cater to every possible
combination of input types and yield results at every supported
precision level.

What is needed is control over the precision to which a result
is rounded independent of the ostensible precisions of the input
operands. This is achieved in a standard system in either or
both of two ways. One way is to specify the width of the
destination subject to the constraint,mentioned above, that the
destination be no narrower than the operation's input operands
(except for the operations MOVE and COMPARE). The second
way is to specify in advance the precision to which a result is to
be rounded subject to the constraint that that precision be not
too wide for the intended destination. For instance, the
standard allows for operations of the form

(SINGLE*DOUBLE) rounded to SINGLE) -> DOUBLE.

Operations like that are appropriate for a system which, in an
attempt to economize on the size of its instruction set, delivers
all results except those of MOVE and COMPARE only to the
widest destinations supported by the system. Such a system
would encourage a healthy practice, namely the preservation of
intermediate results for a long expression in the widest available
precision, with just one serious rounding error at the end when
the expressions value is stored in a narrower destination. But
that healthy practice is practically precluded at present by
ill-considered constraints built into current programming
languages. Therefore, the standard's specifications for
roundoff control are burdened by the complications necessary to
provide, on the one hand, compatibility with past practice
however il-advised, and on the other hand an opportunity for
better procedures in the future.

if the result of one of the arithmetic operations, when
Computed to infinite precision, is exactly representable within
the exponent range and precision specified for the result, thenit must be given exactly. Otherwise the result must be rounded
according to one of the schemes to be presented in this section.
in any case, the error will be less than one unit in the last place
to which the result is rounded unless Over/Underflow or some
other such exception intervenes.

To Mustrate the rounding modes we fet z be the infinitely
precise result of an arithmetic operation. Then we determine
Z1 and Z2, numbers representable exactly with the precision of
the intended destination field, such that Z1 and Z2 most
Closely bracket z, thatis Z1 &2< 22, barely. Certain details
Concerning the exponent range and the alignment of the binary
point of Zl and Z2 are deferred to PART Il. We then have:

Round_to_Nearest(z) Unbiased Round{z) = the nearer
of Z1 and Z2 toz; in case of a tie choose the one of Z1
and Z2 whose least significant bit is 0.

208

Round- = Chop(z) = smaller of Z1 and Z2in
magnitude.

Round(2) = Z2.
directed roundings

Roundo""MinuInfinity{z) = Z1.
As noted, the latter two rounding modes are often referred to as
the "directed roundings". They are intended to support
Interval Arithmetic and to calculate certifiable upper and lower
bounds, and to control conversion to integers. Round to Zero
is useful too in controfling conversions to integers in accordance
with conventions embedded in certain progamming languages like
FORTRAN.

An implementation of the standard may support either of the
following combinations of rounding modes:

1. Round-to Nearest only, with Round to"Zero for
certain specified integer operations.

2. All four rounding modes.

lf more than one rounding mode is supported then
Round to Nearest shail be the default mode for all operations.
Despite the apparent redundancy of rounding to Zero, to
Plus_Infinity and to Minus Infinity, both directed roundings are
required if either is implemented. It is a false economy to
attempt a saving in the number of rounding modes implemented,
because codes are much simpler when given direct access to all
rounding modes. In interval arithmetic, for example, one often
computes the upper and lower bounds of an interval by executing
the same sequence of instructions twice, rounding up during one
pass and down the next.

Calculation of requires the so-called
Sticky Bit, as shown in PART Once the Sticky Bit is
implemented, the directed roundings may be supplied at very
little extra cost,the bulk of which ties in the mechanism, e.g.
mode bits or extra opcodes, for exercising the choice of
sounding mode. While the standard leaves this mechanism up to
the implementer, we remark that the mode bits are usually
preferable. For example, consider the interval arithmetic
computation of the previous paragraph. This task is greatly
expedited if changing rounding modes from one pass to the next
is simply a matter of flipping a pair of mode bits.

EXTENDED PRECISION

To perform the arithmetic operations on numbers stored in
SINGLE or DOUBLE pecision, a system wil generally "unpack®
the bit strings into their component fields

S = sign
E biased exponentFe significand.

Moreover, the leading bit of the significand will be made explicit,
and perhaps the bias will be removed from the exponent. Since
most current machines use data paths of widths 4, 8, 16, 32 or 6,the 24-bit SINGLE significand, with explicit leading bit, wil
likely be unpacked into a 32-bit field. Similarly, the 53-bit
DOUBLE significand may be dealt with in a 64~bit field.
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The standard provides a way to exploit this unpacked format,
by admitting SINGLEEXTENDED and OOUBLEEXTENDED
precisions; perhaps QUAD EXTENDED will be added later.
Support of the extended precisions is optional. ff implemented
at ail, only one extended precision shall be provided, namely that
Corresponding to the widest basic precision supported.

As with the basic precisions, we will describe
SINGLEEXTENDED here, referring the reader to PART I! for
the full details of the extended precisions. SINGLE EXTENDED
is comprised of the fields

s
E
bits
F significand = a bit string of length at least 32 bits,
with an explicit leading bit followed by an implicit binary
point.

Anumber X encoded in SINGLE EXTENDED is then given by

sign = bit string of length one
unbiased exponent a signed integer of at least 11

= 2Es F

except possibly when E takes its most positive value. Signed
zero is given by E = most-negative-value and F = 0.

The exponent width is so chosen to provide at least the range
of DOUBLE precision. The most positive value of the exponent
is reaerved for the encoding of special operands to be discussed
later. Having at least eight extra significand bits greatly
simplifies the accurate computation of the trigonometric,
logarithm and exponential functions, and the power function
YX, to full SINGLE precision. Matrix calculations also benefit
from SINGLEEXTENDED accumulations of products of
SINGLE precision data. Moreover, the extra bits of precision
are so important in bdinary-decimal conversions that some
extended capability must be simulated by system software if
extended precision is not implemented; this is discussed in PART

If implemented, extended entities are assumed to be few in

number, used to evaluate complicated subexpressions, for
example. They are not intended to be indexed in arrays in

higher-level languages.

Another way to obtain most of the computational benefits of
extended precision is by using the "next higher" basic level of
precision. Indeed, QUAD may be included in the standard solely
as an alternative for thse not wishing to implement
DOUBLEEXTENDED in a system with SINGLE and DOUBLE.
One important difference between the basic and extended

precisions is the leading significand bit, which is explicit only in
the extended precisions. The section on treatment of
Underflows will indicate how special classes of unnormalized
numbers arise in the basic precisions. in extended precision, on
the other hand, the explicit leading significand bit allows

encoding of unnormalized numbers over the entire exponent
range (except, of course, the reserved value). Thus EXTENDED
is a more flexible way to get extended range than fs the next

higher basic level of precision, however it is less precise.
Moreover, inmost implemen tations, extended precision should be

faster and cheaper than the next higher basic fevel of precision

209

would be if implemented.

EXCEPTIONS

So far we have described the basic and optional extended
precisions for encoding real numbers, and we have specified a
large family of arithmetic operations on them. This is all quite
straightforward, given the word sizes of current machines and
the needs of people seeking floating point capability. A much
more interesting question remains, with regard to the exceptional
Conditions that arise during arithmetic operations - how are
the responses to exceptions to be standardized? The remainder
of this narrative addresses this question.

The standard organizes the exception conditions under the
five headings:

Invalid Operation
Underflow
Overflow
InvalidDivision
InexactResult

The following sections treat these conditions individually,
ultimately prescribing the results, if any, to be delivered in each
instance. It is important to note that these results, as standard
system responses, are independent of whether the standard is
implemented entirely in hardware or software, or in a
combination of the two. Certain diagnostic information passed
via "results" is necessarily implementation-dependent; however,
in the context of a given system, the results are uniquely
determined by the standard.

For each of the five exceptions, an implementation of the
standard may

a Force a trap to user software.
or

b. Deliver aresult specified by the standard and proceed.
or

Co Provide the user with 2 Trap Enable bit whereby to
choose (a} or oO. ie. whether or not to trap.

Whenever a choice is given, the default shall be to proceed
without a trap. The standard provides a precedence rule to
determine which single trap is to be invoked in case several
exceptions occur simultaneously.

Associated with each of the exceptions is a "sticky® flag
which is set on each occurrence of the corresponding exception,
regardiess of the system response. Each flag may be tested by a

program to determine whether an exception has occurred.
Following an exception, a flag remains set until cleared by the
user's program (or programming environment). In certain
instances, e.g. when the end of a job is obviously at hand, a
humane operating system may draw the user's attention to flags
still set, thereby perhaps reminding him of exceptions that were

overlooked by his program.

To deal effectively with traps, programmers need access to
certain vital information, ideally:
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What event caused the trap?
Where in the program?
What did the instruction try to do (what opcode)?
what were the operands (source and destination)?

In response, the programmmer will normally either:

Depart from the offending biock of code to
something utterly else.
Fix up the aberrant
after the offending instruction.
Fix up the aberrant operands
offending instruction.

result and resume

and re~execute

Sometimes the full range of information and responses is not

needed, especially when the correct result is available, possibly in

encoded form as in the case of Over/Underflow. One might
dispense with some of the above information in these cases.

INVALIDOPERATION

The Invalid Operation exception encompasses problems
arising in a variety of arithmetic operations; it is the blanket

covering those errors not frequent or important enough to
merit their own fault condition. Here are examples of
Invalid Operations:

-5
0/0 with the Invalid Division trap disabled
plus infinity + minus infinity (the infinities will be

introduced later)
Attempted arithmetic with a designated reserved
operand (these Not-A-Numbers" will be introduced
below).

We see that some invalid operations, like 0/0, cannot deliver
numerical results that would be reasonable in all
circumstances.For these situations we utilize one class of
reserved operands, the Not-A-Number symbols, or NANs. In
SINGLE and DOUBLE precisions, with the format

NANs are characterized by

sign bit (it may be irrelevant)

In extended precision, NANs have E = 0111..11, ies the
most positive exponent. The sign bit S participates in the
obvious way in the execution of statements like

and Z = X-Y = X#-Y)

~- SUBJECT TO REVISION

The nonzero significand field F of a NAN will contain

system-dependent information, for example:

a. A distinguished class of NANs, say with two leading zero

significand bits, may be used by an operating system to

initialize storage. The significand of sucha NAN may be a

name or a pointer to the region where the NAN js stored.
As we will see below, these NANs will propagate through
arithmetic operations, ultimately providing pointers to those

areas of user-uninitialized storage which are the ancestors
of meaningless final results.

b. A NAN generated by an invalid arithmetic operation on

numeric data, for example 0 * infinity, may be a pointer to
the offending line or block of code.

CG. When complex arithmetic is implemented, it is often
useful to think of infinity as a line rather than a point in the

projective plane. A distinguished class of NANs, say those
with two leading one bits in the significand, may be used in

pairs to provide the relative sizes and signs of the real and

imaginary parts of numbers tending to infinity along a fixed
ray emanating from the origin. While these entities have
the format of NANs, they contain signed numeric data and

would be handled in software invoked by traps.

d. Sometimes an operation could generate an acceptable
result but for its inability to pack that result correctly into
the intended destination (see the discussion of
over /underfiows). In such a case, a NAN could be supplied
as the "result", with a significand pointing to a place, e.g.
an extended field or a heap in storage, where the correct
result may be found.

e. Sometimes a subroutine may encounter data for which
only a partial result can be delivered in the time available.
The rest of the result canbe replaced by NANs which point
to a piece of the program which will resume execution of
that subroutine only if that undelivered portion of the
result is really needed.

f. List-oriented systems like LISP may use SINGLE
precision NANs to point to DOUBLE numerical data.

As elements of our model of the real numbers, the NANs are
extensions of the real number system. Their role in arithmetic
operations is quite simple. While certain classes of NANs, for
example those in (c) above, will cause an invalid operation
exception when picked up as operands, NANs will generally
propagate through arithmetic operations without generating
exceptions. For example 5+n n if nis a NAN. If two
NANs are picked up as operands, the one with the smaller
signiticand has precedence; this is more precisely specified in
PART

E FSI

111...11
F not= 0.

We now specify system action on Invalid "Operation
exceptions. If no trap is to be taken then the result of any
Invalid_Operation is a NAN bearing some system-dependent

X=-Y
without loss of information in the event that Y isa NAN witha information.
numerical connotation.
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\f an Invalid Operaton occurs and a trap is to be taken, the
result, if any, to be delivered is highlymachine-dependent as well
as operation-dependent. In some iknplementations, the trap will
effectively occur before the operation is carried out, so no result
need be written into the destination field. On the other hand,
the trap may be invoked too late by some machines, i.e. after
some result is produced and delivered. In this case the usual
result is a NAN, though an implementation may, in certain
situations, deliver a numeric result, for example it may make
sense todeliver -5 in place of -5; these special cases are
noted in PART Ii.

UNDERFLOW

Exponent Underflow is the most interesting of the exceptions
because of the care taken by the standard to provide as much
information as possible when proceeding without a trap. in the
case of Overflow, on the other hand, a bare minimum of
information is passed; this is discussed in the next section. For
this reason, the range of normalized numbers in SINGLE and
DOUBLE precisions has been chosen to diminish slightly the risk
of Overflow compared with the risk of Underflow. This was
done by picking the exponent bias and alignment of the binary
point in the significand in such a way that the product of the
largest and smallest positive normalized numbers is roughly 4 in
both of the basic levels of precision.

We now discuss the treatment of Underflows. In each case we
let z be the infinitely precise nonzero result of an arithmetic
operation and we let z have the form

z= +20 ef where

e is a signed integer and 1< f <2. We prior
knowledge about e. Note that before rounding z we check
whether or not we'll trap on Underflow, if it occurs.

If a trapis to be taken on Underfiow, then z is rounded to
the precision of the destination field. If the exponent lies below
the exponent range of the destination field then Underflow
occurs. Because of the restrictions on arithmetic operations
presumed under "ACCURACY AND ROUNDING®, the exponent
can be out of range by at most a factor of two, except to the
MOV instruction which is discussed in PART 11. The exponent is
wrapped around into the desired range with 2 bias adjust
specified in PART The result is then delivered to the
destination and the trap is invoked.

If no trap is to be taken on Underflow, then the exponent of
our infinitely precise result z is tested before rounding. If it lies
below the minimum possible exponent of the destination field,
then z is "denormalized", that is:

the significant digit field of z is right-shifted
while z's exponent Is incremented until it reaches
the minimum possible exponent of the destination.

Then z is rounded to the precision of the destination field, and
the result is delivered, in a manner to be described presently.
Unless z rounds up in magnitude to the smallest nonzero

normalized number, Underflow is signalled.

To Wustrate the denormalization
example: Let Z = +2-1301,01101... and suppose that
the destination is 2 SINGLE precision field. As a further
simplification let us assume there are only 6 bits of precision to
be carried, plus the implicit leading bit, in SINGLE. Then

process let us consider an

Z = We} 01101... -130 < -126 so we denormalize

Z = 2-12600,000101101... we round (to nearest,say)

X 2-1269,000110 = the result to be delivered.

We call the above result X a "denormalized number" in
SINGLE precision; itis a special type of unnormalized number,
namely one with the smallest possible exponent for the given
basic level of precision. Note that the exponent of a
denormalized number links it to a basic level of precision. We
will discuss only SINGLE precision denormalized numbers here.
DOUBLE precision is essentially the same; see PART I! for
details of the differences. In terms of the format

is} E | F !

a SINGLE precision nonzero denormalized number X is encoded
as

S = sign bitE=0
F nonzero string of bits to the right of the binary point

of X.

We reconstruct X via the formula

X = (IP * 21% « «,F)

observing that E is not the true biased exponent in SINGLE
precision. Comparing this formula with its analogue for
normalized numbers we see that, when unpacking a denormalized
number, the 1-bit that would have gone to the leading bit of the
significand for a normalized number Is instead added into the
unbiased exponent E-127+1.

The denormalized numbers and signed zeros are the family of
reserved operands corresponding to a biased exponent of zero.
The values +0 are obtained just when F =0 above. Zero may
result from an Underflow, depending on the rounding mode,
when the Underflow is so severe that all nonzero bits are shifted
out of the significand field.

The denormalized numbers and +0 join the normalized
numbers and NANs as elements of our model of the real numbers.
Both +0 and correspond to the real number and are
identical in every operation except division; this will be
discussed along with Invalid Divisions. A denormalized number
X represents, roughly speaking, all of the real numbers which
would round to that bit-string X in the specified rounding
mode and precision. We note that the denormalized numbers are
designed not so much to extend the exponent at any level of
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precision, but rather to allow further computation with some
sacrifice of precision in order to defer as long as the possible
the need to decide whether the underflow will have significant
consequences.

In add/ subtracts, denormalized numbers behave in much the
same way as normalized numbers, with never more than a
rounding error committed in any operation. The situation is
different in multiply/divides, where multiplying a SINGLE
precision denormalized number by a large power of 2 and
attempting to store the result in SINGLE is an
Invalid Operation. The unnormalized significand, having
suffered loss of precision during some prior Underflow, may not
be promoted to normalized status merely by multiplication. If,
however, the destination had been an extended field, the
unnormalized significand with large exponent would have been a
{perhaps temporarily) legitimate result. PART gives the full
details of denormalized numbers in arithmetic oprations.

The implementation of denormalized numbers, whether in
hardware or software, is required only of those systems in which,
on Underflow, users may proceed without trapping.
Implementations not supporting denormalized numbers, and thus
forcing a user trap on every Underflow, must nonetheless sense
the denormalized numbers as bit strings, when they are picked
up as operands, and generate an Invalid Operation fault. Note
that implementations whose default, or only, option upon
Underflow is to underflow abruptly 0i. from anything smaller
than the smallest normalized number) to zero, do not conform to
the standard.

OVERFLOW

in contrast to the graceful treatment of Underflows in
no-trap situations, Overflows are dealt with swiftly and surely,
with a corresponding loss of information. It is noted in the
discussion of Underflows that to take the greatest advantage of
the treatment of Underflows, the number system is slightly
biased away from zero, in the hope of making Overflows more
rare than Underflows.

We now discuss the treatment of Overflows. In each case we
let X be the normalized result of an arithmetic operation, we
assume that X has been rounded to the Precision of the
destination field and that X has overflowed the exponent range.

if a trap is to be taken then, because every arithmetic
operations's result goes to a destination no Narrower than its
input operands, the exponent can be out of range by at most a
factor of two, except for the MOVE operation which is
discussed in PART The exponent is wrapped around into the
desired range with a bias adjust specified in PART This
result is delivered to the destination field and the trap is
invoked.

If no trapis tobe taken, then infinity with the sign of X is
written into the destination field.
precision with format

In SINGLE and DOUBLE
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1S] F

infinity is encoded as

S = sign bit
= 112011

Fe 0.
In extended precision
exponent and F = 0.

E = 0111...11 = the most positive

The signed infinities and NANs thus comprise the family of
reserved operands with most positive exponent. As elements of
our model of the real numbers, the infinities are given two
interpretations. In the Affine Closure,

minusinfinity < fealnumbers < plus infinity.

But in the Projective Closure the sign of infinity is ignored, ie.

infinity minus infinity = plus infinity,

and all comparisons between infinity and a real number involving
order relations other than = or not= are invalid operations.

Aside from the compares, all operations on the infinities in the
two closures are the same except that both

infinity + infinity and infinity ~ infinity

are Invalid 4Operations in the Projective Closure. Systems
supporting the infinities shall provide an Affine/Projective
mode bit so that choice of closures can be made under program
control. The Affine mode is the default mode, and is
appropriate for most engineering calculations involving
exponentials or disparate time constants or infinities generated
by overflows. The Projective mode is appropriate for real and
complex rational arithmetic, for continued fractions, and for
infinities generated by division by zeros which are not generated
by underflows.

The infinities interact with +0 ina very special way. It was
noted in the last section that, aside from a trivial exception
noted in PART II, +0 and participate identically in all
operations except division. The only way to distinguish +0 and

arithmetically is to use the fact that

+1/+0 = plus'infinity > +1/-0 = minus 'infinity

can be recognized in the Affine mode. In terms of our model of
the real numbers, this situation is to be expected. Since we
associate the two elements +0 with the single real number 0, we
should not be able to distinguish machine using arithmetic on
real numbers; rather, we find that we can disitinguish them only
in a proper extension of the real numbers that includes
infinities.

As we saw in the case of Underflows, systems forcing traps
on Overflow need not support infinities but must recognize
them when they are picked up operands for arithmetic
operations, and generate an invalid "Operation exception.

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 212 1978 November 3-5 f f t Los Angeles, California



3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302

INVALID DIVISION

The Invalid Division exception arises when a zero divisor
occurs in a division operation. it also arises when a AD
denormalized divisor is picked up in a system not implementing SUBtract
division by denormalized numbers; see PART I} for details.

If the divisor is zero and the dividend is nonzero, the result is
infinity with sign according to convention.

If both the divisor and dividend are zero, or if the divisor is
(too far) denormalized, then if the Invalid Division trap is
enabled, it is invoked; if a result must be delivered it is a NAN.
If the Invalid Division trap is disabled then an
invalid_Operation exception arises; if a result must be delivered
it isa NAN,

INEXACTRESULT

The InexactResult exception arises when a round-off error
is committed in an arithmetic operation. It is intended for
essentially integer calculation as in COBOL and to facilitate
multiple precision calculation. The rounded result is delivered
to the destination field and the trap is invoked if enabled. When
this exception occurs together with OverUnderflow, the latter
traps have precedence.

PART Ii: SPECIFICATIONS FOR STANDARD ARITHMETIC

BASIC LEVELS OF PRECISION

SINGLE and DOUBLE are the basic levels of precision. A
standard system shall provide either SINGLE only, or both
SINGLE and DOUBLE. In addition a system may provide the
extended precision corresponding to the widest basic precision
Supported.

The tables that follow deta the levels of precision and the
data types specified by this standard. Of the reserved operands,
the denormalized nunbers and infinities need not be implemented
in hardware in systems trapping to user software on ail
Overflow, Underflow and Invalid Division exceptions, provided
these operands cause an Invalid Operation exception when Invalid Operation
picked up as operands in an arithmetic operation.

The signed infinities, when implemented, will be interpreted in
either the Affine or Projective closures of the real numbers. In
the latter case the sign of infinity is ignored by the add,
subtract and compare instructions, ie. "plus" and "minus"
infinity are treated as the same, unsigned, infinity. Choice of
closures shall be exercised via the Affine/Projective mode bit,
which may be sensed and changed by user programs. Affine mode
shall be the default for all arithmetic operations.

PRELIMINARY -- SUBJECT TO REVISION
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ARITHMETIC OPERATIONS

The following arithmetic operations are completely described
below:

REMainder INTeger part
CoMPare Ftoatingto INTeger

MULtiply MOVe INTeger to Floating
Divide SQuare RooT
BiNary_integer_to decimal|STRing
decimal STRing to binary INTeger
BINary_floating_to) DECImal| floating
DECimal| floating_to BINary_floating
An implementation of this standard must at least provide:

1. ADD, SUB, MUL, DIV and REM for any two operands of the
same precision, for each supported precision, with the result
having no less exponent range than the operands.

2. CMP and MOV for operands at any, perhaps different,
supported levels of precision (in the case of MOV the second
operand is the destination).

3. INT and SQRT for operands at all supported levels of
precision, with the result having the precision of the specified
destination.

4. Conversions between floating point integers in all supported
levels of precision and binary integers in the host processor.

5. Radix conversions, as described in a separate subsection
below.

All operations except MOV must have a destination field with
exponent range at least as wide as the range of their wider
operand.

For simplicity, the arithmetic operations are broken into two
steps. In the first step a preliminary result Z is formed and, if
numeric, rounded to the precision of the destination. This step
is peculiar the the specific operation. In the second step the
result Z is delivered to the destination, any exceptions are noted,
and any traps invoked. The second step is the same for ail
operations except REM and MOV; the minor differences are
noted.

One or more of five exceptional conditions may arise during
an arithmetic operation: Overflow, Underflow, Invalid Division,

and Inexact Result. For each of the
exceptions, an implementation of the standard may

a. Force a trap to user software.
or

b.
or

Ce

Deliver a specified result and proceed.

Provide the user with a Trap Enable bit
whereby to choose (a) or (b).

Whenever a choice is given, the default shall be to proceed
without a trap. Associated with each of the exceptions is a

sticky flag whichis set on the occurrence of the corresponding
exception, regardless of the system response. The flags may be
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Length in bits
Fields:

S = sign
E = exponent
F = significand

~- SUBJECT TO REVISION

INGLE OOUBLE

32 64

1 1

(1)+23 (1)+52

Storage format: SIE F {S| E F

Interpretation of sign:
Positive
Negative

Normaiized numbers:
Interp. of E unsigned

Bias of E

9
1

0
1

integer unsigned integer

127 1023
Range of E 1 <= E <= 254 1 <= E <= 2046
Interp. of F significant digit significant digit

field = 1.F field 2 1.F

Relation to
represented 1)Se26-1270(4.F) (-1)$e2E-10230/1 .F)
real number

Signed Zeros:
E

Reserved Operands:
Denormalized numbers:

E=
Bias of E

0
0 0

0
126 1022

Interp. of F significant significant digit
digit field fleld = 0.F
0.F

Range of F

Relation to
represented
Aumber

honzero nonzero

(-1)$*2-126s(9.F) (-1)5e2-10228/9,F)

Signed tnfinities:E=
F

Not-A-Number, of NAN:
E =
Range of F
Interp. of F

Ranges:

Max positive
normalized = 1. 7*1038

Min positive
normal ized =1.

Min positive

255
0

2047
0

255
nonzero nonzero
system-dependent diagnostic and
possibly numeric information

2047

a1260(2 2-23) 210226;

9-126 9-1022
2#10-38 = 2.2919-308

9-149 9-1074
denormal ized = 1,4%40-45 = 4,9910-324
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EXTENDED PRECISION

S NGLE EXTENDED DOUBLE EXTENDED
Length tn bits >= 44 80Fields:

S sign 1 1
E exponent >= 11 15
F significand >= 32 64

Storage format: not specified beyond minimum field widths
interpretation of sign:

Positive 0 0
Negative 1 1

Interp. of exponent: unsigned integer
Max E

unsigned integer
1023 16383

Min E <= -1024 -16384
Nonzero numbers:

Range of E Min E to (Max E 1) Min E to (Max E - 1)
Interp. of F significant digit field with binary point

to the right of the leading bit
Relation to
represented (-1)5*2EsF (-1)S#2Eer
number

Signed zeros: use special indicator or condition bits, or else
E Min E Min E
F 0 0

Reserved operands:

Signed infinities: use special indicator or condition bits,
or else

E Max E Max E
F 0 0

Not-A-Number symbols,
or NANs: use special indicator or condition bits, or else

E Max E Max E
Range of F nonzero nonzero
Interp. of F system-dependent diagnostic and possibly

numeric information
Ranges:

Max positive >= 210226(2 _ 2-31
by 2163826/2 2-63)

normal ized = 9*103 = 6#1094931

29-1024 2-16384Min positive <=
normal ized = 5.6*10-309 = g*10-4933

2-1055 9-16447Min positive <=
unnormalized = 3910-318 = 99109-4952

Note that table entries giving specific values for the exponent E
of the zeros and reserved operands depend on the number of bits in
the exponent field.
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Align the binary points of X and Y by unnormalizingsensed and changed by user programs. Following an exception, a b. 1)

flag remains set until cleared by user software. the operand with the smaller exponent until the

exponents are equal. Note whether either of the
resulting significands is normalized (for step 4 below)A system providing a trap on an exceptional condition must

give sufficient informatkon to allow correction of the fault.
2) Add the operands, yielding a result which may be viewed

The correct result may be given encodedl, as in OverUnderflow as:
with exponent wraparound or in a heap pointed to by a NAN

_-_written into the destination. On the other hand\ if no numeric
result can be given, the opcode and aberrant operands must be |sgn| lexp| VIN.

_-_
provided; in this case if the destination field is the same as one
of the source fields then the trap must be taken before any <--rounding precisior-->
"result" is written over the source operand

where the binary point follows N and S = sticky bit =

While the specifications of the arithmetic operations indicate logical OR of all bits to the right of R.
that NANs propagate through operations without raising

3) Addition of magnitudes: If V=1 then right shift one
exceptions, a system may raise the Invalid Operation exception bit and increment exponent. During the shift R is
for a system-specified distinguished class of NANs. If the ORed into S.
Invalid Operation trap is enabled it should be invoked at the

4) Subtraction of magnitudes: If, after binary pointstart of the operation, i. before any results are produced; if
the trap is disabled a NAN should be generated as in any alignment in(1), either of the operands was normalized
Invalid Operation. then

i If all bits of the (unrounded) significand are
In the event that two NANs occur as operands in an zero, set the sign to "+" in rounding modes

arithmetic operation, and neither is designated to cause an
Invalid Operation exception the following precedence rule

RN RZ, RP, and set the sign to in mode
RM, as in case A of (a) above. Moreover, since

determines which will be propagated as the result of the both operands were normalized after step 1

operation: above above, then the result is true zero i.e.
The sign and exponent are ignored and the signficands are the exponent is set to its most negative value.
compared as numbers of the form O.bbbb..., ie. the

ii) Otherwise (some significand bit is nonzero)...leading bit, whether explicit or implicit, is taken to be 0. Normalize the result te. left shift the
The NAN whichis smaller by this comparison is the result
of the operation.

significand while decrementing the exponent
until N 1. S need not participate in the left

oye: In the tables specifying the arithmetic operations, the shifts; either zero or Smay be shifted into R
entry "M" indicates that the above precedence rule is to be from the right.
applied to two NANs picked up as operands.

5) Round| as specified under ROUNDING®

CoADDSUBTRACT In Affine mode (+infinity) + (tinfinity) -> (+infinity) and

(-infinity) + infinity) -> Cinfinity). In Affine mode on
Form a preliminary result Z = X+Y. On aSUBTRACT set Y (tinfinity) + Ginfinity) and (-infinity) + (infinity), and in all

= -Y and ADD. Z is given by the following table: cases in the Projective mode, signal Invalid Operation, and
if a result must be delivered set Z to NAN.

Y MULTIPLY
+ Y | +0 +infinity NAN Form preliminary result Z = x Y. Z is given by the

+0 a Y Y Y following table, with sign = exclusive OR of the input signs:
x v x b Y Y

+inf x X c Y
NAN x x x M x * Y +0 V tinf NAN

where V is any nonzero number, possibly unnormalized.
I +0 Y

x | gh j Y
tinf j j Yae +| -0 +0

I NAN x x M

A-0| -0
+0| A +0 where V is any nonzero number, possibly unnormalized. (Perhaps

the standard should specify that NAN * 0 9)
A = +0 in rounding modes RN, RZ, RP and--0 in rounding mode

RM.

7

Y
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&- Z=0 with sign.
he 1) Generate sign and exponent according to convention.

Multiply the significands. The result may be viewed as:
decrement exponent. S need not participate in the left

__ the right. (The standard may allow a
shift; either a zero or S may be shifted into R from

isgnl jexp| [VIN. IGIRIS| if N=0 after the first.)
3) Round as specified in "ROUNDING",<--rounding precision-->

*
These divisions may be implemented provided the result has nowhere the binary point follows N, and S = sticky bit = or one more significant bit than the operand with the fewerlogical OR of all bits to the right of R. significant bits. The standard may allow divisors whose2 if V=1 then right-shift the significand one bit and significant digits have the form 0.1bbb... where the b's are

increment the exponent, and go to (4). Else, when either 0 or 1.

REMAINDER
3) If N=0, then left shift the significand one bit and

decrement the exponent. Sneed not participate in the Form the preliminary result Z = remainder when X is dividedleft shift; a zero or S may be shifted into R from the by Y, with integer quotient Q. Q does not participate in STEPright. (This step is contentious, and may not be
included in the standard.)

TWO of the operation unless an exception is raised there, in
which case if Z is set to NAN then Qis assigned the. same value.

4) Round, as specified under ROUNDING". Z and Q are given by the following table, with the sign of Q
Signal Invalid Operation. If a result must be delivered, set

given by the exclusive OR of the signs of the input operands.
Z to NAN, Y

je Z = nfinity with sign according to multiply convention. 1x7 y I +0 unnorm norm tinf NAN

+0 wil x x x YDIVIDE x w2 w y x Y
w2 w| +inf w w YForm a preliminary result Z = X/Y. Z is given by the NAN x x x x M

following table, with sign = exclusive OR of the input signs:

Y
where V is any nonzero number, possibly unnormalized.

we Signal Invalid Operation. If results must be delivered thenX/Y 1 +0 unnorm norm +inf® NAN
NAN

set Z and Q to NAN,

+0 i m m x x wi. Signal Invalid Operation. If results must be delivered thenY
set Z to X and Q to NAN,k 8 Y+inf 1 k i j m Y

NAN x x X x M
w2. Signal Invatid-Operation. If results must be delivered then

set Z to 0 with the sign of X and set Q to infinity with sign
according to divide convention.

where V is any nonzero number, possibly unnormalized.
Q=0 with sign. Z=X. (This is equivalent to (y) when the(Perhaps the standard should specify that NAN / infinity = 0). divisor is 0.)

ge Z=0 with sign. Yeo Set Q to the integer part of X/Y, with sign. ff Q contains

je Z = nfinity with sign.
more significant bits than its intended destination, then
discard the excessive high order bits and signa
inexact Result. Set Z to the remainder, with sign of X.k. Z = infinity with sign. Signal InvalidDivision. Normalize and round Z as in ROUNDING®.

me Signal Invalid Division. If a result must_be delivered then
set Z to NAN,

ne 1) Generate sign and exponent according to convention.
Divide the significands. The result may be viewed as:

_-

Isgn] lexp| IN. IGIRIS|

<~--rounding precision~-->
where the binary point follows N, and S = sticky bit =
logical OR of all bits to the right of R.

2 If N=0 then teft shift significand one bit and

second left shift

V+
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23 single
SQUARE_ROOT 3 single_extended

52 doubleForm apreliminary result Z = X. Zis given by the following
63tabie:

double extended

x Z The result may be viewed as:
i

+0 x jexp| IN. IG}S}
s1

Isgnt
_-_-unnormal ized|

+unnormatized| <~---rounding precision---~>
-normalized tl
+normal ized t where the binary point is to the right of N, and S =

-infinity sticky bit = logical OR of all bits to the right of G
tinfinity x
NAN x 2) Round as specified in ROUNDING".

3) If all of the significand bits of Z are 0 then set Z to
$1. Signal invalid Operation. Ifa result must be delivered, set zero with the sign of Z. Otherwise normalize Z. S

Z to NAN. The standard may allow - -X in Se
(which was set to zero after rounding in step 2) need not

participate in the left-shifts of normalization; zero or
Se Compute Z = X to at least the number of bits required to

S is shifted into G from the right.produce a correctly rounded result. Then unnormalize Z
until it has just one more significant bit than X has. Round, MOV
as specified in ROUNDING". (The standard may classify
this as an Invalid Operation with NAN as the result.) if the source field is wider in range and precision than the

destination fleld then the MOV is an arithmetic operation. It istl. Signal invalid Operation. If a result must be delivered, set
Z to NAN. The standard may allow -X as in t. the only operation whose destination may have shorter range and

precision than its source operand. A preliminary result Z is
te Compute Z = X to the number of bits required to produce

a correctly rounded result". Round as in ROUNDING". given by the following table:

Ue In Projective mode Z=X. In Affine mode signal x Z
Invalid Operation; and if a result must be delivered then set
Z to -infinity, if possible, otherwise set Z to NAN. +0 x

"To round correctly in all cases, calculate two more bits of X
than the precision of the destination, which precision is never

+inf x
NAN x

less than that of X.
where V is any nonzero number, possibly unnormalized.

INTEGERPART
re Z=X rounded, as specified in ROUNDING".

Form a preliminary result Z = integerpart(X). Z is given by
the following table:

STEP TWO of the MOV operation differs from that of the
x Z other arithmetic operations in the following way. On

Over/Underflow with the corresponding trap enabled, the
+0 x

exponent may be more than a factor of two beyond the
exponent range of the destination. In this case the BIAS+inf q

NAN x ADJUST routine is not invoked, rather a NAN is written to the
destination field indicating that the correct result is the

(unchanged) source operand of the operation.where V is any nonzero number, possibly unnormalized.

If the destination field is wider in range and precision than the
qs Signal Invalid_Operation. if a result must be delivered then source field than the MOV is exact with one exception:

set Z to X.
In MOV SINGLE -> DOUBLE, if the SINGLE operand is

Pe 1) tf X has no (zero or nonzero) fraction bits in its
significand then set Z to X. Ouherwise... denormalized then an Invalid Operation exception arises;

deliver a NAN to the destination indicating that the
2) Right-shift X's significand while incrementing the (unchanged) source operand is the correct result.

exponent until no bits (zero or nonzero) of the
fractional part of X lie within the rounding precision in
effect. The exponent's value will then be:

p
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ROUNDING If G=S=0 then WI = W2 = W and
Round the preliminary result W of an arithmetic operation to

Z = RN(W) RZ(W) = RAW) = RM(W) = W.
Otherwise:get the rounded result Z. Four rounding modes are described bythe standard: Signal Inexact Result.

RN - Round to Nearest Set t = W with G nd S 0.
Compute T:RZ - Round to Zero

RM - Round to -infinity Add 1 to the L bit of t's significand.
RP - Round to +infinity.

If V=1 right-shift the significand one bit and
increment the exponent.An implementation of the standard may support eitherof If sgn=0 then W1 = t and W2 = T; otherwise W1two combinations of rounding modes: = T and w2 t.

1. RN only, with RZ for certain specified integer Then the rounded values are determined by:
operations. Z = RN(W) the nearer of W1 and W2 to W; in

case of a tie choose the one of W12. All four rounding modes.
and W2 whose L bit is 0.

If all four rounding modes are supported then RN shall be the RZ(W) = the smailer of Wt and W2 in
default mode for ail arithmetic operations. Magnitude.

RM(W) =WI.

some
Many systems will support more than one level of precision:

as
RP(W) = W2,

many as three (SINGLE DOUBLE STEP TWO OF ARITHMETIC OPERATIONSDOUBLE EXTENDED). When a system supports more than one
level of precision it must provide users with the option of Rounded preliminary result Z was developed in the first step.rounding to a shorter precision results intended for a wider
destination. The specification of that option will require at 1. Special cases involving numeric values of Z:most two bits of information

One bit to specify whether to round to EXTENDED or to a a. Test whether Z's exponent over/underflows the
basic level of precision; intended destination.

b. If Z is unnormalized...
One bit to specify either round to SINGLE or round to
DOUBLE, effective only when rounding to a basic level. i. If the rounding mode is RP or RM then normalize

If the rounding precision specified is wider than can be held in Z as far as possible without allowing Z's exponent
the intended destination, the latter width will prevail. The to fall below the underflow threshold.
standard does not specify how this rounding option will be Otherwise...
specified| whether by (In rounding modes RN and RZe.) if the

preset rounding mode bits ,or destination is not EXTENDED and Z has not been
denormalized by Underflow with the trap disabled,

rounding mode options in each instruction ,or then signal Invalid_Operation and Inexact Result
and if a reat must be delivered set Z to NAN,

rounding instructions which can follow the operation whose 2. OverUnderfiow cases::
result is re-rounded » Otc.

a On Over/Underflow with the corresponding trap
The number W to be rounded may be viewed as: enabled, adjust the exponent bias as specified below.

b. On Overflow with the trap disabled signal

Isgn| IVIN.
InexactResult. Then set Z to infinity with the sign

lexp| IL{GIS} of Z if the rounding mode is:

<---rounding precision---> RN
RZ

where the binary point follows N, and S sticky bit logical RP and Z is positive
OR of all bits to the right of G. V=0 at the start of rounding. RM and Z is negative.
If the exponent underflows the intended destination and the
Underflow trap is disabled then denormalize W, iz. shift the Otherwise set Z to the largest normalized number
significand right while incrementing the exponent until the representable in the destination field, with the sign of
exponent reaches its most negative allowable value. During each Z.
right-shift the G bit is OR-ed into the S bit; the S bit Is not
shifted. 3. Set the exception flags:

a. Donot signal OverUnderflow if the rounding mode isDetermine W1 and W2, numbers representable in the desired
rounding precision, as follows: RP or RM and corresponding trap is disabled.
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COmPARESbe If InvalidVivision has been signalled but the

corresponding trap is disabled, then signal
One of four conditions can result from a floating pointInvalid Operation.

Go Set the sticky exception flags corresponding to the compare:

exceptions signalled. < > differentandunordered
4. Deliver Z to its destination. (This may not be required when

certain exceptions occur.) From these conditions there follow:

5. Trap if any exception nas been signalled for which the = implies not<, <=, >=, and not>
<= and not>corresponding trap is enabled. in the event that more than < implies not=, noto=,

one signalled exception have their traps enabled, only one > implies not, not<=, >= and not=
trap shall be invoked, according to the following
precedence: The following table specifies the compare operation:

Overflow
Underflow Yi -inf +inf inf
Invalid Division x AFF nh -0 +0 AFF PROJ NAN
InvalidOperation
Inexact Result. -inf < < < < < Hil b

BIAS ADJUST AFF |

> c < < aOn over /underfiow, with the corresponding trap enabled, the

exponent of a rounded result Z is wrapped around into the
required range of the destination. Compute B = -0 > > = < a b

10 in SINGLE
1534 in DOUBLE +0 > > = = < < a b

3*2%2..2 in (SINGLE or DOUBLE) EXTENDED, where n is
athe number of bits in the signed exponent.

On Overflow subtract B from Z's exponent; on Underflow add
B to Z's exponent. tinf > > > > > Hil b

AFF Mit
inf | Mita Hille b

PROJFLUATINGTOINTEGER
1

This instruction converts a floating point integer X into a NAN b b b b b b b b
where n is a negative nunber and p is a positive number.binary integer of the host processor.

lf X is a NAN, infinity, or non-integer then leave the a. differentandunordered.
destination unchanged and set the Invalid Operation bit,
trapping if the corresponding trap is enabled. Otherwise... b. Set the Invalid Operation exception bit. If X and Y are

equal as bit strings then the result is "equal", otherwise
If X is +0 then 0 is written into the destination, with the the result is "differentand unordered". Trap if the
sign of x if the processor supports signed zeros. corresponding trap is enabled.
Otherwists. Co Determine <, =, or > by comparison of X and Y as

sign-magnitude bit strings if both have the same level of
Convert nonzero integer X toa binary integer and write
the result into the destination. If X overflows the precision, and by floating point subtraction if either X or Y

is EXTENDED or if X and Y are at different levels of
destination field then truncate excessive high order bits and

precision. The subtraction may not have to be carried out
signal integer_overflow in the host processor, if it
recognizes such an exception. completely. The standard does not yet specify the result of

the comparison when the difference is a nonzero number
INTEGERTOFLOATING with zero significand, as can be obtained only if either X or

Y is EXTENDED and one is unnormalized.
Map the binary integer x in the host processor into a floating

point integer. If x cannot be represented exactly then round as
described in ROUNDING" and set the Inexact Result bit,
trapping if the corresponding trap is enabled.

b
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PRELIMINARY SUBJECT TO REVISION

RADIX CONVERSION
from the formulaA. A system need provide standard conversion to and from

only its basic levels of precision. Conversion of log_base_10{X) = log_base_2(X) * log base 1 0f2) eEXTENDED numbers, to full precision if desired, is
straightforward and intended to be done in auxiliary
software if at ail.

It need only be computed to the nearest integer for this
calculation.

B The decimal field widths are: F. Within the conversion process arithmetic must be done to
extended precision. Systems without extended precision1. SINGLE: up to 2-digit exponent and up to 9-digit

significand.
must therefore effect extended floating arithmetic usingfixed point arithmetic on 32-bit significands {in systems2. DOUBLE: up to 3~digit exponent and up to 17<digit

significand, with the option of using up to 19 digits in
with only SINGLE precision) or 64-bit significands (in

decimal to binary conversion.
Systems with DOUBLE precision) while processing signs and
exponents separately.

Cc Two floating point functions perform conversions between G. Powers of 10 not exactly calculable in the stated precisionbinary floating point integers and signed decimal strings. shall be procured from values stored in tables. NegativeThe latter are character strings consisting of a sign
followed by one or more decimal digits. Choice of the

powers shail be obtained by dividing by the corresponding
positive powers instead of multiplying. The following arecharacter code (BCD, ASCII, ) is left to the implementer. Suggestions for tables requiring minimal storage.

1. BINSTR converts a binary floating-point integer X to 1. Systems with SINGLE precision only: 1013 can bea signed decimal string whose length is at most 9 for computed exactly using a 32-bit significand. To coverSINGLE and 17 for DOUBLE. BINSTR converts zero the range up to 1038, a table with the single entry 1026with its correct sign. In case X is not an integer round suffices.
X as in "INT", If X is too large to be expressed by a
decimal string that fits into the intended destination an 2. Systems with DOUBLE or both SINGLE and DOUBLE

exception arises and the precisions: 1027 can be computed exactly using a 64-bitInvalid_Operation
corresponding trap is invoked if enabled and, if a result significand. To cover the range up to 10398 2 table of
must be delivered, the result is a non-decimal string. 1054, 10108 and 10216 suffices.

He2. STRBIN converts a signed decimal string with at most 9 BiNary floatingto DECimal_floating. Given binary
digits in SINGLE, 19 in DOUBLE, to a normalized integer k with 1

floating point number X whose value is that of the for SINGLE precision and 1 < k < 17 for DOUBLE
decimal integer the string represents. If the string precision, we compute signed decimal strings | and E

such that { has k significant digits and, interpreting !contains non~decimal characters, the standard does not
and E as the integers they represent,yet specify what happens. if the integer cannot be

represented exactly in the intended destination, an
exception arises and the x= 1*10E*-* sq.ddddadd * 10€Invalid Operation

Corresponding trap is invoked if enabled; if a result
must be delivered it is a NAN. where s is the sign of X and the d's are the k decimal

digits.
D. Conversion over the full range of floating point quantities

could be required to be done correctly rounded, but the cost
of doing so is probably more than its value. What follows is
a compromise designed to ensure that conversion is uniform
and in error by appreciably less than one unit in the last
place delivered, at a cost which is nearly minimal. But
correctly rounded conversion should also be regarded as

conforming to the standard.

E. The function is required and may be computed

floating point number x and < k<9
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PRELIMINARY == SUBJECT TO REVISION

1. lf X is tinfinity or NAN deliver a non-decimal

string.
2. if X +0 thenreturn | = SINSTR(X) and E =

BINSTR(Q). OtherWISeee

3. Remember the sign of X. Let Y=
absolute_value(X).

4. If Y is normalized compute U = log base 10(Y),
otherwise let U = fog_base_10(smallest. normalized

number).

5. Remember the current rounding mode. Compute
V = INT(UpPI-k with mode RZ. Restore the

original rounding mode.

6. Compute w = INT(Y / 10-V), drawing powers of 10
from the table if necessary.

7. Adjust w:

If w> 10K +1 then increment V and go to (6).

If W = 10% then increment V, divide W by 10

(exactly), and go to (8).

if we 10k-! -1 and Y was normalized in step

(3) then decrement V and go to (6}.

8. Return = BINSTR(W with sign of X) and E =

BINSTR(V).
1. DECimal_floatingto_siNary floating. The decimal

floating point number X has the form

X = sddddd.DODDODD * 10&

We are given
signed decimal string E
signed decimal string | = sddddddDODODOD

integer P indicating how many digits of | are tothe
right of the decimal point so that X canbe

written

X= 10? * 10

1. Compute U = STRBIN(I) and W = STRBIN(E).
2. Compute result X = U * 10°-?,
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HOW TO AVOID RCUNDING ERRORS
David M. Collison, N.A 2215 W. Broadway, #F226'maheim, Ca. 92804 Tel: (714) 956 ~ 2581

Abstract sum. The first percentage is 33 1/3which rounds to 3%, The second isSmall computers are especially 66 2/3 - 33 (the first) which roundsprone to rounding errors, The to 34. The third is 100 - (33+34)article describes programming tech- which gives 33, This method is used inniques for avoiding them and givesseveral examples, There are some
the British payroll systems to give the

hints for the user and technical correct deductions whatever the fluct-
editor. uations in the taxpayer's income,The same technique is useful inplotting routines. The accuracy of aWhy Rounding Errors Occur plotter is determined by the step size,typically a few hundred ths of an inch,Rounding errors are like termites, and this is a function of the steppingThey leave little mark, typically anoccasional error of one in the last motors controlling the pen, Calculating
place, and are a nuisance to eradic- the number of steps from point to point
ate. mey result in an infuriating error: atThis is especially true of the the end of a plot, the pen does notlanguages used in personal computers, return precisely to its starting point.While BASIC and APL are easy to learn, Accumulated rounding errors cause this.they have disadvantages for business Using the differences between the dist-applications which deal with money.These two langueges store varia- ances of each point from the originwill keep the error to one incrementalbles in floating point notation: a step or less.
power of two and a fraction, usuallybetween a half and one in size. Stor=- Output Conversioning money as a fraction of a dollarresults in rounding errors because a Even if the calculations arecent cannot be held exactly. A correct, errors may still creep intofamiliar sight in a BASIC program is: the printing conversion. The routine

on the next page converts pence to theLET P= INT(P*100+ .5)/100 old British system of pounds, shillingsand pence. It starts with multiplicat-which rounds P to two decimal places ion by a constant which is rounded up.for printing. APL uses the same
technique.

The constant must have as many signif-icant digits as the maximum number of
The first suggestion is to keep pence and it is safer to have an extraall amounts to the nearest cent or guard digit. No further rounding ismill. They are now integers, to the necessary. Adding a half after thelimit of accuracy of the computer. number of pounds is printed may result

The same applies to all constants in an error. The routine is compactstore them as integers if possible. enough for a calculator and the sameDivide by ten instead of multiplying principles apply to other conversions.
by a tenth, Most currencies are now decimal but

Another way to control rounding land measure is in square miles, acres
errors is by differences. Subtracting and feet. It is unlikely that this
the current and previous totals tends will change to hectares and metres
to cancel out errors. As an example, because the whole country is plotted on
try expressing three equal amounts of a mile square grid.
$100 as percentages of the total, This insistence on accuracy is
$300 -_ but the percentages must sum hardly necessary for personal programsto 100. Rounding the amounts down but it is essential for some businesses.
individually gives 33%, rounding them Banks can be picky. A savings and loan
up gives 34%. Taking the difference made an error of one cent in my account.
petween the current and previous At the end of the day their balances
total handles each amount in the same did not match. They found the error and
way and gives the correct percentage sent a notification through the mail.
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10 REM POSITIVE ADDITION OF HONEY
15 REM 4.B + €.2
20 REM 4,C,8 428 IN TENS OF DOLLAPS
30 READ 4,8,C,9 5.9235 DATA 3000300, 6.25, 5000500,
40 PRINT A3B
50 PRINT C3D
55 LET B=B*100
40 LET D2D*100
65 LET G=INT((B+2)/1000)
70 LET BaAaC+G
75 LET P=B+9-G*1000
80 LET P=F/100
85 PRINT ESF
90 END

READY

r2UN
3000300 4.25
5000500 5.92
3000301 2.17

READY

Donbje length BASIC arithmetic

Old Sterling: 1 pound= 20 shillings = 240 pence
1 shilling = 12 pence

Description ValueStep
Starting value in pence 416.66583

1 Multiply by 1/240 « 0.0041667, rounded up.
This is sufficient for 5-digit accuracy.

2 Print the number of pounds, to the left of 416
the decimal point

3 fake the fractional part of the number 0.66583
4 Multiply by 20 13.3166
5 Print the integer number of shillings 13

0.31666 Take the fractional part
7 Multiply by 12 3.7992
8 Print the integer number of pence 3

Rontine to convert pence to old sterling

99999
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When I visited them a week later, the
computer terminal printed the correc-
tion automatically. It cost the hank
several dollars to correct a one-cent
error.
Extended Precision

There is a more serious problemfor large amounts of money -- accuracy.
Ignorance of the limit can require a
hasty reprogramming job, as we shali
see presently. A typical 32-bit com-
puter uses 8 bits for the power of two
or exponent, 1 bit for the sign and 23bits for the fraction or mantissa.
This handles a maximm amount of
$83,886.07 to the nearest cent. It is
safer not to approach this limit too
closely as some machines round auto-
matically. One such method forces the
least significant of the mantissa to
one after an operation. This results
in unbiassed scientific calculations
but is unsuitable for business
applications.Since dollar amounts are usually
positive, it is simple to program
extended precision in BASIC. The
routine on the previous page has sep=-
arate variables for cents and tens of
dollars, giving three extra digits.
This permits the use of the standard
output package which prints a digit to
the left of the decimal point even when
it is sero. The space between the two
parts of the number can be removed by
writing a special print routine. A
neater solution is to modify the out-
put package so that there is a non-
printing format separator. This allows
two numbera to be printed as one with
the full range of formats.

This method is cumbersome for
subtraction and negative numbers -- it
is simpler to put the amount in stand=
ard form only for printing. APL users
will find vector arithmetic convenient.
An alternative is to use a version of
BASIC with optional extended precision.
VS BASIC permits 15-digit accuracy by
specifying a parameter. This applies
to all variables but unfortunately not
everyone can afford an IBM 360 or 370
for personal use. DTC BASIC pernits
classes of variables to be defined as
double precision or integer. This
makes it quite powerful and twe
examples are given on the foll
page. The upper limit would s
the Federal Government's spending
requirements.While double precision is cert-
ainly convenient, it is also ineffic-
jent. A floating point addition

225
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has the following operations:
- Compare the exponents of the two
numbers to be addedShift the number with the smaller
exponent down until the exponentsare equal

3. Add the numbers
4. If the mantissa exceeds one, shiftit down one place and add one to

the exponentIf the mantissa is less than a
half, shift it up one place and
subtract one from the exponent.
Repeat as necessaryThis is a roundabout way of adding two

whole numbers, and testing for zero and
overflow adds to the time.

2.

5.

Other Languages

One alternative is to use a languagewith integer variables. FORTRAN, COBOL
and PL/1 have 31-bit integers, althoughthe length may vary with the computer.
The maximum amount is over twenty mill-
ion dollars, to the nearest cent.
FORTRAN and PL/1 also permit double
precision. PL/1 allows closer control
of the printing format than FORTRAN
which is desireable for business
applications.If other languages are unavailable,it may be possible to write assembly
language subroutines. This was popular
when computers were less powerful and
programming was cheaper. The added
effiency paid for itself. The hobbyist
has a decision to make: is it better
to upgrade the computer or spend 4
month or two programming? The answer
will depend on the time available, his
pocketbook, his skill as a programmer,
the documentation of the compiler and
other factors. It is a tribute to his
enthusiasm that there are so many de-
compilers around - routines for dump~
ing memory in various formats 80 that
he can patch the compiler to run his
programs. The easy way is to trade the
computer for a fancier model.

Published Programs

In summary, we have examined various
ways to avoid rounding errors, eapec#;
dally in business applications. However
the errors still crop up in published
programs. If the writeup has no
discussion of limits or accuracy it is
safer to assume the worst. Another

is the example for {lluatration.
If it s absent or unduly simple, there
may be @ reason -

owingatisfy
the example should

exercise most of the program. On the
other hand, I have been pleasantly
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16 REM POSITIVE ALPITICN USING INTEGERS
20 REM F.P = A 4+ CAL R,D,F HAVE 4 DIGITS
4 DEFINT A-G 'A-G ARE 15-PTT INTEGERS

REAL A,P,C,D
DATA 20000,1234,1C000,9987

60 PRINT A3P
) PRINT C;Dan LET G=(T4+D)/10000
LET E=A+C46

109 LET F=B+D-G*100C0
110 PRINT €;F
120 END

20060
+ 16090
= 30001 1 CO)

1 REM ALDITICN OF MCNEY, LOUPLE PRECISION
REM CEFINE VARIARLES STARTING WITH A-C AS DOUBLE LENGTH

40 READ A,B
50 DATA 1234567890.12,10000C0002.9260 CzA+B
70 PRINT USING A

90 PRINT USINC it a AEM SC100 END

DEFRBL A-C "LIMIT IS 16 DIGITS

at it 4
0 PRINT USING

123456789C.12
+ 1000000002,98
= 2234567892.10

Double length arithmetic using DTC
Extended BASIC, Note the DEFINT &
DEFDBL statements,

surprised by the quality of some soft- Acknowledgmentsware. By becoming discriminating userswe can improve the software availableto us. TMIMy thanks go to Kevin Nixon of
tance.Enterprises for technical assis-
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MATHEMATICAL PROGRAMMING ON A MICROCOMPUTER
WITH HIGH RESOLUTION GRAPHICS

Christopher L. Morgan, Associate Professor of Mathematics,
California State University, Hayward, CA 94542

In this talk I shall describe and controls each pixel. In other formats
illustrate how high resolution, low there are more bits per pixel, giving
cost computer graphics can help the as much as 16 levels of gray scale.
mathematician develop his ideas and Because there is only 32K RAM,
communicate them to the lay person. resolution must be sacrificed to get

Somebody once defined mathematics this gray scale (becoming
as the study of all possible patterns. approximately 256X256).
Patterns studied by mathematicians The 32K video RAM is accessed
have largely been inaccesible to the through a 2K or 8K window, and paging
lay person. This is because of the is done through an output port.
form in which these patterns have My first job was to build
traditionally been expressed, namely routines for initializing the graphic
as abstract concepts usually involving system, clearing the screen, plotting
complicated algebraic formulae and points, and drawing lines. In order
careful logic. Mathematicians, to get reasonable speed, these
however, tend to think spatially (that routines needed to be in machine

These routines wereis, in pictures) and then translate language.
those ideas into words and formulae. designed to be called as functions

A computer is designed to handle from BASIC. They now reside in the
complicated formulae and is built on area above the Sol-20 monitor to give
careful logical principles and thus is plenty of room for the NOS, BASIC, and
a perfect device for working out BASIC programs in the 48K which lies
examples of such mathematical below the SOL-20 monitor.
theories. With the advent of high Now let me describe some of the
resolution computer graphics, mathematical uses for this system so
computers can turn these formulae and far. The most obvious one is to plot

This can functions:logic back into pictures.
give the lay person a much better
feeling for the beauty of the
mathematician's ideas and give the
mathematician a much better idea of
how well his output matches his
original thoughts. For this process
to be effective, a mathematician
should have such a system in or near
his work area. This is now easy to
arrange (for a few thousand dollars)
with the advent of microcomputers
which have low cost, high resolution
graphic output.For the last few months I have
been working with such a system.
would like to discuss some of the
results I have obtained so far. First
I shall briefly describe the system.
The computer is a standard Sol-20 with
56K bytes of RAM, a Micropolis floppy
disk drive (Mod II), and a set of two 10 REM - FUNCTION
boards by Digital Graphics Equipment 100 REM - DEFINE THE LOCATIONS OF

110 REM - THE GRAPHICS ROUTINESto produce raster scan video graphics
120 DEF FAI=16RD000with 32K of RAM dedicated to the

sereen. There are actually 30 graphics 130 DEF FAC=16RD003
formats, three of which I have found 140 DEF FAP=16RD006
useful so far. These are: 1) 480 150 DEF FAL=16RD009

160 REM - FUNCTIONS TO CHANGE TOlines with 512 pixels per line, 2) 454
170 REM - SCREEN COORDINATESlines with 576 pixels per line, and 3)
180 DEF408 lines with 640 pixels per line. FNA (X) =F IX (320+100*X)

In each of these formats, one bit 190 DEF FNB (Y) "FIX (204-100*Y)
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290 REM INITIALIZE AND CLEAR THE
SCREFN
210 X=FAI (FIX (2))
220 X=FAC (0)
230 REM - SET UP COORDINATE SYSTFM
240 X=FAP (FNA(-2) ,FNB(0))
250 X=FAL (FNA (2) ,FIIB (4) )
260 X=FAP (FNA (0) ,FNB (=2) )
270 N=FAL (FNA (0),FNB(2))
280 REM - AND MAKE TIC MARKS
290 FOR I=-2 TO 2
390 X=FAP (FNA(I) ,FNB(.05))
310 X=FAL (FNA (I) ,FNB(-.05) )
320 X=FAP (FNA(.05),FNB(I))
330 X=FAL (FNA(-.05) ,PNB(I))
340 NEXT I
400 REM DEFINE THE FUNCTION
410 PO=3.14159
420 P1=3.7*P0
410 DEF FNC (X)=COS (PN*X)+.8*COS (P1*xX)
500 REM = DO THE GRAPH
510 FOR X==2 TO 2 STFP 0.01

=FNC (X)
530 IF Y<-2 OR Y>2 THFN FS=0: GOTO 600
540 IF F% THEM
A=FAL (FNA (X) ,FNB(Y)): GOTO 600
550 F%=1:A=FAP (FNA(X) ,FNB(Y))
600 NEXT X
1N00 END

This application can be extended
to plotting the graphs of functions of
two variables. Using a programdescribed in an article hy Mark
Gottlieb [11, I have obtained some
very beautiful pictures. The abilityto easily make these plots is veryuseful to the mathematician and
mathematics students, for the graphs
may have much more meaning than justthe formulae. It is often desirable
to see what effect some small changein the formula has on the graph. With
such a set-up one can make changes in
the formulae and inspect the graphuntil it has just the desired
properties,

Another variation is to plot the
graphs of a whole family of functions
on the same xy-coordinate system.
Deeper patterns may then emerge. Here

I call this picture "Addition of
Two Circles". A first circle is
centered at the origin and has radius
one. A second circle of radius one is
centered somewhere along the x-axis,
say at (c,0). Solve for y in the
equations for each circle and add the
y values together. Because of the
plus or minus signs on the square
roots in each formula, there are four
distinct y values for each x value
(when the formula is defined).
Plotting this as x varies and c stays
fixed will give a figure eight
pattern. The above picture was
obtained by plotting this for a
closely, evenly spaced sequence of
values for c.

Another application for the
mathematician is drawing
three-dimensional polyhedra, in this
case dodecahedra:

520

s an exam

thee java:
: a: : :

:

::

::

4
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My reason for qetting into Of course this is just the
computer graphics was to draw pictures beginning. There are many more
of regular four-dimensional objects mathematical uses for such a systemcalled regular polytopes. Computer than the ones I have had a chance to
graphics helps me study the symmetries implement in the limited amount of
of these objects which in turn helps time I have been using the system.with understanding of four-dimensional
Space and eventually with the kind of
mathematical theory which has heen REFERENCES :
useful in particle physics. 1. Gottlieb, Mark, "Hidden Line

Here are some pictures of these Subroutines for Three-Dimensional
objects made by a digital plotter. I Plotting", Byte, May 1978, Vol. 3, no.
have versions of this program running 5.
on the microcomputer system discussed
above.

O®
OO

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 229 1978 November 3-5 + Los Angeles, California



MICROCOMPUTER PROGRAM CORRECTNESS

W. D. Maurer, Professor
Department of Electrical Engineer ing and Computer Science

George Washington University
Washington, D. C. 20052

Introduction
Many people wonder why, since

computer science and mathematics are
so obviously similar, there is not more
athematical flavor to computer sci-

rite? It is true that there are some
branches of computer science in which
heorems are proved, but these theorems

do not seem to have too much to doith the practical uses we make of
computers.

In this paper we will show that,
as has been known for at least twelve
years, it is, indeed, possible to
prove things about computer programs,and we will apply the methods by which
e do this to the specific task of
proving things about microcomputer
programs. In doing so we will make a
mumber of extensions of known methods
Of program proving.
orrectness

The most important thing we
ould like to be able to prove about

a program is that it works -- rather
obviously.

We say that a program is cor-rect (this is a technical term)if itdoes what it is supposed to do. This,of course, requires us to formulate
a way in which we can express what a
computer program is supposed to do.

Some programs calculate thealues of functions. If we have a
program to calculate the square rootof a number, we might try to cite thedefinition of square root as an indi-cation of what this program is sup-posed to do. The trouble with such adefinition is that it is not generalenough. Some programs make complexmodifications to tables, and theseare not describable in terms of asingle function, although we mightdescribe them in terms of several

grams which modify data structures.onsider, for example, a program which

3RD WEST COAST COMPUTER FAIRE

inserts a new element on the front of alist. It is not necessary for us to
know what position in storage the new
element takes up -- just that it is as-
sociated with a pointer to the oldfirst element of the list. Yet this in-
formation is precisely what we would
need to know if we had to describe theeffect of the insertion program in
terms of functions giving new values ofific variables in terms of theiralues.

provin moreence. Why are we not
things about the programs

It is always possible, however,to describe the behavior of a programin terms of that must be true
when the program is finished. That
"something" is called a final assertion
In addition, many programs have what scalled an initial assertion, which is
something that must be true before the
program starts. This is because there
are programs that don't work correctlyunder all conditions -- only under cer-tain initial conditions that must besatisfied.

A program is correct if the fol-
lowing is true:
the program (iF has one) is true,and suppose we run the program, star-ting at the beginning. then:_ (ay it will not get Into an ena-

Suppose the initial assertion of

'less loo
not encounter atime error; run:it will

c) when it finishes, its finalassertion wlll be true.
A program that satisfies only (c)

case, if
is called tially correct. In this
it might not), then the final assertionwill be true when it does. A programthat.satisfies (a) alone is said to

@ program finishes (which

terminate; a program that satisfies (b)alone is said to be clean.

is correct in the abstract. We can onlysay that it is correct with respect toa particular initial assertion, finalassertion, and place to start. Some
programs might have different initialand final assertions in different con-texts, and correctness could be provedwith respect to each of these.

Thus we cannot say that a program

functions, each of which specifiesthe new value of some variable. Eventhis amount of generality is not
enough, though, in the case of pro-

78 Nov 35 Los Angeles, Cal.230



he Inductive Assertion Method

The standard method for proving
programs correct was developed by
Floyd (now at Stanford). Floyd gene-
rously gave credit to others in anti-
cipating various facets of the method,but it has clearly been through Floyd
and his students and other successors
that the computer science world has
come to know about correctness.

The inductive assertion method
concerns itself (in its more modern
formulation) with certain key pointsin a program. There are many ways to
choose these key points, but the sim-
plest is as follows: Look at the
transfers of control (GO TO, jump,
branch, or conditional statements) ;
see where they go to (their destina-
tions); and then consider only the
destinations of the backward trans-
fers (that is, when we go from one
point in a program to another one
hich precedes it). These destination
points of backward transfers are what
e call the intermediate assertion
points of the program.

With each of these points we
have to associate an intermediate as-
sertion. This is someth ng that must
Ibe true whenever we pass this point
in the program.

Once we do that, we must now
Ibe concerned with the control pathshich go from one assertion point(initial, intermediate, or final) to
another, with no assertion points in
between. These are all forward paths
-- that is, they can go only forward,
although they can also jump forward.
The moment a control path jumps
backward, however, it comes to an
assertion point (by our discussion
above), and this is where the path
stops. It should be clear from this
that there can only be a finite num-
ber of distinct control paths and
that they have bounded length (in
fact no path can have more state-

ments in it than the program itself).
Furthermore, every execution of a
program must consist of an execution
of a sequence of these control paths.
(This is the point of using the de-
stinations of backward transfers as
assertion points.)

We now have to be concerned
ith the verification condition of

each control path. This is the state-
If the path is started at the

beginning,
int,

"and if that path is actually
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followed to its end,
then there will be no run-time er-

ror in the path,
and, when the path is finished, its

own final assertion Will be true.
Note that a control path always hasits own initial and final assertion, be-

cause it always starts and ends at an as-
sertion point (initial, intermediate, or
final) at which there is an assertion.
(In particular, the initial assertion of
the program is not the initial assertion
of every control path, and the same forfinal assertions.)

If the verification conditions ofall the control paths of a program hold,
then that program is partially correct
and clean. We will now prove this.

Suppose that we start at the be-
ginning of the program, and suppose that
the initial assertion of the programholds. Eventually, we will get to some
assertion point, and we will get there
via a control path. Because the verifi-
cation condition of that control path
holds, there is no run time error in that
path and its final assertion holds. But
the final assertion of that control pathis clearly the initial assertion of the
next control path. This means that when
this second control path is finished,
again by the same argument (since the
verification conditions of all control
paths are assumed to hold) the final as-
sertion of that control path will hold,
and there will be no run-time error in
that path.

We can now clearly repeat this ar-
gument over and over again as we run the
program. Every time we get to an asser-
tion point, the assertion there will be
true, and there will have been no run-
time error so far. This means that, if we
ever get to the end (which we might not),
the final assertion of the program will
then be true, and there will have been
no run-time error. This is exactly what
we need to show that the program is par-tially correct and clean.

To complete the proof of correct-
ness of a program after using the above
method, all we have to do is to show that
it terminates. We will defer discussion
of that point to a later section of this
paper.
The Modification Index Method

The modification index method is
not a method of proving correctness; it
is simply a method of expressing verifi-
cation conditions in a logically correct
form. This method will now be illustrated
by applying it to a control path ina
sample 8080 assembly language program.
The program which we will use in this
example computes

ment that:

and if its
tion is true at
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X=xX+yY +2
and it is as follows:

LDA x
MOV C,A
LDA Y
ADD
MOV C,A
LDA Z

In order to use the modification index
method, we first convert each assembly
language instruction above to its al-
gebraic equivalent. We list the pro-
gram again, with the algebraic equi-valents at the right. (The question of
hether these are really the proper al-
gebraic equivalents will be taken upin a minute.)

+ Q
a

LDA x
MOV C,A C=A
LDA Y A=Y
ADD A=A+C
MOV C,A C=A
LDA Z A= 2

c A=A
x X=A

Looking at the algebraic
e see that:

(1) The A register gets five dif-ferent values. Let us call these Al,
A2, A3, A4, and AS.

(2) The C register gets two val-
ues, which we will call Cl and c2.

(3) The variable X gets a newalue, which we will call Xl. There isalso the original value of X, which weshall call xo.
(4) The variables Y and Z do not

change their values, and we shall callthese YO and 20 respectively.With these changes, the new al-gebraic equivalents are as follows:

equivalents,

LDA Al = x0
MOV C,A Cl = Al
LDA Y A2 = YO
ADD A3 = A2 + Cl
MOV C,A C2 = A3
LDA Z A4 = 20
ADD A5 = A4 + C2STA x Xl = AS5

Now let us suppose that this is a con-trol path, with an initial and a finalassertion. Specifically, let's set upthe initial assertion as X = 5; thenthe final assertion could easily bex = S++Z, The verification conditionould now be set up in the followingay:
(1) We start by converting theinitial assertion X = 5 to x0 = 5, be-cause we are referring to the initialalue of X by XO.
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(2) The final assertion X = S+Y+Zis converted to Xl = 5+Y0+2Z0. Remember
that and Z do not change their values,which are YO and 20, but X does changeits value, and it is the new value, or
X1, to which we are referring here.

(3) We can now read off the veri-fication condition from all the infor-
mation which we have. It is:

if x0 = 5
and Al = x0
and Cl = Al
'and A2 = YO
and A3 = A2 + Cl
and C2 = A3

A4 = 20
A5 = A4 + C2Xl = AS

then Xl1 = 5+Y0+2Z0

ADD
STA

and
an
an

Such a condition may be greatly simpli-fied by eliminating hypotheses of the
form a = 8 and substituting 8 for a infurther hypotheses and conclusions. This
process, carried out cumulatively fromthe start of this verification conditionto its end, may be illustrated as fol-lows:

ADD ELIMINATE AND SUBSTITUTE PRODUCING
X0 = 5 5 for xX0 Al=5Al = 5 for Al Cl=5

5 for cl A3=A2+5
A2 = YO YO for A2 A3=Y0+5
C2 = A3 A3 for C2 A5=A4+A3
A4 = 20 20 for A4 A5=Z0+A3Xl =A5 A5 for X1 A5=5+Y0+Z0

STA

cl 5

leaving us with the reduced verificationcondition
if A3 = yo +5

and A5 = 20 + A3
then A5 = 5 + YO + 20

Notice that g is substituted for a onlywhen 8 is a simple variable. We may nowfurther reduce this verification condi-tion by identifying variables (such asA3 above) which appear on the left ofthe = and also only once on the right.For such a variable g, we substitute Bfor a on the right, no matter how com-plex 8 may be, and eliminate the hypo-thesis a = 8. The result in this case is
if A5 = 20 + (YO + 5)then A5 = 5 + YO + 20

which is obvious.
In a variable like A3. above, themodification index is 3. This is alwaysa singie character (a digit or a letter)which is appended to the name of a pro-ram variable, in this case A, to pro-juce the name of a verification variable,in this case A3.
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Representations of Instructions
In the proof above, we repre-sented MOV C,A as the assignment C =

A (as it might occur in BASIC, for
example). This is valid, but it is not
quite valid to represent ADD C as A =
A+ C, as we did. There are two rea-
sons for this:

(1) ADD C is not only an assign-
ment to the A register of the 8080; itis also five more assignments, one to
each of the status flags. Suppose we
denote these by ZS, SS, PS, CS, and AC.
Then each of these variables will also
get two new values in the above se-
quence of instructions; we can call
these ZS1, ZS2, SS1, SS2, and so on.

As an example, consider 2S, the
zero status flag. If we follow
C by ZS = ZERO(A), where the function
ZERO is defin@d by ZERO(0) = 1 and
ZERO(n) = 0 for all n # 0, then this
faithfully represents the new value of
ZS. We have not done this in the case
above, not only to make things sim-
pler, but because, in fact, the as-
signments to the five status flags are
in fact unnecessary in this case.

Suppose, however, that they were
necessary. That is, suppose that we
had an instruction such as JZ KAPPA

tus flag has the value 1. In sucha
case, we would have to ask: Does this
path actually go to KAPPA at this
point? If it does, then, since we can
always assume that the path is followed
erification condition), we can in-
clude ZS = 1 as one of the hypotheses
of our verification condition. If the
previous assignment to 25 was of the
form ZS = ZERO(e), as it usually will
be, then the hypothesis ZS = 1 can be
replaced by e = 0, and the hypothesis
ZS = ZERO(e) then becomes superfluous.

On the other hand, if the path
does not go to KAPPA but continues
ith the next instruction in sequence
(as a path can do), then we can assume
that ZS = 1 is not true (otherwise we
ould have gone to KAPPA). This means
that we can assume ZS = 0, or (using
the terminology of the preceding para-
graph) e # 0, as one of our verifica-
tion condition hypotheses.

If we set ZS = a and then later
ZS = B (as above, where we had two
ADD C instructions) and never use the
setting of ZS to a, then there is no
reason to have the two variables 2S1
and ZS2 as described above. We have a
verification condition hypothesis 251
a', where.a'_is derived from a by
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appending to each variable in a itscurrent modification index, we maywrite a' = AMXE(a), where AMXE (AppendModification Indices in Expression) isa fundamental verification-orientedfunction. When we come to ZS = 8 we can
simply throw out ZS1 = a', if 281 has
never been used, and our next hypothe-Sis can be ZS1 = AMXE(8) rather than
ZS2 = AMXE(8).

02) Setting A A= A+ Cis not cor-rect if there is overflow. There are
several ways to deal with this problem.
One is to define + as meaning addition
modulo 256. That is, A+ C is taken to
Mean the result of adding A and C in
the usual way (assuming 0 < A < 255 and
0 < C < 255, which we can always do on
the 8080) and then subtracting 256 if
the result is greater than 255.

If we do this, the above proof
goes through with no change. That is,
we have proved that our sequence of
eight instructions on the 8080 calcu-
lates > = 5 + Y + Z (modulo 256) if X
was initially equal to 5.

Another way, which we can use if
we are trying to show that in fact
there will not be any overflow (whichis sometimes useful and necessary), is
to treat overflow as a run-time error.
Remember that in the definition of a
verification condition we have to show
that there will not be any run-time
error.

hich jumps to KAPPA if the zero sta-

The condition that no overflowwill occur as a result of the ADD C in-
struction is 0 < A < 255 after that in-
struction takes place, if + means ordi-
nary addition (not modulo 255). Let us
look back at the figure near the bottom
of the left-hand column on the prece-
ding page. There we found that the
first ADD C instruction corresponded to
the algebraic assignment

to its en

A3 = A2 + Cl
Now suppose we want to prove that over-
flow will not take place. This means
that we must add a new conclusion to
our verification condition, name y

(0 < A3 and A3 < 255)

Similarly, since there is another ADD C
instruction, we would have to add
another conclusion, namely

(0 < A5 and A5 < 255)

Of course, if we made these changes in
our example, the verification condition
would no longer be true. In order to
make it true, we would have to supply
additional initial assertions in our
control path.
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sion actually decreases as we go aroundermination the loop, we again use our modification
indices. Suppose, for example, that theThere are many special tech-

iques that can be used to prove that loop expression is N-I. At the beginningof the path, this may be represented byprograms terminate. For example, a NO-10 since we are talking about the
program with no loops always termi- initial values of N and I. Now supposenates. as an example) that N does not change

Many programs have only one its value in this path, but that I doesIf I gets exactly one new value, thisloop, or, more generally, only one in- is Il, and N-I becomes NO-Il. Now alltermediate assertion point. A special we have to do is to add to our verifi-method applicable to such programs cation condition a conclusion that saysinvolves finding an integer expres- that the final value NO-IL is less thansion which always decreases as we go
around the loop and is never negative. the initial value NO-I0. Thus our con-

clusion isuch an expression is called a loop
expression. A program with a loop ex- NO-Il < NO-I0pression always terminates. Let us
prove this. which reduces to

Suppose the program does not Ii > 10erminate; that is, it goes into an
endless loop. We have assumed that
here is only one intermediate asser- In fact, N-I is a commonly used loop
tion point, so this point must be in expression, particularly in loops fromI = 1 to N. There can always be an as-he endless loop. Every time we pass sertion 1 < I < N in such a loop, andhis point, our loop expression has a
new value. Let us call these values this implies that N-I is never nega-tive. Also, when I increases by one in
1" Vor v3. and so on ad infinitun. the loop, the value of N-I decreases by

All the v, one oare integers (by
hat we have assumed); they are non- For programs with more than onemegative (by what we have assumed), intermediate assertion point, there is
and, since the loop expression al- the general method of lop expression
ays decreases as we go around the sequences. At each assert on pointloop, each Vy is less than the one there is a sequence of integer expres-

e fore it. But this is simply im- sions, none of which are ever negative
possible. Think a minute: if the first at that point. The condition that the

is 10 (say), then the next few can expressions must decrease as we goaround a loop is replaced by the fol-be 9, 7, 6, 3, 2, ... but eventually lowing condition. Suppose that, at theone must be negative. (Remember that
the v.;.

start of a control path, we have an
1 are strictly decreasing; we assertion point with associated se-

cannot have two the same.) Even if quence A,B,C,D,... and at the end ofthat path, we have an assertion point
some v. wiltthe first v, is 1,000,000, eventually (possibly, but not necessarily, thebe negative (in fact, same one) with associated sequence W,X,the 1,000,00lst Vy must be negative). Y,Z,-.. where A,B,X,Y, and so on are
o our hypotheses are impossible, and expressed in terms of verification vari

ithe program cannot go into an endless ables (with modification indices). Then
loop. we must have:

either AwTo prove that the v. cannot be or (A=W and B>X)negative, it is enough to have an as- or (A=W and B=X and C>y)sertion at the intermediate assertion or (A=W and B=X and C=Y and D>Z)point which implies that the loop orexpression is never negative, andthen to prove all the verification (We say that the first sequence must beconditions as before. (Remember that lexicographically greater than the se-this not only proves that the program cond.)is partially correct and clean; italso proves that every assertion will The proof, in this case, that thealways be true at its corresponding program must terminate resembles theassertion point, provided the programas started with its initial assertion proof above. This time each Vy isa
valid. This is exactly what we need Sequence of values of expressions in a
here.) COp expression sequence. Every time

an assertion point is passed, we evalu-
To prove that the loop expres- ate the sequence we find there to get a

i

1

1
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we have assumed produce an impossiblesituation (so that the program must
in fact terminate) is still true but
a little bit harder to see informal-ly. Mathematically, we are using thefact that sequences of non-negativeintegers, in lexicographical order,
form a well-ordered set.
Self-Modif ication

One type of error whose absence
we must prove is that of the programwhich overwrites one or more of its
own instructions. This is done as
follows.

Let ICA (instruction constancyassertion) be the assertion that
every instruction word of the program(that is, every memory byte that con-
tains an instruction, or part of an
instruction) has the same contents it
had when the program started. Obvi-
ously, when the program starts, ICAis true. We want to prove that ICA
remains true throughout the entire
running of the program, as part of
our proof of correctness.

To do this, we can assume, at
each instruction, that ICA is true,
and then prove that it is still true
after that instruction is executed.
of course, if ICA is true, then, in
particular, the instruction we are
executing has not been overwritten,
a fact which we obviously need. We
must now show that this instruction
cannot overwrite itself or any other
instruction. For some instructions
(load, add, subtract, etc.) this is
obvious. For others, such as a store
instruction, it is still obvious if
there is only one place that this
instruction can store data, and if
that place is not, itself, an in-
struction word.

There remains the case of in-
structions which store data in an
indexed location, and the like, such
as MOV M,C on the 8080. For such in-
structions, we must have assertions
that tell us that the index (the HL
register, in this case) is within
some range, and that this range does
not overlap any instruction words.
Sometimes (though not always) the
range is just a single memory byte,
as when we have just loaded the HL
register with the address of some
simple variable.

A generalization of this method
allows us to prove the correctness of
programs which actually do modify
themselves. Most microcomputer pro-
grams do not do this, however.

3RD WEST COAST COMPUTER FAIRE 235

A Complete Worked Examplenew Vie The fact that the conditions
We shall now prove the correct-

ness of a program to do Euclid's al-
gorithm on the Motorola MC6800.

Let us first explain Euclid's
algorithm, which finds the greatest
common divisor (GCD) of two numbers.
Suppose the numbers are 16 and 10 (forexample). The divisors of 16 are 1, 2,4, 8, and 16. The divisors of 10 are
1, 2, 5, and 10. The common divisors
(that is, the ones which are divisorsof both 16 and 10) are 1 and 2. The
greatest common divisor is therefore 2.

Euclid's algorithm operates bysuccessive subtraction and crossingout the highest remaining number. That
is:

16 10 16-10 is 6
16 10 6 (Cross out the 16)
-i6-10 6 10-6 is 4
-36-10 6 4 (Cross out the 10)-6 4 6-4 is 2

-r6--20-6 4 2 (Cross out the 6)
~3$6~--10--6- 4 2 4-2 is 2~i6--20--6- 4 2 2 (Cross out the 4)
-26--20--6--4-2 2 At this point the

process stops, be
cause the last two numbers (2 and 2)
are the same; and 2 is the answer.

Now let us write a 6800 programto do this. We are going to keep the
two numbers we are currently subtrac-
ting in the A and B registers. Initial
ly, these two numbers are M and N,
where we are calculating GCD(M,N); so
we start by loading A with M and B
with N. Now we have to compare A and B
to find out whether we want to sub-
tract A-B or B-A. If A=B, of course,
the process stops. If A > B, then we
want to subtract A-B and we want to
cross out A, which will be the largest
number. The easiest way to cross out A
in this case is to give it the new
value A-B. On the 6800, this can be
done in one instruction, namely SBA.

On the other hand, if A < B, the
we want to subtract B-A and cross out
B. We can do this by setting B = B-A,
just as before, but there is no one in
struction to do this. Instead, we store
A in memory, and then subtract that
from B.

Whether we set A = A~B or B =
B-A, as soon as we have done this, we
want to loop back to the point at which
we are comparing A and B. Our algori
may therefore be expressed as follows
(here each instruction is given with
its algebraic equivalent, and we define
ZERO(n) = if n=0 then 1 else 0 and
CARRYUS (n)"= if n<0 then I else 0 --
the car for unsigned subtraction :
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LDAA M A M easiest way to say that is to say that
LDAB N B N GCD (A,B) = GCD (M,N) -- the GCD of our

original two numbers. In addition, weLl: CBA Z ZERO (A-B) , must have A>0, B>0, M>0, and N>0, be-
C CARRYUS (A-B) cause otherwise GCD(A,B) or GCD(M,N)

BEQ L4 if Z=1 go to L4 would not be defined. Thus the asser-BLS L3 if C=1 or Z=1 go to L3
SBA A A~B tion at Ll -- the condition that is

always true whenever we get to Ll -- isBRA Ll go to Ll
L3: STAA T T A GCD (A,B) = GCD(M,N) and A>0

SUBB T B B-T and B>O and M>0 and N>0BRA Ll go to Ll
L4: (5) Now let us look at the con-

trol paths, and their correspondingFurther conventions here are that T is verification conditions:a temporary cell, Z is the zero status
flag, and C is the carry status flag. (a) The first control path start

at the beginning of the program, whereThe steps in proving correctness the assertion is M>0 and N>0; it goeshere are as follows: through the instructions LDAA M and
(1) The final assertion is A = LDAB N; and then it comes to Ll, where

GCD(M, N) (also B = GCD(M, N), if we the assertion is as above. The verifi-
this is where cation condition is thereforewanted to, but we don't);

the answer is left -- in the A register. if MO>0 and NO>0
(2) The initial assertion is M>0 and Al=MO and B1=N0

then GCD(A1,B1)=GCD(M0 ,NO)and N>0, because you can't take the and Al>O and B1>0GCD of quantities that aren't positive. and MO>0 and NO>0Note that if the program had checked M
and N for being positive, we wouldn't
need any initial assertion. As it is, and this clearly holds.
the program won't work unless M>0 and (b) The second control pathN>0, so this has to be the initial starts at Ll and takes the branch toassertion. L4 from the BEQ L4 instruction. The

(3) The only backward transfers assertion at Ll is as before, and the
are the BRA Ll instructions, so Ll is assertion at L4 is A=GCD0M,N). The
the only intermediate assertion point. verification condition is therefore

(4) What is the assertion at Ll? if GCD(A0,B0) =GCD (MO ,NO)
In order to find this out, we first and AQ>0 and BO>O
have to know, informally, why this pro- and MO>0 and NO>O

and Z1=ZERO(A0-BO)gram works. (Correctness proof is a way and C1=CARRYUS (A0-BO)of formalizing our informal ideas as and Z1=1to why a program works. It is nota
magic method of finding out why pro- then AOQ=GCD (M0,N0)
grams work when we don't really know
why they work ourselves.) We have ZERO(A0-B0) = 1, so AO-BO = 0,giving AO = BO and GCD(A0,B0) = GCD(AO,Suppose we had started with the
numbers 10 and 6 instead of 16 and 10. AO) = AO. So this clearly holds.
It should be obvious that the process,in this case, will be exactly the same, (c) The third control path starts
and, in particular, the answer will be at Ll, takes the branch to L3 from the

BLS instruction, and then does the lastthe same. This must mean that GCD(16,
10) GCD(10, 6), or, in general, that three instructions of the program and

comes back to Ll. The assertion at Ll
GCD(I, J) = GCD(J, I-J) is as before, and therefore the veri-fication condition is:

But if this is true, then it gives the
key to why Euclid's algorithm works. if GCD(A0 ,BO) GCD (MO,NO)
In fact, we have, by the above formula, and AO>0 and BO>0

and M0>0 and N0>0
GCD(16,10) GCD (10,6) and 21=ZERO(A0-BO)GCD(6,4)

and C1=CARRYUS (A0-BO)GCD(4, 2) GCD (2,2)
and Z1=0

and GCD (n,n) n for any n > 0, be- and (Cl=1 or Z1=1)
cause n dividesn, and no number lar- and T1=A0 and B1=B0-T1
ger than n can divide n. then GCD(A0,B1)=GCD(M0,NO)and AO>0 and B1>0Thus we see that GCD(A,B) is an and MO>0 and NO>0invariant of our 6800 program, and the
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We have Cl=1 or Z1=1; but since in fact
Z1=0, we must have Cl=1, or CARRYUS(A0-
BO)=1. Thus AO<BO; but 21=0 implies A0#
BQ, so AQ<BO. This, combined with Bl =
BO-T1=B0-A0, implies the conclusion B1>
0. We also have GCD(A0,B1)=GCD(A0,B00-
A0)=GCD(B0,A0)=GCD(A0,B0) (by another
obvious property of GCD) = GCD(M0,NO).The rest of the above verification con-dition is obviously true.

(d) The fourth control pathstarts at Ll and does the instructionat Ll and the four instructions imme-
diately following Ll, finally branchingback to Ll. The assertion at Ll is as
before, and the verification conditionis therefore

if GCD(A0,B0)=GCD(M0,NO)
and A0>0 and BO>O

MO>0 and NO>0
Z1=ZERO (A0-B0)
C1=CARRYUS (A0-BO)
Z1=0
(C1=0 and Z1=0)
A1=A0-BO

GCD (Al ,B0Q) =GCD (MO ,NO)
Al>O and BO>O
MO>O and NO>O

We have CARRYUS (A0-B0)=C1=0, so that
A0>BO and A1=A0-B0>0 Also, GCD(A1,B0)
=GCD(B0,A1) =GCD (B0,A0-B0)=GCD(A0,B0)=
GCD(M0,N0). The rest of the above veri-
fication condition is obviously true.

Thus the above program is par-tially correct and clean.
(6) Finally we consider termina-

tion. In this program the value of A
sometimes decreases, and the value of
B sometimes decreases, as we go around
the loop. Neither one always decreases;
but either one or the other always
does. So let us use A+B as our loop
expression. This is an integer expres~
sion; it is never negative (since A0>0
and B0>0 from the above); and it al-
ways decreases as we go around the
loop. Specifically, in the third path
above, we have to show that A0+B1<A0+
BO; while, in the fourth path, we have
to show that A1+B0<A0+B0. But both of
these are obvious.

Thus the above program termi-
nates, and thus it is correct since we
already know that it is partially cor-
rect and clean.

It should be noted that CARRYUS
is different on the 8080. In fact, on
the 6800, CARRYUS(n) = if n<0 then 1
else 0, whereas on the 8080, CARRYUS(n)
= if n<O then 0 else 1. Thus, for exam-
ple, 7-3 produces carry on the 8080
and 4-5 does not, while the reverse 1s
true on the 6800.
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Notes

Floyd [1] first popularized theinductive assertion method. Generali-zations of Floyd's methods of provingtermination were given by Manna [2].
Recently an alternative method, the
intermittent assertion method, has
been developed by Manna and Waldinger[3]. The term "partial correctness" is
due to Manna [4].

The modification index method is
described in [5] and [6]. A more com-
plete description of self-modification
considerations for machine language
programs appears in [71.

Many further extensions of these
methods are possible. A general dis-cussion of what can and cannot be done
in proving programs correct may be
found in [8].
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GETTING THE WONDERS OF UCSD PASCAL GOING ON AN S-100 SYSTEM

By Jim Gagne, Los Angeles, California

ABSTRACT : UCSD Pascal is an incredibly rich collection of both
machine-independent <thus relatively obsolescence proof) software and the
'best small computer language around <see the August 1978 Byte). It is
relatively easy to get up on an system that already has CP/M, but it
does raquire some doing for optimal results, especially if you have
nonstandard equipment, since the system has originally been configured for
the PDP-11 environment. This is your chance to hear how it went from a
consumer' s point of view.

Since I am still optimizing version 1.4 Creceived about June,
1978>, and hope to have version 1.3 (to be shipped about October 1> running
by the time of the Faire, this report is still somewhat preliminary. Yet
the machine~specific software required should be identical in either case,
requiring little if any modification for version 1. 5.

If you don't have an S-inch dise system with CP/M or similar disc
operating system, read no further, because as of right now no other
BGBG/Z-80 disc systems are supported. And until the P-machine interpretersfor other microprocessors become available Can announced intention of both
UCSD and Byte>, no other chips are supported except tha Heathkit PDP-11.

If you have CP/M up and running in sufficient memory Cover 48 KD,
you need nothing more to use Pascal, as a CP/M-compatible loader (filename
"PASCAL. COM"> is provided on a separate disc Calong with last-minute
documentation and a file called "PGEN. COM", which is a sort of SYSGEN forPascal that runs under CP/M), fll you do is load the dise 'called,appropriately enough, ""CPM">, type PASCAL, and go. Yet a number ofdesirable features are lost if you don't create your own BIOS for Pascal,such as the following:
1. If your terminal Cor VOM software) doesn't recognize an ASCII @9Chorizontal tab>, you'll lose good-looking output,
2. It is important to have an interrupt-driven keyboard, because whenconsole output whizzes by on your CRT, it won't stop unless your interrupthandler recognizes a "control S$" (ASCII 13 Hexd as a "stop all output"toggle "meaning push it once, the output stops; push it again and it goes),and somehow communicates that te your console output routine Similarly, a"control F" cAScry is useful to get your console to "dump" or ignorelong writeouts.
3.
of roughly the same power as The Electric Pencil, except that it lacks trueright justification and a few other Pencil goodies, while it has some new

The Pascal system comes with a nifty screen-oriented editor that is
and desireable features Ceg, it always tries to put your cursor in themiddle of the screen, where you can see what you're doing>. While there isalso a line-oriented editor, the screen editor is highly addicting Unlikethe Pencil, which is extremely finicky about what hardware you have and
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where it is, the Pascal version works with any good CRT terminal that can
be made to do the following under software control: home the cursor, erase
from present cursor position to the end of the present line, er to the
end of screen, and move the cursor left, right, up, and d own without
destroying text. SETUP, a customizing program which binds your particularterminal's control characters and other parameters to the Pa
makes the going easy
bind into the system a routine for moving the cursor to an positionbefore the screen editor will work.
4, If your present BIOS hangs up when a dise is not present, you'llwait awhile if one drive is empty while in use. Your BIOS needs to justreturn a "1" in register A if a particular drive isn' t READY,
5. It is particularly nice to save things like disc directories and
other usually console-only material ona hard copy device your usual
console is a CRT. As it is now, Pascal has no "control P" toggle to make
the printer follow the console output, as does CP/M But this is easy to
add,
6. One useful addition to my Polymorphics VTI software has been a
"page" mode, where new material is written from the top of the screen once
the last line at the bottom was completed. In addition, upon r ching page
bottom, the page routine calls the input routine to flash the
let you
you' re ready, just hit any character and the page will fill up a
for scanning text, dumps, ete.
7. filong these lines, I have a "slow down scroll" mode inj my BIOS,
where a timing loop set by the value of the front panel sense switches is
called before the screen will scroll. Also nice for scanning text.
8. Although I have yet to check it out with UCSD, I'm fairly certain
that neither the cold boot nor the warm boot code in

system,
a somewhat hidden "gotcha" is that you aljso have to

ursor and
know that the output has stopped and the system is wai ting Whenin Nice

the BIOS is used,
which is only @ problem if you've put needed initialization routines there.
The solution is to insert them in PBOOT, described next,
9, Once you've played with Pascal under CP/M, you' ll
Pascal up with its own boot, so you can use the specialized BI
described above. fA booter consisting of a modification of your
Cyou need read only @ portion of one track, not twod called PBOOT

interpreter? and your new BIOS is stitched together under ODT i q much the
same way as second-level CP/M generation. There is ample documentation for
this process. Put your UART and other system initialization outines in
PBOOT, as there should be plenty of room Tha whole syst of PBOOT,
PINIT, and the new BIOS is then placed on track @ of your Pasca discs by
PGEN.

nt to getfeatures
M booteris

fa second booter, which loads the systemstiched together with PINIT

1a, Othe fferences your BIOS should take into account:

rebooting, and it appears that hitting your RESET button does nothinga. am not aware that there is any specific ocation for

useful at any time
as I do not believe any reserved area is available for your use, such as 40b. Any BIOS variables should be stored within the BIOS itself,
thru 4FH in CP/M.

than 512 bytes? BIOS sizes, and tells you how to handle them in/REAO. ME, a
documentation file on the CPM disc. You really have all the ro you need,
without having to waste one or more kilobyte of memory as in CPs

Blissfully, Pascal is very forgiving of nonst ndard Cmore
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A PORTABLE COMPILER FOR A PASCAL-LIKE LANGUAGE

Mark Green
2328 Coldstream Dr.
Burlington Ontario

Canada
L?P 3T3

able software.Introduction
isIn this paper we look at In general, portability

the problem of portatility, ane a desirable property for a pro-
some of its solutions. A progran gram to have, but it does have
or set of programs is said to be its price.

can be nade toportable if it
In the next section we willwork on a machine other than the

one it was developed on, in sig- look at several ways of achieving
nificantly less time than it took portability. The remaining sec-
to develop it. That is, if tions of this paper will present
took a week to write a program on a case study of a portable con=

someonean 8@82 based system and piler for a Pascal-like language.
can eet it working on a 6822
based syStem in a half a day then Approaches to Portabilityit would be called portable. In this section we present

The advantages of portabil- three ways of producing portable
are From a software.ity fairly obvious.

commercial point of view, if you
develop a program and want to The first way is to write
sell it, the more portable it is the program in a standard high
the larger the market will be. level language. If I write a
Also if a group of people are progran in Basic it is a fairly

a todeveloping program and porta-the work
easy task to get the

on another programbility is kept in mind fron machine, espe-start, then program developement cially if it has the same Basic.
can take place simultaneously on This is the easiest way to pro-several different machines. duce a portable progran, but

there are several things to watch
out for.The disadvantages of porta-pility are not quite as obvious.

Portatle programs are not as The biggest problem thatefficient as non-portable ones. occurs is that there are usually
They run slower than non-portable small differences petween high
ones, and sometimes take up more level languages in gcing from

Portable are machine to machine. Thesememory. progransrarely able to take advantage of differences are usually associat-
special hardware or features on a ed with how the language deals
particular machine. Thus you may with machine level features.not be able to access your widgit Using Basic as an example we cancontroller from a piece of port- come up with the following trou-

ble areas. The Peek and Poke
statements cause trouble because
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the addresses you use may not this is artificial intel egenceexist on ancther machine or may (AT). For a large range of Al
do something other then what you programs Basic is very awkward at
intended, Usually Peek and Poke best. Thus it seems tha some
are useé for I/0 or
pieces of configuring

on
other portability method w uld be

systen software, pest for the programs 1 this
another machine I/0 devices may ares.
be ir. different places and the
systems software may net be the The second way to chieve
same. Similarly the use of portability is by the se of
machine language functions causes abstract machines. This tech-
the sane sort of troubles. Tf nique is also known as interpre-the program is to run on another tive languages (II) and ha been
kind of machine then the machine presented in [1.2]. When using
language won't be the same, ther- this technique you design an
fore, the function is useless. abstract machine that well
If one of these features rust be suited to the that
used then there is one are

program you
only going to write. n its

escape, document its use careful- instruction set you nelude
ly. Every place where the instructions to do operations
feature is used should be plainly that will frequently appear in
marked. What the Statement is your program. If you ar going
doing and how the same effect can array
be achieved should also be noted.

to be doing a lot of
then

pro-
cessing you would nelude

In general any features that your instructions to store and load
Basic has but others don't should from arrays. Once you have your
be steered away from. abstract machine designed youwrite your program in its achine

There are several problems In order to execute
with

language.
this approach to portabili- this program you have to write a

ty. The first is you have to program to simulate your pstract
have a language processor (either machine. This simula vor or
compiler or interpreter) for the interpreter will execuye the
language that the progran is instructions in your

4
bstract

written in. Most micros have a machine program. The key to por-
Basic so for Basic is that it shouldinterpreter tabllity here
this isn't a problem. But all be easier to write the s mulator
these Basic interpreters don't or interpreter than it is to
accert the same version of Basic. write the program. On e the
If a program written in a high simulator has been written for a
level language is going to be particular machine your program

then that level can be noved to it witportable high out any
language must be standardized. trouble or extra work.
There is one way around this
problen, good documentation. The advantages 0 this
Good documentation means there is technique are that you ca design
a written description of the pro- a special machine for the problem

at hand. This machire will begran outlining the algorithm and for thedata structures used. Also the better suited problen
program should be heavily com- then a general purpose language.
mented. These comments need not Since each instruction in the
be in the copy of the progran abstract machine repre ents a

that is used, but a commented high level operation the program
should be included with will not be very large. In gen-listing eral these will bethe progran. programs

several times smaller than
Another problem with using equivalent programs written in

high level languages is that machine language or assembler.
there are no standard languages

for some of thisavailable on micros The disadvantagesare that a imulatorapplications. One example of technique
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must be written for each machine following is an example of what a
the is to run on. macro defintion for our macro ADDthat program

Also since each abstract machine might look like
instruction must be decoded in
software the program will run MACRO ADD P1,P2
slower than the equivalent pro- LDA Pi

cLCgran in machine language.
ADC Pe
STA PiThis technique is quite

popular for the production of ENDM

portable compilers. The compileris written in the abstract The parameters Pl and P2 are
machine language and it produces replaced by the actual parameters
code for the abstract machine. when the macro is expanded.

theThus both the compiler and
ascode produced by the compiler are If we write our program

portable. a sequence of macro calls then
all we have to do in order to

The third method is related move it to another machine is to
to the above method, but instead write a new set of macro defini-

tions for that machine. Thisof producing code for an abstract
nachine, macro calls are pro- assumes that a macro processor is
duced. A hacro is a string available on the other machine.
replacement mechanism. The pro-
gram would be written as a Of the three techniques

of macro calls, each of this one produces the fastestsequence
put it awhich is expanded into a number code, requires pass

of machine language or assembler through the macro processor. The
statements. The macro calls may code proceduced by this technique
have parameters which are includ- is not as good as hand produced
ed in the statements that are machine code, put it is not too
produced. The is an bad. At the present time therefollowing
example of a macro for adding twe are no general purpose macro pro-
bytes tozether, and its expanded eessors available on a wide range
65@2 code of micros. Thus until such macro

processor exist this is not a
ADD A,B usable technique.
macro Designing an Abstract Machine

In the previous section we
LDA A said that the abstract machine
cLC should be designed with the prob-
ADC B len in mind, but how do we do
STA A this? weAs an example present

an overview of the abstract
expanded 6562 code machine that was designed for the

Micro Pascal compiler. Micro
AS can be seen this macro is Pascal is a Pascal-like language
expanded into four assembler that has essentially all the con-

Astatenents, and the parameters trol constructs of Pascal. The
and B are put in the right places Simple data types that are avail-in these statements. able are byte, integer (16 bits),

and char. The structurin&The program that does the mechanisms that are available are
macro expansion is known as a the

The macro ters.array
and strings of charac-

macro processor. pro-cessor takes the sequence of mac-
ro calls, looks up their defini- Since Pascal is a blocktions, and from these defintions structured language with recur-
froduces the expanded code. The sive procedures, activation
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records [1,3,4] ere useful fer
data crganization. Instead of er,

instructions are zrouped togeth~
the

first the byte ones nd then
having compiler deal with the integer ones, Both t e by teactivation records we tnild then and the integer instruct ons are
into the abstact machine. To in the same order. This simpli-
accomplish this all the program fies the job of the compiler,
data is stored on a stack, and since once it cetermines the
the procedure call and return it
instructions create

operation just adds|five if
and remove the arguments are integers, and

activation records. The display does nothing if they ar bytes.
is built into the abstract Fach of these instructions takes
machine ané all store and load its arguments from the top of the
instructions go through the stack, therefore, these instruc-

This novement ofdisplay. tions are one byte long.
activation records into the
abstract machine has two advan- From these examples we can
tages. Since the compiler does draw four guidelines for
not have to deal with them it is designers of abstract machines,
both simpler and shorter. These guidelines are:
Address calculations and activa-
tion record management is done in 1) The machine should be oriented
the simulator which is faster towards the applicat ions in
than the compiler producing code mind. It should provide the
for these tasks. operations necessary for the

While on the
application, and do any of the

sut ject of dirty bookwork. An example of
address calculations lets look at this is the activation record
how array and string elements are management mechansims of the
accessed. For multi dimensional above abstract machine.
arrays calculating the address of
an 2) Each of the instructions
cess.arra

y element is e long pro-If the compiler produces should perforr a whole mean~
code for @ach element reference ingful operation. If you find
then the code will be long and that a certain seq ence of
slow. Therefore, we have operations is being repeated
instructions for loading and constantly then the are a

individual elements in candidate for a newstoring good of thisthe array. There are separate instruction. Fxample
instructions for loading ane are the array referencing
storing integers and bytes in én instructions.
array. The sutscripts for the
element are stored on the top of 2 ) The {nstructions s ould be
the stack. At the start of each grouped together by purpose.
array the dimensionality of the This makes it easier or com
array, and the range of each pilers to produce code for the
dimension is stored. Thus when abstract machine. An example
an array reference instruction is of this are the arithmetic
encountered the simuletor picks instructions.
up the address of the array fron
the instruction and the sud- 4) The instructions shouhan't be

scripts from the stack and per- so powerful that they do most
forms the appropriate operation. of the work in the progran.

The reason for using the
of the abstract machine was so theAS another exampleinstructions lets look Iftypes of program would be portable.

at the arithmetic instructions. the instructions implement
There are five arithmetic most of the progran hen there
instructions for bytes and will be more work in olved in

the four usual arith- writing the simulat r than inintegers, andmetic operations negation. writing the program.
In the instruction set these 12
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from the
abstract

should be
hardware

put at the
time it shouldn't implement

most of the progran.

seen
each

As can be
guidelinesinstruction

than a

above
machine
more fowerful
machine instruction
same

Writing a Simulator
Now that we have covered

the design of an abstract machine
lets look at how we write a pro-
gram to simulate it. We will
assume that the abstract machine
program has already been loaded
into memory. Each instruction is
one or more bytes long, but the
first byte determines the type of
instruction. We will need a pro-
gram counter for our abstract
Machine, lets call it IP. At the
start of execution IP will point
at the first instruction to be
executed.

The main loop of our pro-
aran -will perform the following
tasks, incrementing IP, getting
the next instruction, and calling
the routine to execute that
instruction. Since the main loopis executed once for every
instruction executed it must be
as fast as possible. The first
byte of each instruction uniquely
determines the type of instruc-
tion, therefore, we can use it as
an index into a table of
addresses of instruction process~
ing routines. There will be one
entry in this table for each
instruction in the abstract
machine. The main loop of our
program will then get the next
instruction, use it as an index
into this table to get the
instruction routine address, and
jump to this address. In this
routine the processing required
to execute the statement iS per-
formed. At the end of the
instruction processing routine
there is a jump back to the main
loop. The following is an out-
line of such a program:
LOOP : IP = IP +1

INDEX = CODE[IP]
ADDRESS = TABLE[INDEX]

GOTO ADDRESS

TABLE : ADDRESS OF LOAD
ADDRESS OF STORE
ADDRESS OF JUMP

:

DO LOAD INSTRUCTIONLOAD 3:

GOTO LOOP
STORE : DO STORE INSTRUCTION

GOTO TLOOP

When the load instruction (a
zero) iS encountered the first

:

byte will be used as the index
into the table. The first item
in the table is the address of
the load processing routine, thus
control will be transfered to it
and a load will be performed. At
the end of the processing routine
we jump back to the main loop to
et the next instruction. This
oop continues until a stop
instruction is encountered and
the program stops.

Since IP is incremented
before the instruction is fetched
the initial value of IP must be
the address of the first instruc-
tion minus one. Similarly when a
jump is encountered IP is set to
the jump address minus one. Thus
the processing routine for the
jump instruction would be

JUMP : GET ADDRESS
IP = ADDRFSS - 1
GOTO LOOP

If the abstract machine has
less than 256 instructions the
remaining locations in the table
should contain the address of an
error routine. This is to catch
the simulator as soon as a prob-
lem develops. If this is not
done an illegal instruction could
cause the simulator to go off
track making it hard to find
where the error occured. A help-ful error routine would print the
current value of IP along with
any internal variables to make
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1971,the debugzing
This is the Aho A.V. and J.D, Wlimantechnique [4]fastest one that I know of for Principles of Compiler

simulating an abstract machine. Nestien, Addison-Wesley,
The one disadvantage it has is Reading, Mass., 1977.
that the table of instruction
processing roucsines takes up Siz
Lytes. The version of this rou-
tine that have prezrammed for
the MOS Technology 65 tekes 2&
cycles per instruction executed,

the ninimu™which appears te be
possible. If anyone finds a fas-
ter way of coinz this would
like te hear from them.

Summary

In this paper we have
looked at the problem of porta-bility. and presented three solu-
tions to it. We then looked at a
particular piece of portable
software and the techriques that
were used in it. The desien and

of abstractinplenentation
machines was also discussed.
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VIDEOBRAIN AND THE APL/S LANGUAGE

First Pass At Everyman's Computer

TED HAYNES
VideoBrain Computer Company
2950 Patrick Henry Drive
Santa Clara, California

Abstract
If you like to speculate about what home

computers will really be like when everyone has
one, you had better hurry up. Speculations are
becoming hypotheses and hypotheses are beginning

simulations, learning to program). This
implies the ability to handle groups of
statistics, and education. (e.g.,

3. Modern languages for small computers
should be specifically designed for
small computers using proven language
innovations - rather than a scaled
down version of a 15-year old language

talk will address the first set of hypotheses
submitted for testing - the VideoBrain Home

Computer that has been on the market since this
past February. The talk will look at how well
the hypotheses seem to be working out and go on
to discuss the specific question of what
languages the consumer will find optimal.

An illustration of the advance in
language design from BASIC to APL/S
is given below:

VideoBrain Hypotheses
1. Home computers will be ubiquitous
2. The greatest demand will be in small

$500.00
3. The consumer will use his computer

or:

BASIC
10 READ N
20 MV=0
30 FOR I=1 toN

Education

numbers easily in one dimensional arrays.
to be tested in the homes of consumers This

designed for big computers (i.e., BASIC).

computers with both graphic and
sound capability retailing for under

40 READ SHS PRC
SO MV=SHSxPRC+MV
60 NEXT I
70 PRINT MW

4.

S.

6.

Financial Management
Entertainment
(not home and appliance control)

The consumer will demand that well
designed, easy to use, and meaningful
software be readily available.
The best way to sell everyman's
computer is the same way you sell
most of everyman's other applianceslike microwave ovens and television
sets, through department stores and
other conventional retailers.
The consumer will want to be able to
start with an inexpensive computer and
upgrade from there. .

APL/S Hypotheses
1.

2.

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302

Consumers will demand a superior
language - one that is clear, concise,is easy to write and debug and
faciliates the use of good programn-
ing concepts. This implies structured
programming using the control words of
PASCAL.
Rather than a general language, consumerwill value application languages thatfacilitate certain uses. The uses
with the greatest perceived value will
involve sophisticated number crunchingin such fields as financial analysis
(e.g., stock, portfolios, tax estima-
tion) , science and engineering,

246

100 DATA 3
110 DATA 100 53.75
20 DATA 50 220.50
130 DATA 75 87.00
RUN
22925

APL/S
SHS = 100 50 75
PRC = 53.75 220.50 87
+/(SHSxPRC)
22925
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AN INTRODUCTION TO APL/S
A Modern Computation Language for Personal Computing

ROBERT G. BROWN
777 S. Mathilda Avenue, D148

Sunnyvale, California 94087

Abstract
The purpose of this paper is to introduce

APL/S and some of the philosophy behind the
design.

APL/S is a problem solving language for
use on a personal computer. APL/S is a modified
subset of APL with additional structured
programming control figures.

APL/S has been implemented on the Video-
Brain computer in a removable cartridge with 13K
ROM and 1K RAM.

Summary Of APL/S Features
Structured control figures

IF formula THEN block ELSE block
ENDIF
WHILE formula DO block ENDWHILE
SubprogramsBuilt in functions
+3 -3X543%3!5,;LOG3EXP; MAX;MIN;
MOD; AND;OR;NOT ;LT ;LE ;EQ;GE;GT;NE;
SIN; COS ;TAN ;ABS ;FLOOR;CEILING;
RANDOM; INDEX;ARRAY ;SIZE

Floating point

One dimensional arrays
Dynamic allocation
Any scalar formila as subscript

Extension of ali scalar functions to arrays
Element by element

Reduction operator
With any two argument scalar
function

Character data output
Immediate mode execution

No "PRINT statement required
Program trace

Displays source statement and
results

Cassette tape storage for workspaces
LOAD
SAVE

Bargraph display
7 bars, resolution +64
16 colors

Workspace command s
LIST
ERASE

Statements are Syntax checked at entry.

Freezes scrolling

Insert
Delete
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Mod:ify
Next
Previous
Intelligent display (shows program
window)

Immediate Mode
In imediate mode whatever is keyed

results, if any, are displayed.
is immediately evaluated an the unassigned

Key In
1+2

1 MAX 5

kesult displayed

10

The immediate mode is

Side effect
None
None
Variable A
is assignedthe value
225

3
5

None

None

ideal for
10

experimenting with new funct ons.
Particularly when coupled with array
operations, a great deal of useful work can
be done in immediate mode.6 7 digit accuracy

10

Arrays in APL/S
An array is an ordered aggregate of

numbers where each component
identified by its position yithin the
aggregate. For example, le
A is an array of size two,first number and 11 is the
order is significant, B=11
to A, even though B is made
numbers as A, and is the s
one dimensional arrays are q ionsidered) .

To be concrete, I wil 1 show how an
array is entered at the keyboard and how
it is displayed.

In an APL/S program,
which causes data to be read
board is "KEYB". To read in
the program statement is:

. A=KEYB
the Keyboard entry is prompted;

would appear on the screen.
"NEXT3 the screen would be:

?7i11
This is read in and return

element is
A=7 11. Then
ere 7 is the
cond. Because
is not equal

up of the same
size. {only

the function
from the key-
the array A

Keying in 7 11

as the evaluatedStop key
result of KEYB. Normal ignment statement
action then assigns thé 11 to A.
The array A has been read in.Line oriented program

InterruptsEditorBran
To display the array

statement is:
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A
The screen will show

711
The array A has been displayed.

Why use arrays in a programming lan, e?

is universal in the sense that it can be used
to compute whatever is computable. The reason
for any higher level language feature is to
cater to human needs. Arrays and operations on

arrays are defined because with arrays it is
easier to:

1. Think about certain kinds of problems
clearly.

2. Write the program correctly.

Thinking
about the problem
straction 1s perhaps the single most

important method people use for problem analysis.
It allows us to (temporarily) ignore the details.
An array is a direct language embodiment of
this principle. Instead of thinking of the
individual numeric values -1,000,000;-500,000;
100 ,000 ;500,000; 1,000,000; 1,500,000 we think
of "the cash flows". We think of the aggregate.

Mental operations on the aggregate
An exampie ot this type ofoperation is

"income less outgo is cash flow'. That is,
we do not think of each period as a separate,
different case: ''cash flow in period 1 is in-
come in period 1 less outgo in period 1, cash

arrays provide a direct language equivalent of
thinking of operations on the aggregate.

To be concrete, the series of user
program statements:

would result in the screen showing:

Individual elements
For other purposes, we think of

individual elements. For example, "the cash
flow in the first year will be negative
because of hgh start-up costs and relatively
low sales" or "the cash flow in the last
year should reflect salvage value''. Note in
particular that we think in terms of position
(first or last) in the collection.

In a language, subscripting provides
the equivalent of thinking about elements bytheir position.

Subscripting is done using parenthesis.
For example, with B = 14 22,

B(1) = 14
B (1+1) = B(2) = 22
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Reduction
Another common mental operation on

collections of numbers is to add them up.
For example, "net present value is the sum
of the discounted cash flows". Notice that
to think of it in terms of "net present
value is the discounted cash flow for period
1 plus the discounted cash flow for period
2 plus...."' is to risk getting bogged down
in detail. In a programming language, the
bogged down approach is to write a loop
and use subscripting. The language
equivalent of the more powerful mental
operation is called reduction (because it
reduces an array to a single value).

With B = 14 22, the sum of the
elements in B (or reduction by addition) is:

+/B = 14 + 22 = 36
Any scalar two argument function can

be used with reduction. Some of the more
frequently used are:

OR/(A LT 0) result is 1 if any
element. of A is less
than 0.

ven e most primitive ma e anguage

MAX/A result is the largest
element in A

OR/(5 EQ A) result is 1 if S is one
of the elements of A

+/(A x B) result is the inner
product of A and B.

Here is an immediate mode calculation
using array operations. The overallflow in period 2 is " Operations on
resistance of n parellel resistors is:

!

If the resistanbes are in an array
R, then the APL/S expression for the overall

omy

resistance is: (NOTE: $ means reciprocal
when used with only a right argument).

+ +/2R
Programs

The syntax for programs is straight-
forward.
Program: = PROGRAM identifierr block

ENDPROGRAM
block: = Statementn]}...

statement: = (WHILE formula » DO block
ENDWHILE
Simplestatement

within a block, statements are executed
one after another, in sequence.

The IF and WHILE statements have the
usual interpretations, acting on formulas
which evaluate to true (1) and false (0).

_
Because each block has a definite

terminating keyword, there is no need for
Begin...End pairs as in ALGOL or PASCAL.
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A=7 11
B= 2 xA
C=B +A
A

117
14 22
21 33

(IE formula A THEN block
i [ELSE block) ENDIF



The statement terminators 4 are
automatically created at statement entry in
response to theNEXTkey signaling the end of a In program 2, all the abstract
logical line. solution concepts except "add them up" have

a direct realization. Only one extra vari-
Writing a program able has to be introduced. The "size of

Two important principles in writing the group" is realized in the language
programs are: construct SIZE DATA.

1. For each abstract solution to a part Program 3. With reduction.of the problem, produce a separate
concrete realization in the program. PROGRAM AVERAGE
Although this is not completely DATA = KEYB
feasible in any current language, I TOT +/DATA
think its fair to say that to the extent AVE = TOT + (SIZE DATA)

AVEit can be done, it helps produce
correct programs. ENDPROGRAM

Program 3 shows a clean2. Use a concrete representation which
is as suggestive as possible of the correspondence to the abstract solution
abstract concept. concepts . It contains no extra variables

or loops.
These two principles are themselves a bit

abstract. I will illustrate their application Find prime factors
with some examples.

The final example is an APL/S
program to compute the prime factors of a

Compute the average number. It is equivalent to a BASIC
\bstract solution concepts. Get a group program given by Kemeny and Kurtz in their

of numbers; add ththem up; divide the total by book BASIC Programming.
the size of the group; display the average. Abstract solution concepts. While the

Program 1. Without arrays. number obtained from the keyboard is a non
PROGRAM AVERAGE zero integer, find its prime factors. ToTOT = 0

N = KEYB find the prime factors of a number N, start
I -1 with a trial factor, F=2.

WHILE LE N
If the value tried divides N

DO TOT = TOT + KEYB evenly, then add it to the list of prime
factors and replace N by NéF, otherwise
advance F to the next odd integer. KeepN this up as long as F squared does notENDWHILE exceed N. When finished, indicate that the

In program 1, FOR, concept "get number is prime if no factors were found,
a group of numbers" has no direct otherwise display the prime factors in the
representation. Instead, the programmer has list and the remaining prime factor, N
had to translate to "find out how many in the
group, then get them one at a time''. Same PROGRAM FACTOR

Furthermore "getting and WHILE 1with "add them up". DO N=KEYB
"adding" have been intertwined in the WHILE loop IF (N EQ 0) or (N NE FLOOR N)The "group of numbers'' does not have a EXIT
representation. Two extra variables 1 and N, ELSE FPF
had to be used. Each of these examples are of ENDIFthe type of discrepancy between solution ENDWHILE
concept and programmed realization which can ENDPROGRAMlead to incorrect programs. PROGRAM FPF

Program 2. With subscripting FS = ARRAY 0
F -2

PROGRAM AVERAGE WHILE FxF LE N
DATA = KEYB DOTOr 0
I.= SIZE DATA + 1

IF N MOD F RQ 0

WILE 0 LT THEN FS = FS, F
N = NiF

DO TOF = TOT + DATA (I) ELSE F = F + 1 + (F NE 2)
ENDWHILE ENDIF
AVE = TOT : (SIZE DATA) ENDWHILEAVE IF SIZE FS EQ 90

ENDPROGRAM THEN "IS PRIME"
ELSE "HAS FACTORS"

ENDIFFS ,N
ENDPROGRAM

I=I + 1

'THEN
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The main loop in the FACTOR program is ended by
the EXIT statement.

In the FPF program, the statement FS=ARRAY 0

initialize the array of prime factors to the
empty array, an array with zero elements.
When a prime factor is found it is concatenated
onto the array of the factors by the statement
FS = FS, F.

After execution of the factor program the
screen would show:

FACTOR
212
HAS FACTORS
22 3.

Summa
is a problem solving language

based on two widely accepted language
facilities: APL array data and structured
programming control constructs. It can be
readily expanded in either direction.

As a first language it eneourages the
development of sound programming technique.
This will be of benefit regardless of what
other languages may be learned later.

The experienced user will benefit from a
language which helps him to quickly construct
well structured programs.
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NOT FLAKY - Lexitron put
these solenoid banks over IBM
Executive
until recently used them

typewriters and
as

printers on $17,000 word
processing systems, Califor-
nia Inudstrial recently adver-
tised the units.

Bring your own typewriter:
WHY CAN'T WE HAVE
A $49 CORRESPONDENCE-
QUALITY PRINTER ?

Factories pour out millions of electric type-
writers a year. People already have these
in their homes, or can get them at low cost.
Work performed on these machines, even
the cheapest, looks better than that from
about any new, $1,500-or-less printer that
can be connected to a computer system.
What is the possibility of connecting an
electric typewriter to computer?
That question has bothered me since the

day some years ago I read in an electronics
magazine an article about a marvelous new
kit that would allow me to own a computer.
Consider the possibilities: A person could

walk into a computer or electronics store
and buy his ready-made computer, As the
clerk is writing up his order, he could point
to a $49.95 blister-packed device on peg-
board, and say, "And dammit, I'll take one
of those, too. Will it work with my SCM
portable?

In order to get the project moving, I as-
sembled a typewriter adapter from rather
fancy, and expensive, solenoids, That ex-
perience is written up in the article that

3RD WEST COAST COMPUTER FAIRE 251

follows, "Simple Converter...", reprinted
from Low-Cost WORD PROCESSING.

That hardly was the end of the challenge,
however. The Hi-G coils, at $130 per set,
are obviously too expensive for such a
project, There must be product available
from someone,
All solenoid manufacturers we could un-

cover were making fancy, expensive units,
Yet inexpensive solenoids find their way into
many everyday products. Toys and door
chimes come to mind. Door chime
facturers were queried. A little persuasion,
stretching out over a year, and we were
sold one set of solenoids, similar to one
pictured on the opposite page, for $1 each.

The $50 (or $98) typewriter interface is
possible. With such a large market for such
a device, it would seem reasonable toassume
that eventually someone will market it.
Low-Cost WORD PROCESSING, $12.95 for

12 issues, is published by nonprofit Com-
puter Information Exchange, Inc., Box 158,
San Luis Rey CA 92068,

Bill McLaughlin
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:

SOLENOIDS COMPARED -
Dollar door chime solenoid,
left, is compared to $2.45
Hi-G, to which diodes have
been soldered.

:

=
x
a

er gy

4
COMPLETED TYPEWRITER INTERFACE-Word Processing's solenoid bank is seen in

place
at pr IBM Executive model C, which has market value of about

was set on this machine,
350. Hea ines of this issue are Executive blowups and al type in previous issues
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$49 QUALITY PRINTER, Cont.:
SIMPLE CONVERTER
MAKES ELECTRIC TYPEWRITERINTO COMPUTER PRINTER

Copyright 1978
by Bill McLaughlin

It can be done, Your electric typewriter, no
matter what kind you have, can be used asa
printer for your computer system.If your typewriter produces letter-quality
printwork, your computer will be able to do
the same,
Your typewriter does not have to be modi-

difficult mechanical, serv cing, and reliability
problems, So the mechanical interface simplysits on the keyboard and pushes keys,
No, the unit will not break printer

records, but it probably will be as fast or fast-er than most Selectric interfaces, since these
are usually done improperly, at half speed,with attendant greatly-accellerated wear. Sel-
ectric is capable of 15cps operation, An inex-
pensive Royal 2000, which in our area dis-
counts for $220, can type 13cps-5.5cps faster
than an improperly-interfaced Selectric.
At the outset, let us be skeptical that anyonecan operate this interface at the theoretical

speed limit of a typewriter, Seven-and-a-half
to 10cps would seem reasonable, however,

We might also say that it may not be smart
for someone to go out and buy a typewriter forthis project. We aren't saying you shouldn't do
that, either. What we do say is that if you have

riter that is in good condition, or re-
project very well could produce a better print-er than you could buy for many times the cost.
We also note that used office electrics sell for
$80 or $90. Some companies give them to their
employes,

Word Processing Letter, and do some serious
thinking about required throughput, and about
your operating system,The interface requires only seven of the eightlines normally available on a parallel port. Of
these:
-Three feed the one-of-eight rowdemultiplexers
-Three, the column demultiplexer-And one the shift signalThe left-over line can be a strobe, if you want
one,

diode-separated matrix, illustrated in figure 4.
This arrangement was judged to be the easiest
to wire, One spare position, row 7 column 7,allows you to operate a signal light, whistle or

rejected the idea of hanging the sol-fied We
enoiids under the machine since this presents

speed

All typewriter keyboards are not alike, Man-
ufacturers especially like to move special char-acters and the figure "1" around the periph-
ery. These differences should be accommodated

wierd keys. An IBM "Standard" in this office
has fractions where period and comma should
be. Were I interfacing it, and I probably will,
I would wire it the same as the Executive, fig-
ure 5, and correct the odd keys in software.

FIGURE 1-Lamp matrix illus-
trates how keyboard solenoid
bank operates, Current between
any possible combination of one
column and one row lead causes
lamp at intersection of those two
wires to light. Without diode iso-
lation, however, adjacent lamps
glow objectionally,

a ty
par le» SO that it produces good work, this

Is it fast enough? Read "Speed not as im-
elsewhere in thisportant as printer quality",

FIGURE 2-Column and row grid
is simply wires which do not
connect, One side of each fil-
ament connect to a row, other
side connects to column,

All iter character and function keys
except t are arranged in a seven-by-seven

FIGURE 3-Diodes connected to
each side of filament isolate
lamps so that none glow while
desired light burns,bell,

We have arranged an array of 16 Xmas bulbs,
four rows of four bulbs, One side of each fil-
ament is connected to a horizontal wire, called
a row. The other side of each filament is con-
nected to a vertical wire, called a column. In
the case of this 16-lamp array, there are four
rows and four columns, If you connect a cur=

Theory of operation is illustrated, figures 1-3.

in software
So do not take seriously the placement of those

not through wiring changes.

rent between any one row and any one colum
one light wil burn brightly, and several
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glow. The bright light will be at the intersec-
tion of the energized row and column.
For our application, having just most of the

current go to the proper solenoid might not be
good enough. At worst, more than one key at a
time would depress, At best, we would have
unnecessary chattering, and possibly excessive
loads on the drive circuits,

The solenoid matrix is identical, except it
is seven by seven, accommodating up to 49

magnets.lenoids selected were the smallest we
could find that would operate IBM "C model
typewriter keys. These are the Hi-G series ''S"
size "A" 24V coils, driven directly from the
120VAC line, no transformer.

Powering 24V coils directly from the 120V
line may seem a mistake, but that 24V rai
is for continuous-duty operation,Ty and we
be energizing the coils only for short duration,
perhaps less than 1 per cent of the time.
Under 10 per cent duty cycle, the coils are
rated for up to 61.2VDC. Now, we aren't exact~
ly feeding them DC either, since our diodes are
forming half-wave rectifiers, We're pulsing
them at 60cps, which also is not bad practice.
SOLENODS:
We chose the Hi-G series '"'S" coils. Size "A"

is only .365" x .5" x .843", This leaves ample
room between units for mounting, wiring and

admiring your handiwork, Larger coils would

FIGURE 4Solenoid matrix accommodates keys of IBM Executive
typewriter, shown below. Rows 3 through 6 are picked straight
from central portion of keyboard, separated by dotted lines, Re-
maining columns of keys are moved up into rows 1 and 2, without
changing order. Machine functions and one special character are
on row 7, Shift is not matrixed, since it must operate simultan- prnt

iously with all character keys.

+ 1 owl
SOLENOIDS

2

3865

4

5

6

bs 7

LASCR
OPTO

7497 6 CI
ISOLATORS

115 VAC2 3 135coll

FIGURE 5-Here is IBM Executive C model keyboard, without
showing alternate-case special characters,

BOOO@AOOOOO back
space

Q OOOOOO COX P 1
re-() ax

@O® \OOOO@O Oxo)?
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cause difficulties,
Size "A" coils are used for all character

keys, slightly-larger Size "B" for three mach=
hines: tab, back space and return, Size "C",
approx. 3/4" sq. by 1 1/4" high, is used for
space and shift.
Can such tiny coils wield the power that is

mightier than the sword? Yes. Because even
the coils over the most frequently-used letters

would think,
By experimentation, we've found that Exec-

utive keys require about 2.5 oz of force to
strike. They alalso must travel about 2.2". Ace
cording to the manufacturer's charts, we could
not get that minimum stroke and force out of
Size "A" coils, but can get it from Size "B",
which is not much larger. However, we do get

We bought 24V coils for all but shift and
space, At 24V, the coils do not deliver anything
near the power needed to depress a key. But
24V is only the continuous-duty rating. At
61.2VDC it delivers many times the force.
Duty cycle must be limited to no more than 10

time must not exceed 5 sec. No problem.
We are turning these solenoids on and off

with Light Activated SCRs (LASCRs), little six-
pin DIPs that have built-in LEDs which shine
on the SCR, turning it on and off, Using these,
we can control up to 25W with a 10ma TTL~
level signal, No transformer is needed, yet we
get 2,500V isolation from the line. But this
puts 120V on our 24V coils, Can they take it?
ABs we pointed out, the manufacturer gives his
blessing to 10 per cent duty cycle and 61VDC
operation, With our diodes and SCRs in the
circuit, we're delivering pulsating 120V. Since
each pulse is accompanied by a rest period
our coils don't mind it any more than they would

61V--but we probably get more power!

When selected, a character solenoid is pul-
sed for 8,33msec, every 16.66msec. Response
starts within one pulse, We estimate no more
than 100msec. is needed to depress the key.
At the 13 character/sec. maximum rate of the
Royal 2000, each character would require 76.9

We assume the key must be depressed less

gized somewhere between 40 and 70msec, or 5
to 7 pulses,
There are two kinds of typewriter keys:

character, and machine functions, Characters
are what you read, and. functions make the
machine do things, like space, tab, return and
shift, Don't think that is just four keys, how-
ever, since there are usually at least two kinds

the typist both a two-space normal between-

most caps, and five for "m", "M", and "W",All characters require about the same key=
ing force, on IBM typebar machines about 2.5
oz, for about 2.2" travel. Machine function
keys all require more force, but usually less
travel, Return requires about. 3 oz, space and

turn-on and off. With our use of SCRs,
indeed have zero-voltage turnoff. If we want
to have zero-voltage turn-on, we can either do
it with the optional Print LASCR, figure 5,or replace that with a more-expensive solid-
state relay which has that feature. To get zero-
voltage turn-on, we could AND the Print signalwith the unused half-cycle. To do
that, you must 120V to TTL. Anybody
have a neat and inexpensive way of doing that?
How about zeniers?
That Print LASCR is optional, If implemented,

you need provide it a print or strobe signal,
No problem, we're using only seven I/O lines,
The computer will give us that Print signal at
no cost.
Zero-voltage turn-on might indeedbe aworth-

while feature, Without it, we might be putting
noise on the 120VAC line, and our computer
might not like it.
Besides the optional Print LASCR, a mech-

anical breaker, also in series with the 120V
supply, 'could provide fail-safe solenoid burn-
out protection,Rl has been inserted in row 7 to make the
three Size "B" coils the same impedance as
the Size "A" ones, We figure about 70 Ohms,
and about 1.5 W. At the durations and duty cy-
cles we are using, 1W parts should be more
than adequate, but worriers could install 2W.

back space 4 oz, shift 4,25 oz, and tab 5.5 OZe
Travel is approximately 1.3",

zero-voltage
we do

sit idle most of the time we can force a lot erists have asked
In discussing this

ve
o1ec
we ha

several comput-
more power through them than most people

what we want out of Size "A"
of voltage and pulsing, we use them,

per cent. We can live with that. Maximum on

PARTS:
We used the following from Magnetic Corp.

Hi-G subsidiary, 96 Granby st., Bloomfield CT
06023

42 SAA2724D1 size "A" solenoids, at $2.45 ea.
3 SBA3724D1 size "B" solenoids, at $3.89 ea.
3 SCA37120D3 size "C" 120VDC, at $4.71 ea.
From Tri-Tek, 7808 N 27th av., Phoenix AZ
85021:
16 (one optional) H74C1 LASCRs, at $2.15
16 SKT-0800 8-pin wire-wrap sockets, at $.38
From anywhere: inexpensive Vector or OK

7.8 aperiod Tool wire wrap kit, 70 Ohm 1W resistor, 100
diodes, contact sement and spagetti.

msec to print. Most users would be with
of

CONSTRUCTION:
To make wiring easiest to understand, have

seven colors of spagetti. One way of achieving

ering scheme of resistors. Skip black, or
zero and use brown through violet to denote

/columns 1-7, Add black bands to ends of
one set, either column or row, so you can in-

Board layout is easily accomplished, on Plex-
iglass, with grease pencil. First cut the board

square, then drill holes for solenoid pushrods,

than half the print cycle, so coils need

that is to paint it, us a kiddie modelers*
est the BBROYGBVGW num-

of space, called "space' and 'back stantly identify wires.
offerExecutives have proportional space,

awo
it is of a lowercase " ", and

so that it fits the keyalso called "el" 'P.ce, because
the th itions. Straighten u

then we may be just extra fussy.
Once a Plexiglass board has been prepared,

you might give some thought to transferring

space or "en" space, width of lowercase ""n"',

On Executive, back ce is a si We considered a drill press indespensible, but
e twice for narrow

letters €,1,1,ted, and D,spacing: you must ba
for most lower-case, and "S", four for tf andall numerals
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its dimensions to steel. The extra weight of

thinner, thus gobbling up less pushrod length.
Pushrod length is going to be a problem to

everyone. The solenoid people don't really give
you any. You have to trim the Nylon tip, the
side of it with a hole, so that your solenoids
have enough motion to trip typewriter keying.
Before you do that, you can simulate the cut by
just not screwing the tip all-way down on the
push rod,

Solenoids can be held in place with contact
cement, the stuff that has held the Formica in
place for 25 years on the bar at Ethel's San
Luis Rey Cafe,
For software considerations, we include a

table of hexadecimal and binal codes for each
key, Note that it ignores Shift, since special
characters move all around the keyboard, as
far as standardization is concerned. Thus your
software tables will be twice as long, one table
for Shift and the other for Unshift.

stel would be of advantage in giving m
nets a 60lid base of operat t

WELL, IT'S A START:
HERE'S TYPEWRITER SOFTWARE

Here are the six-bit codes for
all keys on the IBM Exec-

character binalutive typewriter. character inal hex dec- hex dec-
Shift, not shown on this

table, is bit-seven, Bit eightis not needed, but Word Pro~
cessing will probably use it
as a strobe or print signal,

In sriting a software con~
version routine, or a PROM,

'out probably be
in hexadecimal. You
this in an ASCII/

Baudot or other conversion
+ This will really be

st a List of hex numbers
'om to 7F (ecimal 127),

list with a list of identical
length that gives the typewrit~
er-interface code equivalent
of each of the ASCII codes,in ASCII order,
ASCII starts with 32 ma«

chine codes, then 32 numbers
and special characters, then
at hex 49 "@" is followed by
the capital letters. Thus "A"is the 66th ASCII character,

In the 66th. line of the sec~
ond 127-entry table, you will
put your interface's hex code
or "A",

imal imal
ool Oli 13 19
010 101 25 37
001 101 15 21
010 001 21 033
011 001 31 49
011 010 32 50
Ol1 011
Ol] 100 34 52
011 101 35 53
011 110 36 (54
011 111 37 55
110 111 67 103

110 001 61 97 1
B 110 011 63 99

001 010 12 22

D 101 001 51 81 2

start by m

111 110 76 118

listing.
workingwill find

a
100 101 41 65 3
101 010 52 82 4

H 101 10 54 84 6101 011 53 83 5

100 110 46 70 7

K 101 110 56 86 9101 101 55 85

101 111 57° 87

You
110 101 65 101 110 110 6
100 111 47 ?110 10 64 100 010 111 27 39

102

001 111 17° 23
010 110 26 38 quote 001 110 16 22

Q 001 001 11 17 hyphen 001 100 14 20

010 011 23 35 tabR 100 010 42 66 bracket 111 110 7 6

T 100 011 43 67 B.S, 0 4

110 101 62 98 Sp. 2100 101 45 69 return 111 011 73 115
111 10 74 116

010 010 22 34 8p. 3 111 101 78 117
x 010 100 24 36Y 100 10 4 68
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$49 QUALITY PRINTER, Cont. :

Speed usually not as important as print quality;
systems to blame for printer's apparent slowness

Sometime, who knows when, people may start
thinking rationally about printers for small
systems,
Mention a printer somebody hasn't heard of,

and he will reply, "How fast is it?" Printers
are evaluated mostly in terms of speed, not
print quality.
Selectrics, which if interfaced properly zip

out about 185 words/minute, are rated "slow",
A recent magazine article tells about the ideal
solution: a $600-$700 20/40/80-character/line
printer that spits out 40 to 80 readable char-

print 272 4" x 11" letters in a little over two
and a half hours, on a $2.50 roll of electro-
sensitive paper.

Why is ththi considered a sensible choice
for a printer? Because if you have your com~

there and wait until it finishes printing. The
computer can only do one thing at a time, and
unfortunately it is involved in printing.

he was ething more
an 8080 for 2.95. It was 6

"WATCHED POT' EFFECT
It is the "watched pot" effect. Put something

on the stove and it will be burned up before
you get back to look at it. Second time around,
you stay with the pot, and it now takes for~
ever even to boil.

So it is with home computer systems: tasks
which require the operator to wait for com~
pletion are intolerably slow; those which either
involve the operator, or allow him to do some-
thing else, are at least tolerably fast.
The average small computer system will

not require ten pages of printing in
hours operation. Slow speed devices can

meet those needs if printing does not hog
the system.
Two solutions, other than the popular "fast

printer" reaction, are: multitasking and multi-
processing.Either multitasking or multiprocessing, or
both, are cost effective alternatives to a faster
prin device.
Mu t tasking, to our knowledge, is now mar~

either the over-$100 TSC package, or the $55
RT/68 Mikbug-replacement ROM from Micro~
ware.
Few tasks actually tie up a small computer

instead of waiting to output the next character
to the printer.

seemed an expensive way to go.
Sunday we were rapping with Don

Smith of Jade Co., and were amazed to see

3RD WEST COAST COMPUTER FAIRE

I exclamed, recalling that $350 88080. "Yes,
I pay $5 for them," Don replied.

In order to save a $5 processor, people are

shown to anybody,
It is a case of e having solutions before

should look at the whole system occasionally,
instead of always focusing on components,

we don't recall which. "Twelve-ninety-five!"
2, or 6502A,

more they
ould for

so bad it has to be retyped before it can beprinters, and getting print quality

ones),acters a second (er 160
they understand e problem. The problem with

correspondence (and it coall-caps on narow silvery
having to wait for a slow printer isn't the slow

be), it could
but the system that makes you wait

or beast. When working with systems, we

SLOWER IS 'FASTER'
An example: a number of years back we had

a Friden Flexowriter. Then, through a good
deal, got a Selectric-based Dura Mach 10. We
were using these machines for their punch-
tape buffer, the fact that they took the typist
"off line". The punch tape could be corrected,
and the typing would go out-of-house in per-
fect shape.
Before Dura, the 100-wpm Flexowriter was

Both machines have been long gone. Recently,
a Friden Justowriter was acquired. That ma-
chine prints slower than the Flexowriter (when
justifying), yet seems tolerably fast. What has
happened? Ye olde scribe slowing down?

No, we just don't have to wait for Justo like
we did for Flexo, Flexowriter and Dura were
single machines, Justowriter is paired. You

and you ask
a

set up as mostter
printout on something

le do
ing, you've got to sit

"gee whiz" fast. Once the 185- Dura was
up, however the Flexo was into erably slow,

have a puncher and a reproducer. Instead of
waiting for the reproducer to finish printing
a tape you have prepared, you can go back to
the puncher continue working. Thus a
slower printer seems faster.

THE $250 LINE PRINTER
For $250, someone I know purchased a

probably run/ruin $100 worth of paper in a
single evening. In the couple years I have
broken-down line printer that, if working, could

keted only to 6800 buffs, who have a choice of known him, this
enough to fill 2gry, pa which isIn event
he ever gets his computer wo
questionable and also gets his l ne printer
working, which is doubtful, and gets a room
big enough for the VW-sized printer, again
doubtful, what makes anybody think that merely
having a computer will make him prolific
enough to produce more than a page or two

how much printing is to be done, and what
quality is desired. If quantity is less than
a half-dozen pages per hour, speed need not
even be considered,

with work, Most of the time your computer is
waiting either for input or output. Multitasking
simply frees the computer to do something

ofLoked at from a systems ap
per day?

superchip, 8080, a copy, multi-Three or four years when the then~ we ask

essingThe other
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AN ASSOCIATIVE RORY FOR THE 5-100 BUS

Sydney M. Lamb, PhD
Semionics Associates
41 Tunnel Road
Berkeley, CA 94705
(41) 548-2400

Abstract

The associative memory--also know as
content-addressable memory (C\}: )--allows
data to be accessed by content, in con-
trast to conventional memory (RAM), in
which data are accessed only by location.
Since a CAN is logically imore complex than
a RAM, it is more expensive to construct,in fact so such more expensive that few
CAMs have actually been built.
A simplified design has now been developed
which lowers the cost of Ci by two orders
of magnitude, to a level only moderately
higher than that of RAM. It is called
Recognition Memory, or REL for short. Itis significant for the personal computing

produced is designed for the S-100 bus.

The board has a capacity of 4K bytes,
and it operates with either the Z-80 or
the 8080. Besides the recosnition cana~
bility, or content-addressability, it has
two other important functions: miltiwrite,
the ability to write data into multiplelocations with a single instruction, and
bitemasking, which allows individual bits
or specific bit patterns in memory to be
operated upon. Adding this combination
of features to an ordinary computer con-
verts it into a very powerful machine
known as a Content. Addressable Parallel
Processor (CAPP) (1). Among other things,
a CAPP can perform parallel addition and
subtraction and parallel searches for
minimum and maximum values.

3RD WEST COAST COMPUTER FAIRE

The REM board adds 17 instructions to the
instruction set of the microprocessor for
various types of recognize, multiwrite, and
auxiliary operations, without any changesto the CFU. The instruction codes for these
operations are contained in certain high
order address bits, which are not needed
as address bits for operations sinceall memory blocks of REM are accessed inparallel.
The ReM boards can also be used as ordinary
RAM when desired--examples of such use
are for loading data into REM and for
reading records which have satisfied a
given set of recognition functions.field that the first version of REM to be
A typical CAPP configuration consists of
an §-100 microcomputer with 16K or 32K of
RAM (for programs, buffers, and so forth)plus 16K to 56K of REM. REM boards maybe assigned to multiple memory banks for
use as RAM, but all ReM banks are accessedin parallel when operating in REM mode.

Applications of REY include pattern re-
cognition, information retrieval, compilingand interpreting, natural language pro-cessing, and code compression (to increaseeffective capacity of disk and other stor-
age devices including REM itself).
References

(1) Caxton Foster, Content AddressableParallel Processors. Yan Nostrand
Reinhold, 1976.

78 Nov 3-5 Los Angeles, Cal.258



THE ~ A COMPUTER DISPLAY IN A PEN
by

Rober. Freednan
P.O. Box 1136
Lawrences Mass, 91642
(617) 683-4657

This paver will introduce a eletant and
innovative way of displaying aicro-cosputer outrul data to 2
viewer, The adic Wend 1M) is a Retinal TH), 3 device
which proJects an ised directly onto the retina of the eve,
It eliminates bulky aad exrensive CRT and display panels by
witind an directly on the retina of Une ever using 2
scanniad technigue previously unexploiled for this PUPPOSEs

A pen sized Majic Wand is desonstrated as an exaaple
of the whole foaily of interesting display arrlications that
can be resiized using the Retinal Display technique.

A Wand that display 3 line of UP to 100

siphe-nueeric characters at 2 component cost of under $10,
is described,

The Retinal is sham to be the aost cosract and
ecunusivel computer display available to date: and naturally
suitable for personel computer use. Many of the innovative
variations of the display are also-discussed.

Essential to every personal sicro-conputer is 3 peas
of transfering dete between the conpuler and the users 2 huaan

interface, Typically this has meant 3 Keuboard and 3 CRT video
display. The CRT is 3 high bandwidth outeut and hes hish
redundancy, It sives you sore inforaztion than you really need
to interact with 2 computer, The CRT is also heaves bulky
fragile rower fansrur and expensive.

For those zeplications where the CRT is not appropriate
such for a truely portable personal computers Uhe question
cam be asked "What is the minimal bendwidth display hardwre
thet will provide 2 visual transfer of inforaation to the users
sufficient to support. effective dialog with 2 conuter?"
& dot astrix display of at least one line of text is prodably
the eaallest useful display. Bul even thet can cost too such
and require too much power using 785-35 diodes rer character,
Also displevs of this ture are frequently aultirlexed to save
losic and power. If the diodes are not all on at the sase Lines

hove Usa? Tastead of illuminating 21] of the diodes sone

Of the Liner uw not illuminate 2 few diodes most of the tine?
Truss one colvan of diodes sechanicelly scanned accross 3 row

Should fore as well 2s 3 matrix of diodes that is scanned

electrically, Alsor rather than continually redisplay the line
of text in Ue viewr sisht want to look at its why nol
display Lhe text only demand? When these idess first
tested in 19745 it was found not only Ut they workeds but
that @ surprisingly few scans were needed to read the text.
fefreshing 2 display al a rate below the "critical" flicker
frequency (25hz) is a heretical gpproach Uhat actually works

well. It results in s display with vers pall bandwidths and

redundancy but sakes an excellent tuaan interface.
The tera Retina! Display wes chosen to describe the technique

of painting an inade on the retins be aechenically scanning

in at least axis. The Wand is only Kind of
retinal display.
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Definition of Retinal Display!

A Retinal Display can be defined as any device which
e@hibits the following characteristics!

1, The inade is written directly-on the retina of the eve.
Lisht passes from the esitters throush the eve's lens»
directly onto the retinas with no intersediate display
sreen being used. This would only scatter available
light. reducing brilliance and efficiency,

2. The iaade is stored only on the retina. Whereas the
ligid crystal display presents 2 complete inate and 3
CRT Phosphor hes 3 persistence of anywhere from aicro-
seconds lo ainuless the retinal display pakes use only
of the eve's rersistence of vision. The persistence of
the retina varies inversely as a function of the amount

of light entering the eve, Thus 3 dark adapted eve willstore than one exrosed to hish aabient
light levels.

The inate is presented spatially as 2 sequence of inase
fragments that are sccuslated over tine and asseabled

on the retina lo fore the The imase is
constructed over tines rather than flashed onto the
retina all st once 25 with 2 aovie frame.

3

The Retina) Display consists of 3 ainiaua nuaber of
Point source esitters which are sechsnically scanned
through the field of visions and podulated with
brightness infornation,

4,

Princieles of Operation!

The MaJic Wand is a very elesentary fora of 3 Retinal
The Wand consists of a linear array of Lisht

Eaitting Diodes (LED's) mounted at the end of 2 Wand (ren),
To display a single line of texts 8 LED's can be used. As the
Wand is waved throush the field of visions vertical slices Uru
the alpha-nuseric characters are sequentially displayed 2s from

@ coluan oriented character seneralor ros. The line of text
appears to float in seace in front of the viewer. In sost
cases only me sweer is necessary to to read the nessage, In
cases where Une dats is complex or obscurer multiple SWEEPS.

aay be used. Also if very long line is being displayed sev
120 characters. One be used to read the first rart of
the lines and aother sweer for the end of the line. Linearity
of the sweep can be controlled by varying the velocity of the
Wand by WRIST ACTION interactively sodifwing the display
pwraseters for oplinua data transfer. Spatial redistration
of successive sweeps is not important as the visual systes
is hishly adaptive and compensates so aprerentiy distorted
{non-linear )s or pisredislered sweers are easily readable.
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Advantases of the Vand! Rather than waving the wand by hands various sechanicel
schemes may be used Lo scan the display. The wand say be put

The Nadie Wand is compact, It can fit into a rocket on 2 petronome devices and waved at a fixed rate. The wand say
wuld a pen. In facts the wand could contain 2 pens or pounted on the edde of 3 disk or drum and spun continuously.

vice-versa (sort of poor man's hardcopy). The wand can be fm array of 128 LED's be mounted on the face of 2 disk and
obtrusive in use. A flick of the wist can provide a used as a Plan Position Indicator (PPI) for radar,
transient display of dats unnoticed by surrounding persons. Instead of poving Lhe wand past the eves of the viewers
(Envision university exam roons full of wrist flicking the Retinal Display works equally with aoving the viewer's eves
cenputer hackers.) Ory combined with Ascii spouting Walki- past the wand,
Talkis the Wend could faciliate 2 really Portable The Wand uses 2 nowinal 0.1" spacing between each

LED. The size and spacing between LED's can be scaled ur ordata terainal,
The Majic Wend uses very little rower. Its duly cucle down depending on what LED's are available and the arrlication.is less Une 502) and it consuses no rower excert when beiad The Majic Wand was nol practical before the advent of

waved and even then its ATR COOLED. But most ineor tantly both and LED'ss however it is possible to use
the Majic Wend costs little nore than the price of sone Lisht Strobe lishts instead of LED's and ake a display of incredible

Diodes wd sose minis! interfacing, intensity suitable for displaving advertising from sn airplane.

Computer interface! Other Aprlications:

The Wand be interfaced to anv microcosuter One of the most interesting possible uses for the
with eniv one eisht Dil parallel outrut port and 2 one bit Wand is in advertising, Imagine 3 poles an Ad-poler standing by
input port. The culeut port is used to drive the eisht LEDs. the side of the road. If look at the poles all you is aActually only 7 LEDs wre used to display 5 x 7 dot patrix ver tice] column of lishts. However if you drive by the pole atcheracters, The input bit is used to sunchronize the display of histway speeds you will see spread out in bright red letters?he with the besianing of the sweer, This is accowlished TRIK IR, PEPPER" or "VOTE for HARRY" etc,
by nems of an inertial switch which senses the reversal of This is Dynamic Advertising. The Ad-pole takes up little rooGrection et the 2 and (riggers the aicro- conares Lo standard billboard sims. It does not obscure
computers efter 2 suitable delays to display the line of text, the scenerys and is environsentally inoffensive. The onlyWe inertial switch consists of 2 diode cantilevered at one thing it can pollute is the sind of the viewer with sublle
ead from the wand. The other end is forced into contact with a sublininal sussestions thal are difficult to avoid.wirer also soldered to the wands by inertia when the wand The Ad-rale is econoaical to construct and asintein.reverses direction. The diode was chosen because it is sold A single chir microprocessor can be programmed to display 2
photeds Has the proper ass: and costs only 5 cents, variety of adverlising sessases according to 3 tine schedule.displays can easily be built requiring 3 Thousands of thea could line the histways of Aserica eachJatehed cutout port for each line of eisht rows of dots. containing 2 micro~cospuler Pros us.

A variation on the Ad-pole is to mount the Wand
on the side of a car, Cars doing in the oprosite directionTechnics) Considerations; on a hishwow will see the sessase. With 2 Keuboard the
cars one can create graffiti on uheels.The List Eattting Biodes used for the Wand should be The ultiaale inpliaentation of the Retinal Display(he brishtest available, They should be driven with the hishest is to aount some very shall LED's on 2 pezio-electric crustalcurrent consistent with the rower dissipation of the diode. and eabed if with some optics in an eveslass frase for useSince the duty cycle is low the peak current can be several as 3 head-up display for 2 truley personal computer terminal.tines thet of the specified currents for sreatest efficiency, The user would see data hanging in space in front of hia-selfThe Wand is best viewed with 2 dark contrasting background, sureriaposed on 3 portion of his normal field of view.The computer that controlles the Wend should have a

tine delay from the ponent, the reversal is senseds to
allow the wand to accelerate before the next suser, Conclusions!

The Retinal Diselas is a technique for displaying dataVeristions! without an intersediate display screen. The Wand is a
The basic HeJic Wand consists of 8 LED's displaving one particularly appropriate for use with personal and rortableline of text when weved by hand, Manu variations are possible, and is being used to pursue af theline displays aay be built using 8 & (# lines) LED's. comercial applications mentioned above, In additions the MadicGraphical displays can be built with 2 linear array of any Wand is a unique and interesting novelty of itself? whichweber of LED's, The graphical display can be either in Polars can provide 2 sreat deal of interest and amusement to the@ cartesian coordinates: Gepending on how it is scanned, Personal computer owner or hobbiest.

Anyone interested in exploiting Une Wand for
comsercial purposes is advised to contact the author resardinglicensing of Unis technology,

inexpensive inplisentation of Uhis Lechnique which is
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DOUBLE DENSITY RECORDING ON FLOPPY DISKS

A COMPARISON OF TECHNIQUES

by JEFFERSON H. HARMAN

Director of Research and Development

PerSci, Incorporated
West Los Angeles, California

Abstract zero. This is NRZ. This code is also a most
efficient code, having only one bit per transi-

quired, relative strengths and weaknesses one transition on one of the tracks (usually
of the codes and write precompensation are also checking parity) can be used to clock the
discussed. code - as in seven or nine track tape drives.

This code is not used in floppy disks because
Introduction only one track at a time is read.

tion. Unfortunately, this code does not containThis paper is a comparison of three com
a clock. In systems where several tracks aremon] used double density codes, MFM M2EM
read in parallel, schemes quaranteeing at leastand The reasons these codes are re-

Man is forever trying to get something Double frequency code; also known as FM, frequency
for nothing; or at least more for Jess. doubling, and other aliases, consists of adding
In his continuing search for more stor- a clock to NRZ such that the data transitions
age for less money, the computer system are ideally centered between clocks. This code

designer is going to double density codes is self clocking, is easy to encode and decode,
on floppy disks. The use of these codes but requires two transitions per bit. This code

doubles the capacity of the floppy disk, is the most widely used single density code for
almost for free. However, all methods floppy disks.
are more susceptible to noise and density
effects than the single density codes. Density Effects

If one could write magnetic flux reversals as
close together as needed, then requiring twe

In order to understand why simply changing transitions per bit would be no disadvantage.
Mechanization of Recording

the code can double system capacity, we However, life isn't that simple. As transitions
need some understanding of what happens are packed closer together on the media, density
in saturated magnetic recording. The read effects begin to shift the location of the transi-
write head consists of a coil on a ferro- tions. This shift interferes with the ability
magnetic core. This core has a gap of to distinguish clock from data, and is the limit-

in the coil magnetizes the media as it
passes under the gap. Since the floppy disk is a disk, the density

changes from inner to outer tracks. Density is

boundaries, and the read system must oper-

non-magnetic material which is brought ing factor on capacity Of course, single density
floppy disks are operated at the practical maxi-into contact with the media (Or very

near in flying head hard disks.) Current mum capacity for FM recording

The coil responds to a change in the mag- highest at track 76 and lowest at track 00 At
netic flux of the media. This is accom- high density the output level is lowest, and peak

plished by moving the media In addition shift is greatest At low density the output
to motion, change in the magnetic field stays near zero for relatively long periods,
from the disk is required to produce an producing inflection points that with the addition

output In other words, the read head of noise could be erroneously detected as peaks

can only detect where transitions in po- Density ranges from 6400 transitions per inch

larity occur Therefore, the information near track 76 to 3600 transitions per inch near
track 00.must be encoded in the location of the

Peak shift has two causes. The first, due to
ate by locating these boundaries This

Pulses which are close tend to move away from
each other when bounded by pulses which are not

The simplest code is to write a transition by precompensation. The second effect is asym-

1s done by detecting the peaks of the density effects, causes peaks to shift apart
read signal.

so close. In FM or MFM this effect can be as
Self Clocking Codes

great as 300 ns. This effect can be compensated

for each one, and no transition for each metry, which is due to poor write circuits, poor
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read circuits, or poor head design. Read
and write circuits can be made essentially
symmetrical, but heads can be expected to
produce + 100 ns of asymmetry.

In order for a code to be more efficientit must reduce the transition rate to pass
data from two transitions per bit, while
at the same time clock informa-
tion. Three codes; MCFM, and 4 for 5
GCR have been successfully used to double
the capacity of floppy disk drives. This
has been done at little hardware cost and
with good reliability.
Modified Frequency Modulation (MFM)

MFM is the oldest of these codes. MFM
adds a clock to NRZ, much like in FM.
However, the clocks are only added between
successive zeroes. Since the highest fre-
quency in FM occurs when clocks are insert-
ed between successive ones, the maximum
transition rate is half that of FM for the
same data rate. The minimum frequency in
MFM would be half the frequency for FM at
the same data rate. Therefore, doubling
the data rate would not increase the tran-
sition rate over FM.

Although MFM data at 500 KHz requires no
higher transition rate than FM at 250 KHz,
the time window for determining if a tran-
sition is clock or data is half that of
FM. The practical window is the theoreti-
cal window minus the peak shift effects
and speed variation. The theoretical win-
dow for MFM is 1 us peak to peak. Peakshift can be 600 ns peak to peak due to
pulse crowding, plus 200 peak to peak due
to asymmetry. This leaves 200 ns. Speedvariation can take another 50 ns, another
50 ns for the ability of the phase locked
loop to track the data, another 10 ns for
vaiations in logic delays, another 40 nsfor noise; and the window has gone to zerofor MFM--although FM at half the data ratestill has 1 us to spare.

Practical MFM systems use some form of
write precompensation to reduce the effectof peak shift. Practical margins of + 100
ns are obtained in this manner. Error
rates far less than 1 soft read error in
109 bits have been demonstrated. However,
systems using MFM are more susceptible to
problems from system noise, dirty heads,worn diskettes, and speed variations that
FM systems.

MFM recording, in fact all of the double
density codes to be considered, must be
synchronized with a phased locked loop.This is because some of the clock pulses

are missing. FM, of course, can be synchronized
with a one shot. However, a phased locked loop
gives demonstrably better data reliability.
Modified Modified Frequency Modulation (M2FM)

In order to improye the margins of MFM it was
modified; hence M°FM. The modification was to
add clock pulses between successive zeroes onlyif -a clock was not inserted between the previous
successive zeroes. In this manner a clock pulseis never crowded. However, the longest time be-
tween pulses has increased to 5 us for a 500 KHz
data rate.

Since the clock pulses are not crowded, peakshift on clock pulses will be Tess than on data
pulses. The decoding window can be widened for
data and narrowed for clock. This will increase
the margin by the amount the window is skewed.
Use of write precompensation distorts this. With
the write precompensation used at PerSci, it was
found that M2FM worked best with a symmetrical
window and worked as well but no better than MFM.
The longer time between pulses would appear to
make MFM more susceptible to noise at outside
tracks, but this has not been a practical problem.

Group Controlled Recording (GCR)

The third method of doubling diskette capacity
through a code is 4 for 5 GCR. This approaches
the problem from.an entirely different perspec-tive.
If five bits of code are used to encode four bitsof data, then those patterns containing long
strings of successive zeros may be eliminated.
Practical codes having no more than two successive
zeros are in use on floppy disk drives and on
tape. The code bits occur at 1.25 times the datarate, hence this is a 1.25 transition per bit
code instead of a one transition per bit code.

The minimum time between transitions in GCR is1.6 us, the maximum is 4.8 us. GCR code is not
quite as bad as M2FM for shouldering effects attrack 00. Peak shift due to pulse crowding is
worse than MFM or MFM since pulses only 1.6 us
apart are bounded by pulses 4.8 us apart. How-
ever, the ideal window is 1.6 us wide, so GCR is
much more tolerant of peak shift. Practical win-
dows of 400 ns have been achieved without write
precompensation. With write precompensation this
improves to 600 ns.

Write Precompensation

Write precompensation consists of examining datato be written and shifting the transition in timein a direction to compensate for expected peakshift. The precompensation may be made as elab-orate as the controller designer desires. The
more accurate the compensation the better the
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timing margins.

PerSci recommends compensating six patterns
of encoded MFM or M2@FM. Four of the pat-
terns require 300 ns of compensation, and
two of the patterns require 100 ns.

Encoding GCR simply requires grouping
data into 4 bit "nibbles" and via a ROM,
matrix, or whatever, translating it into
corresponding 5 bit code groups. De-
coding consists of translating the code
groups into corresponding data nibbles.
A code group, usually al] ones, is re-
served for synchronization.

Summary

Double density recording can be reliably
accomplished with all of these techniques.
The final choice of which is to be used
in a system is usually decided by such
factors as desirability of interchange
with company X, who is using one of the
methods already; availability of an off
the shelf controller; availability of
LSI controller chips; or such factors
as management prejudice and customer pre-
ference.

Although all of the techniques work,
drives and diskettes must be maintained
cleaner and in better condition than with
FM, that most tolerant of codes.

TYPICAL 4 FOR 5 GCR ENCODING

DATA CODE

Sync Mark 1111
0000 17001
0001 11011
0010 10010
0011 10011
0100 11101
0101 10101
0110 10110
0111 10111
1000 11010
1001 01001
1010 01010
1011 o10i1
1100 11110
1101 01101
1110 01110
WW 01711
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COMPARISON OF NRZ, FM, MFM, AND MCFM

DATA 1 0 } ] 0 ]

1 1 ]NRZ

1 ] ] ] 1 ] ] 1 1FM

1 ] 1MFM

] ]M2FM

1 0 ] 0 ] 1 0 0 0DATA

] ] ] } ] } 1MFM

] ] 7 ] J 1M2FM

1 0 0 0 ] 0 0 0 0 0 0DATA

1 7 1 ] } 1 ]MFM

1 ] 7 ] 1

WRITE PRECOMPENSATION

MFM or M2FM

Precompensation Encoded MFM/M2FM

Required Bit Being Compensated
300 nsec to right 0001010
300 nsec to right 0001001
100 nsec to right 1001010
300 nsec to left 0701000
300 nsec to left 1001000
100 nsec to left 0101001
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5 VOLT EPROMS

HOW TO USE THEM IN YOUR MICROPROCESSOR SYSTEM

Bob Greene
Application Manager

Special Products Division
Intel Corporation

3065 Bowers Avenue, Santa Clara, CA 95051

SUMMARY

This paper discusses how a family of preferring to minimize inventory levels and
EPROMs and ROMs can be used efficiently utilize standard designs that can be cus-
with microprocessor systems. The evo- tomized for final equipment configurations,
lution of the various pinouts is dis- but they always want the capability to do so
cussed to provide a common frame of if desired.
reference which leads directly to the
impact of this family of devices on In addition, over the past few years,
system architecture. Particular the development of microprocessors has been
emphasis is placed on the pitfalls of intimately entwined with both ROMs and EPROMs.
bus contention and the microprocessor/
memory interface. Finally, an actual The 1702A and its ROM counterpart, the
printed circuit board layout which 1302, were completely adequate to support the
embodies all the concepts of the requirements of the 4004 series of micro-
paper is presented. processors. In order to support the 5 volt,

3mhz 8085A and 5mhz 8086, it is desirable to
PINOUT EVOLUTION use a compatible device such as the Intel

As EPROM/ROM technology has evolved, 5 volt 2716, whose 450ns access time is
there are often periods of confusion over compatible with the microprocessor require-
EPROM and ROM pinouts, as ROM density ments. Some high performance versions of
usually leads EPROM density by a factor these processors may require selected
of two, but ultimately users want any versions of the 2716 (such as the 2716-1 with
given EPROM to have a ROM compatible tacc = 360ns, or the 2716-2, with tqc,=390ns)
part. As we have seen, after the 2716 depending on the actual system configuration.
16K EPROM was introduced, a new ROM

pinout emerged and "triumphed" over Summarizing these events since the
an earlier "standard". The reason introduction of the Intel 1702A, which was
this ROM pinout change occurred is that the first EPROM, we can postulate the follow-
as codes stabilize in user's systems ing hypothesis: at any point in time, the
and equipment, many users opt for the present EPROM determines the pinout for the
less expensive ROMs, which are mask next generation ROM. And, if the subsequent
programmable devices. At the same time, larger density EPROM is not ROM compatible,
users often use the highest available the ROM will change. Also, it can be seen
density ROM so they combine modular that ROMs and EPROMs must evolve along with
firmware and minimize device count. microprocessor developments - so memory
Of course, many users never do go to performance does not limit system performance.
the ROM stage with their equipment,
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The devices which are discussed in

this paper represent an extention of the
5 volt compatible family to 32K bit and

64K bit densities, while improving per-
formance as discussed above. It also
follows that the pinout for the 32K

devices must be derived from the 2716

in order to maintain socket compatibility.
This 16K to 32K pinout evolution is
shown in Figure 1.

fom Rom row nom
+

Figure 1. 16K (2716) EPROM Determines
32K (2332) ROM Pinout

SYSTEM ARCHITECTURE

As higher performance microprocessors
have become available, the architecture of

microprocessor systems has been evolving,
again placing demands on memory. For many

years, system designers have been plagued
with the problem of bus contention when

connecting multiple memories to a conmon

data bus. There have been various schemes

for avoiding the problem, but device
manufacturers have been unable to design
internal circuits that would guarantee
that one memory device would be "off"
the bus before another device was selected.
With small memories (512x8 and 1Kx8),
jt has been traditional to connect all the

system address lines together and utilize
the difference between tace and too to

perform a decode to select the correct
device (as shown in Figure 2).
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Figure 2. Single Control Line Architecture

With the 1702A, the chip select to output
delay was only 100ns shorter than the address

time; or to state it another way, the tacc
time was 1000ns while the too time was 900ns.

The 1702A tacc performance of 1000ns was suit-
able for the 4004 series microprocessors,
but the 8080 processor required that the

corresponding numbers be reduced to tacc=450ns
and tco 120ns. This allowed a substantial
improvement in performance over the 4004

series of microprocessors, but placed a sub-

stantial burden on the memory. The 2708 was

developed to be compatible with the 808 both

in access time and power supply requirements.
A portion of each 8080 machine cycle time had

to be devoted to the architecture of the

system decoding scheme used. This devoted

portion of the machine cycle included the

time required for the system controller (8224)
to perform its function before the actual
decode process could begin.

Let's pause here and examine the actual

decode scheme that was used so we can under~

stand how the control functions that a memory

device requires are related to system archi-
tecture.

0 Foe
23322716 :

The 2708 can be used to illustrate the

problem of having a single control line. The

2708 has only one read control function, chip
select (CS), which is very fast (toq=120ns)
with respect to the overall access time

(tacc=450ns ) of the 2708. It is this time

difference (330ns) that is used to perform

the decode function, as iliustrated in
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2708 =1 2708

Figure 3. The scheme works well and does
not limit system performance, but it does
lead to the possiblity of bus contention.

ON oR OFF

BUS CONTENTION

There are actually two problems with
the scheme described in the previous
section. First, if one device in a mul-
tiple memory system has a relatively long
deselect time, and a relatively fast de-
coder is used, it would be possible to
have another device selected at the same

time. If the two devices thus selected
were reading opposite data; that is,
device number reading a HIGH and device
number two reading a LOW, the output
transistors of the two memory devices
would effectively produce a short
circuit, as Figure 4 illustrates.
In this case, the current path is from

Vee on device number one to GND on device
number two. This current is limited only
by the "on" impedance of the MOS output
transistors and can reach levels in
excess of 200mA per device. If the MOS

transistors have a lot of "extra" margin,
the current is usually not destructive;
however, an instantaneous load of 400mA
can produce "glitches" on the Voc
supply-glitches large enough to cause
standard TTL devices to drop bits or
otherwise malfunction, thus causing
incorrect address decode or generation.

OFF ON

AODAESS

cs

DATA OUT

Figure 3. Single Line Control Architecture
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i

DATA
BUS

Figure 4. Results of Improper Timing when OR Tying
Multiple Memories

The second problem with a single control
As previously

mentioned, there is only one control function
available on the 2708 and any decoding scheme
must use it out of necessity. In addition,
any inadvertent changes in the state of the
high order address lines that are inputs to
the decoder will cause a change in the
device that is selected. The results is the
same as before-bus contention, only from a

different source. The deselected device
cannot get "off" the bus before the selected
one is

Tine scheme is more subtle.

"on" the bus as the addresses rapidly
change state. One approach to solving this
problem would be to design (and specify as a
maximum) devices with tor time less than too
time, thereby assuring that if one device is
selected while another is simultaneously
being deselected there would be some small
(20ns) margin. Even with this solution, the
user would not be protected from devices
which have very fast too times (tog is
specified as a maximum).

The only sure solution appears to be the
use of an external bus driver/transceiver that
has an independent enable function. Then that
function, not the "device selecting function, "
or addresses, could control the flow of data
"on" or "off" the bus, and any contention
problems would be confined to a particular
card or area of a large card. In fact, many
systems are implemented that way - the use
of bus drivers is not at all uncommon in

tacc

DECODE
TIME
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large systems where the drive require-
ments of long, highly capacitive inter-
connecting lines must be taken into
consideration - it also may be the
reason why more system designers were not
aware of the bus contention problem unti]
they took a previously large (multicard)
system and, using an advanced micro-
processor and higher density memory devices,
combined them all on one card, thereby
eliminating the requirement for the
bus drivers, but experiencing the

problem of bus contention as described
above,

JHE MICROPROCESSOR/MEMORY INTERFACE

From the foregoingdiscussion, it
becomes clear that some new concepts, both

with regard to architecture and performance
are required. A new generation of two

control line EPROM devices is called for
with general requirements as listed below:

]. Complete ROM and pin and
function compatibility.

2. A power control function that
allows the device to enter a

low-power standby mode when

deselected. This function
can be used as the primary
device selecting function,
independant out of the

output control.
3. Capability to control the data

"on" and "off" the system bus,

independent of the device

selecting function identified
above.

4, Access time compatible with
the high performance micro-

processors that are currently
available.

that is required to implement the two line

shown in the form of a timing diagram
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Now let's examine the system architecture

control and prevent bus contention. This is

(Figure 6). As before, addresses are used to
generate the unique device selecting function,
but a separate and independent Output Enable
(OE) control is now used to gate data "on"
and "off" the system data bus. With this
scheme, bus contention is completely elimi-
nated as the processor determines the time

during which data must be present on the bus

and then releases the bus by way of the Output
Enable line, thus freeing the bus for use

by other devices, either memories or peri-
pheral devices. This type of architecture
can be easily accomplished if the memory

devices have two control functions, and

the system is implemented according to the
block diagram shown in Figure 6. It differs
from the previous block diagram (shown in

Figure 2) in that the control bus, which is
connected to all memory Output Enable pins,
provides separate and independent control over
the data bus. In this way, the microprocessor
is always in control of the system; while in
the previous system, the microprocessor
passed control to the particular memory

device and then waited for data to become

available. Another way to look at it is,
with a single control line the microprocessor/

memory communications. By using two control

lines, the memory is synchronized to the

processor.

ADDRESS

roan
at

EPROM
OM

eprom EPROM!
rom Rom ROM

2

OE; CEy OED CEg 0&3

ATA,

Figure 6. Two Control Line Architecture
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TERMINOLOGY

Some of the terminology applied to the
functions of the Intel 5 volt compatible
family may be confusing or unfamiliar to
many EPROM/ROM users, so the various terms
are defined here. Actually, the nomenclature
was developed by various standards groups and

is reiterated here to avoid confusion as we

begin a detailed discussion of the devices
themselves.

First of all, Chip Enable (CE) must be

defined, as it is the primary device selection
pin. By agreed standards, that function which
substantially affects power dissipation is
called CE. Any memory device that has a CE
function has both an active and standby power
level associated with it.

Output Enable (OE) is the signal that
controls the output. The fundamental purpose
of OE is to provide a completely separate
means of controlling the output buffer of the
memory device, thereby eliminating bus
contention.

THE NEW INTEL FAMILY

Figure 7 shows the new Intel 5 volt
compatible family of EPROMs and ROMs. In
order to take advantage of the modular
compatibility offered by the family, the
functional compatibility of device pins 18,
19 and 21 must be understood. (Shaded
area in Figure 7.)

First, we must examine the compatibility
of the two oldest EPROM members of the 5 volt
family - the 8K (2758) and the 16K (2716).

Pin 21 (Vpp) is normally connected to
Vee for ready only applications of both
devices, and pin 19 is either at GND (Vi)for the 8K 2758 or connected to Axo for the
16K 2716. Further details on either of these
devices can be found in Section 9 of the 1977

270

Edition of the Intel Memory Design Handbook,
or Section 4 of the 1978 Intel Data Catalog.

The 32K (4Kx8) devices, which have iden-
tical pinouts for both the ROM and EPROM,

will now be discussed. Pin 18 is CE. Pin
19 is Ayo» while pin 20 is OE. As was

pointed out before, Output Enable is the
function which allows independent control
of the data "on" and "off" the output bus.
As Figure 7 indicates, Vpp (the programming
voltage for the 2732 EPROM) is now multi-
plexed with OE on pin 20. Pin 21 becomes

Ayy> which is the additional address bit that
is required as the density increases from
16K to 32K.

Pin 21 is the only pin that requires any
special consideration when designing a system
to accept the 8K, the 16K, or the 32K device.
With the 8K and the 16K devices, pin 21 must
be connected to v while with the 32K and

higher density devices, it must be connected
to Ay) This is easily accomplished by
making sure the printed circuit trace links
all pin 21s together as though they were an
address line and allowing for a jumper that
will connect pin 21 to either Vee or Ay, at
the edge of the array (this technique can be
seen in the "Printed Circuit Board Design"
section and (Figure 8). Connecting the
pin 21s together in this manner is acceptable
as the read current requirement for Vpp is
4mA maximum per device - low enough to be
handled by a signal trace, but too high for
an address drive to provide directly.

cc?

The highest density member of the family
is a 64K ROM which is also shown in Figure 7.
In order to maintain total compatibility, it
is packaged in a standard 28-pin package.

It may seem as though the 28 pin package
is not compatible with the rest of the
family, but referring again to Figure 7,
note that the lower 24 pins are identical
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to the 24 pin 8K, I6K and 32K devices.
To allow for total compatibility within the
family, printed circuit boards must be

laid out to accommodate 28 pin sites; a jumper
must be included to accommodate pin 21 as
shown in Figure 8, and when using 64K

devices, CS, (Pin 26) must be mask coded

active high. This compatibility can also
be seen graphically in Figure 9. The upper
portion of the figure shows how 24 pin
devices are used in the 28 pin site. The

two control lines (CE and OF) remain

unchanged as discussed earlier, and Ayo»
the next address bit required for a 64K bit
device, is connected to pin 2 of the 28 pin
site. The lower portion of the figure
illustrates the use of 28 pin devices.
Address bit Ayo is already connected to
the right pin, and the chip selects (CS,
and cS)
power distribution grid. This configura-
tion would require that both cS, and cs

be coded active high.

are connected to the Voc

In some systems, additional logic may

be used to implement a "special" decode of

CS, to allow for ROM to overlap RAM when

a system bootstrap program is being loaded;
that additional logic should be implemented
with CS3 CSo should be coded active high
in order to preserve total compatibility.

To summarize, the selection of a 28

pin package for 64K devices has several
benefits of importance to present and

future system designs:

1. Two line control philosophy
(separate CE and OE functions)
is preserved at the 64K level.

64K EPROM compatibility is
allowed for by maintaining a pin
for the Vpp function.

The next generation (128K bit
ROM) must be in a 28 pin

package.
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If CS,
active high and connected to Vee and the

(pin 26) is mask coded to be

jumper provision for pin 21 is included on

the card as described above, any member of
the family can be plugged into the same

socket - 1K, 2K, 4K or 8K bytes - without
any card modification or redesign. In

additional, future devices of higher density
will fit in the same pinout.

PRINTED CIRCUIT BOARD DESIGN

The loc waveform for the 2332 and the
2364 is shown in Figure 10. The supply
current, Toes has three segments that are of
concern to the system designer - the standby
level, active level and the transient peaks
that are produced on the rising and falling
edges of Chip Enable. The transient currents
must be suppressed by properly selected
decoupling capacitors. High quality, high
frequency ceramic capacitors of small

physical size with low inherent inductance
should be used. In addition, bulk decoupling
must be provided, usually near where the

power supply is connected to the array. The

purpose of the bulk decoupling is to over-
come the voltage droop caused by the

inductive effects of the PC board traces.
Eletrolytic or tantlum capacitors are
suitable for bulk decoupling. The following
capacitance values and locations are

recommended for the 2332 and 2364:

2

1. A 0.luF ceramic capacitor
between Voc and GND at
every other device.

A 4.7uF electrolytic capacitor
between Vee and GND for each

eight devices.

2.

A printed circuit board layout for a

total array of 16 devices is shown in

Figure 11. This printed circuit layout
incorporates a power supply distribution
system such that the power supply and ground

traces on the PC board are gridded both

2.

3.
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Figure 7. 5 Volt EPROM/ROM Compatible Family

2

and C). Pad B is connected to Pin 21 of all
devices in the array; pad A should be

connected to the Ady address driver and pad
C is connected to Vee For use with 32K bit32K Bit Density and Higher

or larger devices, a jumper must be installed
between pads A and B; for use with the 2716

(16K) or the 2758 (8K), the jumper must be

installed between Pads B and C.

vec

a a a

A full size (2x) artwork film is
included on the last page of this paper. The
entire array, or segments of it can be photo-
graphed and used directly as part of a system
board.

8K and 16K Density Devices

Figure 8, Pin 21 Connections for Various Density Devices

vertically and horizontally at each memory
device; this technique minimizes the
power distribution system impedance and
enhances the effect of the decoupling
capacitors. Provisions are included for
all address inputs, output enable inputs,
data outputs and decoded chip enable inputs.
The 0.luF capacitors referred to above are
included for every other device (indicated
by the legend C2) while the bulk decoupling
capacitor is shown at the upper left-hand
corner (indicated by the legend C1).
The layout consists of four rows of four
28 pin device sites each and embodies all
of the concepts explained above. Note
that pins 28, 27, and 26 are all connected
to Vee This requires that when ordering
mask programmed 2364 64K ROM, the order
must specify that cS, and CS, be coded
active HIGH. The single jumper pro-
vision discussed in the previous section
is also included at the upper lefthand
corner of the array (indicated by A, B,

View

60
t= 100ns/DIV

tec 40 100ns/DIV

(mA) 20

0

Figure 10. Typical lec Current vs Time
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September 20, 1978

A CBBS MANUAL
Dave Caulkins

Introduction
Early in 1978 two CACHE members (Ward Christensen and Rand Suess) developedthe Community Bulletin Board System (CBBS). The CBBS is an electronic mail
system; users can enter messages, read previously entered messages, review
messages summaries, etc. Anyone equipped with a 110 or 300 baud modemattached to a terminal or computer can access a CBBS using an ordinary voice
telephone line. The CBBS provides extensive HELP messages and prompts forthe inexperienced user, but even with these aids it is easy to miss usefulfeatures or forget how to do things. This manual is entended to provide a
comprehensive hardcopy reference to CBBS functions.At present (August of 1978) there are four CBBS in operation:

Phone NumberCity Operating days/hours
Atlanta, GA 404-458-4886 7 days/week, evenings
Chicago, T1l 312-528-7141 7 days/week, 24 Hrs/daySan Diego, CA 714-565-0961 7 days/week, 24 Hrs/daySanta Clara, CA 408-246-2805 7 days/week, 24 Hrs/day
This manual is intended for use with the Santa Clara CBBS; features of
other CBBSs may differ from those described here. The best way to learn
about CBBS operation is to try one; call one of the above numbers with any
110 or 300 baud terminal or computer. When the connection is made send
several CARRIAGE RETURN characters; from these the CBBS will figure out
character rate and start transmitting the welcome message.
All CBBS message reference functions (Enter, Retrieve, Summary, Etc.) use
the message number assigned to each message on entry. The message number
is separated from the function character by ";". This delimiter character
can be used to form strings of command functions, suppressing HELP messages
and speeding up CBBS functioning.
Top Level Functions
The CBBS has a series of functions (or commands); each invoked by typing a
single alphabetic character. They divide into three general classes;
1. Introductory Information And System Parameter SettingB.- Print bulletins (a bulletin is a general message printed

automatically upon accessing the system). The B function allows
repeating the bulletins in case information was missed when they were
printed on system entry.
C-= Case Switch. Charges the CBBS from the default value of uppercase-
only to upper/lower case. Successive entries of C will cause the case
switch to alternate between the two values. fhe other switches discussed
below (D and P) operate similarly.

Changes the CBBS from the default value of fullD - Duplex Switch.
duplex (CBBS echoes each received character) to half duplex (CBBS
transmits only the characters it originates).
G - Goodbye. Exits the user from the CBBS and terminated the telephone
connection.

Provides detailed information about CBBS functions.H - Help. Inserts 1-9 nulls after each carriage return to allow forN - Nulis.
mechanical devices which may have slow carriage return operation.
P - Bell Switch. Changes the CBBS from the default value of trans-
mitting the conrol-G character (BEL) to the value for not transmitting
it.
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W - Welcome Message. The welcome message is the first thing printed
The W function allows repeating the welcome messageafter system entry.

in case information was missed on first presentation.
X - Expert Mode. The prompt messages are shortened, speeding up system
operation.

2. Message Entry and Retrieval
E - Enter A Message. This function assigns the next sequential message
number and guides the user through the steps necessary for entering a

The user is60 character-per-line message with a maximum of 16 lines.
asked for the date, the name of the person the message is for, the
subject and finally the text of the message. This function is covered
is covered in more detail below.
K - Kill a Message. This function allows the user to erase messages
that are no longer current.
R - Retrieve A Message. Upon receipt of the message number the CBBS
transmits to the user the entire text of the message.

3. Message Summaries (covered in more detail below)
S - Summarize Messages. Starting with the message number given, the
CBBS transmits the message number, date, sender, recipient and subject
of all messages with numbers equal to or larger than the given message
number. As discussed below the § function can also be used to initiate
string searches of the date, to, from, or subject fields of messages.
Q - Quick Summary. Starting with the message number given, the CBBS
transmits the message number and subject of all messages with numbers
equal to or larger than the given message number.

Control Characters
The CBBS accepts a number of control characters that can be used at any
time to alter CBBS operation. These are:

DEL/RUBOUT - Erases (and echoes) the last character sent to the CBBS.
CTL-C - Cancels the current printing. This may be used to abort the

printing of unwanted bulletins, etc.
CTL-K 'Kills' the current function and returns to the menu of toplevel functions.
CTL-N Sends 5 nulls after each carriage return to accomodate devices

with slow carriage return.
CTL-R Transmits to the user the characters entered after the previous

carriage return. This can be done as many times as desired
during the printing of a line, before or after DEL has been used.It is particularly useful when a noisy telephone line is en-
countered.

CTL-S Stops (or restarts) CBBS transmission of characters. Useful
with video terminals to 'freeze' a screen full of data for
leisurely examination.

CTL-U Erases the current input line,
Complex Functions
The Enter and Summary functions are rather more complex than other CBBSfunctions. I will cover them in some detail.Enter:
When the E is sent to the CBBS to intiate the Enter function the CBBS
responds;
WHAT IS THE DATE, PLEASE (MM/DD/YY) ?
The user sends the date.IF THIS MESSAGE IF FOR EVERYONE, ENTER: ALL
WHO IS THIS MESSAGE TO (20 Chars Max.)?
The user sends 'all'; or the name of the recipient.MESSAGE SUBJECT (30 chars max) ?
The user sends the subject of the message.
WHAT TO BE ABLE TO ERASE THIS MSG LATER?If the user wants to be able to erase this message he sends 'Y' otherwise'n', It is almost always good practice to send the 'y!
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ENTER 4 CHAR PASSWORD (C/R FOR NONE) ?If the user wishes to prevent erasure of the message by anyone excepthimself or the system operators, he enters a 4 character password which
anyone can erase the message, he sends a carriage return. Use of thecarriage return provides a convenient 'return receipt' mode of operation:put the phrase 'kill this when you've read it' in your message; when the
message vanishes you know it has been read and killed by the recipient.Y/N: REVIEW STEPS TO ENTER A MESSAGE: ?Tf 'Y' is sent by the user HELP information about the Enter function istransmitted to the user. If 'N' is sent the CBBS continues:ENTER THE LINES. 60 CHAR/LINE MAX. BELL RINGS AT 55

WHEN DONE, ENTER A BLANK LINE (C/R ALONE)
TO ABORT, ENTER ABORT

will be required subsequently to erase the message via the 'K' function. If

01?
After each line number (automatically generated by the CBBS) to user sends
up to 60 characters of the message. At any point CTRL-R can be used tocause the CBBS to transmit back to the user the contents of the line enteredthus far.
Similarly DEL/RUBOUT echoes the previous character sent by the user and
removes it. A carriage return terminates the line, causing the CBBS to
generate the next line number and wait for the text of the next line.
The message can consist of up to 16 lines.
To terminate message entry, type a carriage return in response to the line
number transmitted by the CBBS. It will respond with:
ENTER LETTER FOR FUNCTION:
A=ABORT, C=CONTINUE INPUT, E=EDIT, H=HELP, L=LIST, R=RETYPE LINE, S=SAVE~-~-
(DO THIS WHEN YOU HAVE FINISHED) A, C, E, H, L, R, S: ?
These sub-functions operate as follows:
ABORT - Allows entry of a new CBBS function; message text is erased.
CONTINUE - Returns to message entry mode, starting with the next line

number.
EDIT - Permits string replacement in the message text.
HELP - Transmits help information.
LIST - Lists the message text from the indicated line number. To list the

whole message, send
RETYPE LINE - Retype the indicated line.
SAVE - Stores the message on the disk; when this is done allows entry of a

new CBBS function.
Summary;
A summary of messages in the CBBS can be gotten by sending 'S;' followed by
the message number where message summaries are to start. The system will
transmit the message number, size (no. of lines), Date, From, To, and Subjectfields of each message from the selected message number to the most recent
A quick summary can be gotten by sending 'Q;' followed by the starting
message number. In this case only the message number and subject fields
message.

Summaries can also be retrieved selectively on the basis of string searchesare printed.
of the Date, From, To or Subject fields.
String Search Examples:
$;2,D=2/13/78
Any messages subsequent to 1 entered on 2/13/78

Any messages subsequent to 48 from someone whose name contains the stringS;49,F=Ward
'ward'

Any messages subsequent to 12 to someone whose name contains the string
'suess'
$;13,T=Suess

Any messages subsequent to 22 with the string 'CBBS' in their subjects.S;23,S=CBBS
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APPENDIX A
CBBS Function Characters

Alphabetic Listing
"Char Top Function Function Description

level
(Y/N)

After entry of a message, theA N Enter Abort
A sub-function causes entry
of the message to be aborted.

Bulletin Prints the bulletins.
Changes from upper case onlyCase switch to upper/lower case, or
changes back again.

N Enter Continue After message entry has been
concluded allows entry of
more lines.

CTL-C Any As with all control chars,
can be invoked at any time.
Cancels current printing.
Erases last char sent to CBBSDEL Any and echoes it.

D Y Duplex switch Changes from full duplex
mode to half duplex, or
changes back again.

D Summary Date search Performs a string search on
the DATE field of message.

Y Enter Enter a message.
Enter Edit After entry of a message the

E sub-function can be used to
replace old strings with new
ones.

F N FROM search Performs a string search onSummary the FROM field of messages.
G Y Goodbye Exits from CBBS, accepts

comments, terminates phone
connection.

a Y Provides detailed informationHelp
on CBBS functions.

y Kill message Erases a previously entered
message. If a password was
used on msg. entry it will be
required to erase the msg.

CTL-K Any 'Kills' current function and
returns to 'menu' of toplevel functions.

L N Enter List Lists the lines of the
entered message, startingwith the given line number.
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Char Top Function Sub-Functionlevel Description
(Y/N)

N Y Nulls Inserts 0-9 nulls after
carriage return to
accomodate devices with slowcarriage return.

CTL-N Any Similar to N; inserts 5nulls after CR.
P Y Bell switch Enables (or disables)transmission of BELcharacter (CTRL-G).
Q Y Quick summary Prints the subject fieldonly for all messages with

numbers equal to or largerthan the given messagenumber.
R Y Retrieve Retrieves and transmits the

message entire text associatedwith the given messagenumber.
R N Enter Retype lines Retypes the indicated lineof the entered message.
CTL-R Any Transmits to the user thecharacters entered after

the previous carriagereturn.
S Y Summary Starting with the given

message #, the CBBS transmits
the message number, date,sender, recipient ana
subject of all subsequent
messages.

Summary Subject search Preforms a string search on
the SUBJECT field of
messages,

CTL-S Any Stop/start CBBS output.
N Summary To search Preforms a string search on

the TO fields of messages.
CTL-U Any Erase current input line.
WwW Y Transmits the welcomeWelcome

message.
Invokes expert user mode;Expert
prompts are. shortened,
speeding up system operation.

279 78 Nov 3-5 Los Angeles, Cal.3RD WEST COAST COMPUTER FAIRE



APPENDIX B
An actual CBBS session

#1 TERMINAL NEED NULLS? TYPE CTL-N WHILE THIS TYPES:

WELCOME TO THE SANTA CLARA CO. PCNET

COMPUTERIZED BULLETIN BOARD SYSTEM

CONTROL CHARACTERS ACCEPTED BY THIS SYSTEM:

DEL/RUBOUT ERASES LAST CHAR. TYPED (AND ECHOS IT)
cTL-C CANCEL CURRENT PRINTING

INCLUDING THIS WELCOME MSG
AND THE BULLETINS THAT FOLLOW.

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

CBBS SYSTEMS IN USA

CBBS SAN DIEGO 714-565-0961
CBBS SANTA CLARA 408-246-2805
CBBS CHICAGO 312-528-7141
CBBS ATLANTA 404-458-4886

NEW REV 4 D. C HAYES ON LINE 9-SEP-78. PLEASE LEAVE COMMENTS

MESSAGES PACKED 10-SEP-78 MSG 443 BECAME MSG 299

A NEW CBBS, CBBS SAN DIEGO, BEGINS 24HR OPERATION 27-AUG-78
PHONE 714-565-0961

THIS CBBS WAS CREATED BY WARD CHRISTENSEN
AND RANDY SUESS OF CACHE. THEY ARE OPERATING
THE FIRST CBBS IN CHICAGO: ITS NUMBER IS
312-528-7141,
THE EQUIPMENT FOR THIS SANTA CLARA CBBS WAS
DONATED BY JIM WARREN & BILL GODBOUT.

Y/N: IS THIS YOUR FIRST TIME ON THE SYSTEM?N
WHAT IS YOUR FIRST NAME?DAVE
WHAT IS YOUR LAST NAME?CAULKINS

HELLO DAVE CAULKINS
HAVE I MISSPELLED YOUR NAME?N

LOGGING NAME TO DISK...
NEXT MSG # WILL BE 336
YOU ARE CALLER 869

FUNCTION: B,C,D,E,G,H,K,N,P,Q,S,W (OR ? IF NOT KNOWN)
2c
LOWER/UPPER CASE MODE

FUNCTION: B,C,D,E,G,H,K,N,P,Q,R,S,W, (OR ? IF NOT KNOWN)
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?h
USE CTL-K TO ABORT THE HELP FUNCTION
HELP FILE last updated 8/14/78Want help in using the system's control characters?yThe control chars DEL/RUBOUT control-R, and control-U areused when keying in a line,
N, and S are used when the sytem is typing something to you.

Control characters CTL-C, K,
Want the DEL/RUBOUT, CTL-R & CTL-U explanation?yDEL (sometimes labled RUBOUT) is used to backspace whentyping, erasing the characters you typed. The system echos thecharacters back to you as it deletes them.Control-R retypes the input line back to you. Use itwhen you want to see what the line you are typing looks like,after having used DEL.

Control-U cancels the entire line being typed, allowingyou to start it over.
Want the CTL-C, K, N, and § explanation?yUse these when the system is typing something to you:

Control-C cancels what is being sent. Output resumesat the next information typed, or the next question, Useit when you know what the system is going to say/ask, orotherwise don't want to see more of what is being typed.Control-K kills the current function. It returns youto the function select menu, It may be typed alone as thefirst character on a line in input mode. If allowed, it willecho as: K and you must press return to have it takeeffect. If you sent K when you don't want it, cancel itwith a control-N which sets a flag in the computer telling it tosend 5 null characters at the beginning of each line output.Control-S suspends output until some other characteris typed. Use this if you have a video display, and wantto see something before it scrolls off the top of the screen,
Want help on the E (ENTER) function?y
The E (Enter) function is used to enter messages into the
system. A message is any information to be conveyed to

or more people. You may leave messages for a specific
person, or for seneral use. It consists of up to 16 lines,each line up to 60 characters. You may assign a passwordto be able to erase your own messages, Using the Enter
function, you key in your message just as if you were
simply typing it at a typewriter. The system will putline numbers at the front of each line (like a BASIC program).After the message has been keyed in, you can edit it (by
retyping any line), list it, save it, start over, or throwit away,
Want info on erasing your own messages?y
When you enter your message, you will be asked if you want
to be able to erase it later. If you say no, then only the
system operators will be able to erase it. However, if you
say yes, then you have 2 options: 1) no password, which
means anyone can erase it (this will usually be sufficient);
2) leave a 4 char password, which means only the system
operators, you, or someone knowing this password can erase
the message. If you regularly send messages to a particular
person, you should both know a particular password, or
use none,
Want description of the Q/S (summary) functions?y
The S function prints a 2 line summary of each message in
the system, from a given starting message number. For example,if you have seen messages 1-20, you would ask for summaries

Note thatstarting with message 21, to see what is new.
control-C stops printing only the CURRENT entry. You must
use control-K to abort the summary function entirely.
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The Summary prints:
Message number
Number of lines in message
Date Created
From
To
Subject

The Q function provides a quick summary, (msg #, subject).
Want help about scanning summary for contentsy?y
When you ask for either summary printout, you must always give
a starting message number. However, you may ask that a field
in the summary header be scanned for a certain value.
For example, any subject containing 'FOR SALE', or any

To do so, follow the messagemessage from 'SYSTEM OPERATORS'.
number with a comma, the letter for the field to be scanned
(D=date, F=from, T=to, S=subject), an equal sign, then the
value to be scanned for. Example: 1,T=WARD (or) 1,S=MEETING
(or) 20,S=FOR SALE
Want description of R (retrieve) function?y
The retrieve function is used to retrieve 1 or more messages
from the system. You retrieve by message number (use the
S (summary) function to learn what messages you will want
to retrieve).
Want description of the G (good bye) function?y
Typing G when asked for the function, will set you off the
system. When. it does so, it will give you a chance to
leave comments about the system.
Want help about system sending nuils to your terminal?y
Certain terminals require nulls to be sent to them following
a carriage return/line feed, for instance the T.I. Silent
700 series, The 'n' command is used to set the number of
nulls, to any value from 0 to 9. However, if you need nulls,

While theyou would want to set them from the beginning.
system is typing, pressing control-N will cause the system
to send 5 nulls after each lifefeed. Press control-N
repeatedly if it doesn't work at first.
Want to know about B (bulletin) and W (welcome) ?y
When you first got onto the system, the systrm typed a
welcome message. It included some useful information
such as a brief summary of the control characters
accepted by this system. Then, if there were any bulletin
messages, they printed. If you missed them (used control-C}
or just want to see them again, command 'W' will retype
the welcome message, and command 'B; will retype the
bulletin if there is one.
Want to know about D function (system stop echoins to you) ?y
The D (for Duplex) function switches the system between
Full Duplex (which echoes what you type) and Half Duplex
(which doesn't echo what you type) mode. Some teletypes
and other devices print immediately when you press a key,
so you don't want the system to echo characters back to you.
Use the D function to switch to or from this mode.
Want to know how to use the system efficiently?y
1) Minimize connect time: only 1 phone into system.
2) Use control-C to cancel typing if you know what is

being typed or don't want to see more.
3) Use message summary retrieval to see what messages

you want to see. For example, if you have seen messages
1-20, ask for summaries starting at message 21.

4) USE THE QUICK SUMMARY TO SEE JUST SUBJECTS OF INTEREST.
5) If you plan on leaving a message, have it well thought out

6)
to minimize the 'compose' time while you are on the system.
Once you learn the questions being asked, answer
multiple questions in advance by separating you answers
with a semicolon (for example: s;1 or 1r;23;24;25).
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FUNCTION: B,C,D,E,G,H,K,N,P,Q,R,S,W, (OR ? IF NOT KNOWN)
USE CTL-K TO ABORT, CTL- TO SKIP, CTL-S TO PAUSE.
NO. SIZE --DATE-- FROM TO
207 05 08/10/78 CLAY RYDER LOWELL RYDERSUBJECT:WELCOME TO CBBS
243 15 08/21/78 CHRIS KOEB SYSTEM OPERATORSSUBJECT:CBBS IN PHX AZ.
257 11 08/26/78 STAN SKOGLUND ALLSUBJECT:CBBS/SAN DIEGO

NO. SIZE --DATE-- FROM TO
333 03 9/15/78 TERRY TODD SYSTEMS PEOPLESUBJECT :CBBS

-~---END OF SUMMARY----
FUNCTION: B,C,D,E,G,H,K,N,P,Q,R,S,W, (OR ? IF NOT KNOWN)?g7yI WILL NOW KEY THIS IN FOR YOU:

FROM: DAVE CAULKINS

ENTER YOUR COMMENTS. USE CONTROL-U TO CANCEL (IGNORE) A LINE,AND DEL OR CTL-H TO BACK UP (AND ECHO) A CHAR.
EACH LINE MAY BE UP TO 60 CHARS LONG (BELL SOUNDS AFTER 55)ENTER C/R ALONE TO END:?This was done with a DECWRITER and an/na/a DSM acoustic coupler;OK - C/R ALONE TO END:
?seems to work fine.
OK - C/R ALONE TO END:
? 12 Sept 78 1200 Tues
OK ~ C/R ALONE TO END:
?

CHARACTER COUNTS: 204 KEYED BY YOU, 11193 TYPED BY SYSTEM.
FROM THE PCNET:
THANKS FOR CALLING, DAVE

++END OF CONNECTION+

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 283 1978 November3-5 + t f los Angeles, California



The Personal Computer as a

Universal Cummunication's Terminal

By: Mark Cummings
ASSISTANT PROFESSOR
BROADCAST COMMUNICATION ARTS DEPARTMENT
SAN FRANCISCO STATE UNIVERSITY
1600 HOLLOWAY AVENUE
SAN FRANCISCO, CALIFORNIA 94132
(415) 469-1787
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CHARACTERISTICS OF UNIVERSAL HOME TERMINAL :

ALPHABETIC INPUT AND DISPLAY
Numeric Input AND DIspPLay

Cotor GraPHIc INpuT AND DISPLay
Motion Vipeo Input AND DISPLay
Aup1o INPUT AND OuTPUT

SoFT Copy STORAGE

Harp Copy OuTPuT

Access To ComMPuTING PoweR

Two WAY COMMUNICATION CAPABILITY:
~ AUDIO
- VIDEO
- DATA
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CURRENTLY AVAILABLE DEVICES THAT CAN BE

ARRANGED TO PROVIDE THE CAPABILITIES
OF A UNIVERSAL TERMINAL:

COLOR

CATV/OFF AIR @
TV

CATV VIDEO OUTPUT

FLOPPY
DISC

Joy STicKh COMPUTER =
CURSOR

PERSONAL
A/D

CONVERTER

CO
M
M
UN

I
CA

TI
O
N
S

VIDEO
CAMERA

CATV DATAO---7 RS 232 C DDS

oO MODEM

TOUCH TONE
TELEPHONE
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COST OF OUTLINED SYSTEM

RETAIL, SINGLE PURCHASE MarcH 1978

PERSONAL COMPUTER $ 1,000,
FLOPPY DISC $ 300.

A/D CONVERTER $ 125,

TV CAMERA $ 175,

RS232C COMMUNICATIONS,.,.$ 100,
INTERFACE

MODEM $ 100.
COLOR TV 98% OF HOMES IN

HAVE B&W SETS, 7
HAVE COLOR.

ToTaL Cost RETAIL SINGLE
PURCHASE $ 1,810.00

COST IF PACKAGED BY
$ 9ONE MANUFACTURER

COST DECLINE 20% / YEAR

COST IN FIVE YEARS 9

COST TO EDUCATIONAL
INSTITUTIONS IF
PURCHASED IN LARGE
QUANTITIES $ 9
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PUBLICATION IN SOFT COPY FORMATS OF:

-COMPUTER AIDED INSTRUCTION (cal)
-GAMES

-CULTURAL EVENTS

COLOR
TV BETAMAX

DATA
CASSETTE

PERSONAL FLOPPY
COMPUTER DISC
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BASIC SYSTEM

SATELLITE

STUDIO
VIDEO
TERMINAL J \

o EARTH EARTH
STUDENT STATION STATION
TERM NALS

MASTER
CONTROL

COMPUTER COMPUTERPHONE

PBX PBX

TELEPHONE LINES
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FULLY DEVELOPED SYSTEM

SATELLITE

TWO WAY EARTH EARTH
CATV SYSTEM STATION STATION

CATV CATV
HEADEND HEADEND

TWO WAY
CATV SYSTEM

COMPUTER COMPUTER

UNIVERSAL
TERMINAL

UNIVERSAL
TERMINAL

STUDENT
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POSSIBLE CONSEQUENCES FOR SOCIETY

* ECONOMIC

Democratization of information econany

50% of GNP in the information economy

POLITICAL

Potential for redistribution of power through change in access

to information

AESTHETIC

Impact on social paradigm, self image, relationship between man

ami his environment

* INSTITUTIONAL

Given the economics, the benefits, and the goals, what is the

optimal configuration of the next generation of mass communications?

= What structure of public and private institutions might lead to this

optimal outcome?
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COMPUTER HISTORY: THE EARLY COMPUTER ENVIRONMENT IN SOUTHERN CALIFORNIA

Speakers in this session: Paul Armer, Executive Director, Charles Babbage Institute
Professor Fred Gruenberger, Northridge State University
Professor Henry S. Tropp, Humboldt State University

For those individuals who have become involved in recent years in the Personal Computer
development, and equally, for those who have entered the computing environment in the
past decade, the parallels between current problems and the problems faced by the small
group of computer pioneers will be enlightening, fascinating, and entertaining. Although
now the size of the group involved numbers in many tens of thousands, as compared to a
group of people too small in number to need a room with the seating capacity of this room
at the Convention Center, many of the problems and bottlenecks of thirty years ago are
supprisingly similar.

Mr. Armer and Professor Gurenberger were both active participants during the evolution
of the digital computer and during its beginning applications in Southern California.
Professor Tropp has been active in doing research on computer history since 1971.

Professor Gruenberger address is entitled: "Must Personal Computing Repeat Every
Mistake Ever Made?" The title speaks for itself and requires no further elaboration of
its content of past blunders and unsolicited advice to current practitioners.

Mr. Armer will describe early gatherings of west coast pioneers and the evolution of
PACT, DCA, SHARE, the CPC, the IBM 701, etc.

Professor Tropp will deal with the general environment of this early period and briefly
discuss BINAC (predecessor of UNIVAC I), MADDIDA, the IBM 650, etc. and if time allows
he will also present material from Dr. Cuthbert Hurd's paper on how the IBM 701 came into
existence (Dr. Hurd was IBM's first Director of Applied Research) .

Time will be allowed for audience questions and discussion. Also, time permitting,
the speakers will discuss some of the current activities in computer history which may be
of interest to the audience, (A new Journal, The Annals of the H istory of Computing; the
Charles Babbage Institute, and AFIPS' History of Computing Committee).
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SECOND-SOURCING CPUS: EMULATION, ETHICS, AND ELECTRO-POLITICS

Chuck Hastings, 4890 Hamllton Avenue, San Jose, CA 95130

Abstract
In the traditional computer culture, CPUarchitectures and Instruction sets have been

regarded as property and CPU second-sourcinghas been considered immoral, not to mention
illegal and fattening. In the traditlonal
semiconductor culture, on the other hand,
nobody bought your fantastic new chip unlessat least one of your hungry competitors second=sourced it, and so second=sourcing became a
way of life.

A microprocessor is a CPU on a chip, and
microprocessors and microcomputers have
suddenly become big bustness. Henceinstant cultural collision! While semicon-ductor firms literally give each other masks
and process data In order to persuadereluctant competitors to second-source their
microprocessors, they get sued by mini computermanufacturers for "pirating'' and other lurid
alleged crimes whenever they pick a mint compu-ter architecture, rather than a microprocessorarchitecture, to emulate, Meanwhile, onanother front, there are at least a dozen firmsaround the world which now second=source the
1BM 370 line of computers, at some level of
"compatibility," and several Others are second-
sourcing various members of either the DEC
POP~1t family or the Data General Nova familyof minicomputers.

Is a manufacturer "stealing! tf he emu-lates another manufacturer's CPU architecturerather than originating one through his ownhonest toil? Or, on the other hand, Is he
engaged in a devious attempt to "lock n hiscustomers if he invents yet another whole newinstruction set or input/output interface
incompatible with those of any of his competi-tors? Is a user "trespassing! If he runssoftware obtained from manufacturer A on a
computer bought from manufacturer B who is
second~sourcing A's machines without A'sPermission? Traditional legal and ethicaltheories haven't always shed much II ght onIssues such as these.If you don't first ask the right questionsyou normally don't get the right answers.This paper attempts a fearless foray Into somepoorly mapped territory, asks some rather

questions, and concludes withseveral sweeping opinions. If you think youmight some day want to lay out some bread fora personal computer which emulates theinstruction set of some existing minicomputer,you'll need to know this territory, so read on.

: :

COMPUTER
ARCHITBETS TD,

woe a
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1... CPU ARCHITECTURES AND INSTRUCTION
SETS HAVE BEEN REGARDED AS PROPERTY

Property Riahts vs. Civil Riahts
The idea for this paper burst upon me

many years ago, when the regional sales
manager for one of the major mint computer
manufacturers solemnly assured me in answerto my routine question as to whether there was
a second source for his company's one=board
minicomputers that second-sourcing another
manufacturer's minicomputer was "immoral.!!
He was quite started when | let out a roar of
laughter and uncontrollably broke up for
several minutes. 1 was quite startled that
my reaction should have surprised him. We
then spent some time cautiously questioningeach other, clarifying what we meant, and
trying each to understand where the other was
coming from, as though we were from two totallydifferent cultures suddenly thrown intocollision -- and perhaps we were!

This man thought of a CPU architecture as
property. To duplicate this property -- evenin the broad sense of a reverse~engineeredemulation -- was, In his view, stealing. His
company owned and controlled the property, and
was not about to permit such duplication.A cash customer who bought a minicomputer couldenter upon the property run programs withhis company's blessing. The Idea that my
employer would really like to see some other
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. AS THOUGH WE WERE FROM TWO
TOTALLY DIFFERENT CULTURES

Copyright 1978 by
Antonio Prohias and
E. C. Publications Inc.

company out there making almost-identical
minicomputer boards, which would run the same
programs as those which his company's boards
would run, blew his mind -- at least, at first.

I, on the other hand, was fresh from an
attempt to evaluate about two dozen micropro-
cessors, from as many companies. (This was
about four years ago, and many of those
microprocessors never did finall make it out
into the world as real products. 1 was
considering his company's one-board mini compu-
ter as yet another alternative to committing
my employer to go with some microprocessor
which as yet existed only as an "objective
specification" (i.e., paper tiger) and to
develop a real-time microcomputer around that
microprocessor, for a high-rellability
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application In providing local telephone
service. My employer, like virtually all
systems houses, had previously gotten burned
by depending on sole sources for semiconductors
and computer peripherals, and was twice shy
of making future commitments to sole sources
for anything. Moreover, it was particularly
scary to commit to a microprocessor, which not
only dictated a pinout and a part performance
specification but also by implication rendered
hon-transportable a lot of expensive real-time
software, when nobody was shipping parts yet
and only one semiconductor house even had a
full-scale development program underway for
that particular microprocessor. Thus, | took
it as my employer's natural right to try to
locate a second source for whatever micropro-
cessor was selected, and furthermore to run
any and all software -~ whether we wrote it
ourselves or acquired it by some other route --

On the second-sourced CPU. In essence, |

thought of the right to run software on one's
own CPU as a civil right akin to that of
driving a rental car up one's own, driveway, or
to "quiet enjoyment!' of a leased residence.

In case you wonder where this rambling
anecdote may be leading, consider the current
legal hassle between Data General (DG) and
Fairchild Semiconductor. DG is probably the
world's second=largest minicomputer manufac-
turer after DEC, and Fairchild is maybe the
third or fourth largest semiconductor house.
DG's low-end line is the famous Nova family,
which the company has produced since it began.
DG also has for several years operated their
own Silicon Valley semiconductor facility, and

reputedly makes a considerable proportion of
what they themselves use -~ ranging from TTL-
jellybeans to a one-chip NMOS "'MicroNova"!
microprocessor around which they bulld various
microcomputer products. Fairchild chose the
instruction set and architecture of one
particular Nova for their integrated-
injection-logic (I°L, a bipolar technology)
16-bit type 9440 microprocessor, now being
marketed under the name ''Flame,'' and somehow
never got around to getting 0G's permission.
DG legally and loudly contested Fairchild's
right to do so, and beyond that contested
Fairchitd's right to run any DG software on
9440-based microcomputers. By now, Fairchild
is advertising such microcomputers as well as
marketing the 9440 as a semiconductor component
for system bullders, after some delay during
which some Fairchild software got written just
in case it turned out not to be cool to be

running DG software. However this particular
case finally gets settled, it Is best under~
stood as a cultural collision, with both
companies genuinely convinced that right is on

thelr side in accordance with the ethics of
the culture from which they come.

(43
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Wry technical note: As a semiconductor
component, the 9440 is not particularly
compatible with the Micronova. For one thing,it doesn't need nearly as many different
supply voltages. As befits a recently-
introduced bipolar part, it is apparently
quite a bit faster.

DG's frame of mind, in deciding to go
after Fairchild, may have had something to do
with having sold a license several years ago
to another Bay area company to use the Nova
CPU architecture and existing software. The
company was Rolm, now a major military computer
and PBX manufacturer, and the pragmatic basis
for the sale was that DG had no interest in
selling militarized or ruggedized versions of
the Nova and Rolm had no plans to sell any
other kind. At the time that Rolm bought a
license, it was a tiny startup operation rather
than a large and powerful company like Fair-
child, and couldn't have afforded a strenuous
legal hassle. However, after Rolm paid good
money for a license to some things, it
certainly would have strengthened the
impression that these things were property,
which is only a step away from the subsequent
conviction that what Fairchild did was
"stealing."

Embroilina of Hapless Third Parties
What can happen to a user in a case like

this one? On what may he count for
reassurance that it won't happen?lf a user U buys a product from manu-
facturer B which appears to infringe a patent
held by a competing manufacturer A, A can
sometimes find legally tenable grounds for
bringing suit against U as well as against B.
This happened a couple years ago in one well-
publicized lawsuit over modem patents. Andit could even conceivably happen in a caselike DG versus Fairchild, where the heart of
the case does not concern patent rights,that the minicomputer company might nonetheless
attempt to go after third parties who use the
semiconductor company's microprocessor in their
products. Whether or not a legal action is
well founded, it may serve well as a scaretactic to keep customers in the fold who mightotherwise switch to cheaper microcomputer
boards which run the same instruction set as
the minicomputer company's boards, but are
based on the microprocessor. It may even --

who knows -- scare off venture capitalists
from investing in little companies which are
trying to market such boards.

In another interesting situation several
years back, effective reassurance was possiblesince the minicomputer company seemingly turned
out not to ''own the property'! in question afterall. By that time, various versions of the
DEC PDP-8 minicomputer and its direct prede-
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cessors had sold in the tens of thousands of
units. Intersil wanted to build a CMOS
microprocessor, and was looking for a CPU to
emulate on silicon. They considered just two
candidates -~ the PDP-8 and a popular 8-bit
NMOS microprocessor. They chose the PDP-8
primarily on the basis that the resulting CMOS
chip would actually be smaller and less complex
than for the other microprocessor, plus the
expected marketing advantages of the 12-bit
PDP-8 word length in a microprocessor. They
apparently did not fully realize what a coupit would turn out to be to be the first company
to successfully emulate a popular minicomputer
in a microprocessor. They did anticipate that
DEC would not be altogether pleased with their
sincere accolade to the popularity of the
PDP-8, however, and accordingly did enough
investigation to convince themselves that the
PDP-8 architecture (as embodied in various
predecessors) had essentially been developed
at Lincoln Laboratories before DEC had even
been founded, and therefore could be defended
as something in the public domain. Even so,Intersil found it prudent to come to terms
with DEC before purveying any DEC PDP-8 soft-
ware to third parties who bought their IM6100
CMOS microprocessor. Having taken these steps,Intersil was in a position to convincinglyreassure nervous customers who were appre-
hensive that they and Intersil would both get
sued by DEC.

Total Compatibility and the Fountain of Youth

It is often assumed that compatibility,like pregnancy, is a two-valued parameter -=

you is or you ain't. Wrongo. Compatibilityhas so many qualifiers, ins, outs, variations,
and ramifications that it is most prudently
regarded as a gray-scale or analog phenomenon.There really is no such thing as Total
Compatibility -- there is only compatibilityfor some particular purpose, such as runningone particular piece of code or Plugging in
One particular peripheral device. "'Total
Compatibility'! is simply marketing hyperbolefor compatibility for all practical purposes --

all practical purposes -- and can usually be
Proved to be embarrassingly non-total by some
bright ratfink with a pathologically clever
application, which must then perforce be
defined by the marketeer as Impractical.

In case you think | am splitting hairs,consider the DEC PDP-11 family of computers.
They all do considerably resemble each otherwith respect to such matters of practicalinterest as instruction sets and input/outputinterfaces, It is, however, relativelystraightforward to code up a Program using two-address instructions which refer to the same
general register in both address=specifierfields, in one case using one of the auto-
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indexing addressing modes, which will do a
variety of different things on the various
PDP~11 models, with departures particularly on
the older models. To paraphrase GeorgeOrwell's famous line in Animal Farm. "All
PDP-11s are compatible, but some are more
compatible than others.!!
to be safely transportable from one PDP-11
model to another, study your DEC handbooks
diligently to learn what these Impractical
cases are, and then avoid using them. There
should always be some core set of features,
which you can stick to, which operate with
sufficiently good compatibility on all PDP-11
models in which you are interested.

Consider also the IBM 360 family of
computers -- a quite different case. Here,
the manufacturer set up some tough internal
administrative controls to ensure both upwards
and downwards compatibility (which I'11 define
in just a minute), since the different models
were to be developed by administratively and
in some cases physically separated groups of
people. In essence, these various groups
were each chartered to emulate the same target
machine (apparently the middle-of-the-line
360/50), just as if they were all working for
separate companies. An excellent degree of
upwards=and-downwards compatibility was in
fact achieved for the five models intended as
mainstream -- 360/30, 360/40, 360/50, 360/65,
and 360/75; some of the other models do have
departures in various directions. However,
even though the front door was locked some
incompatibility did creep in the back door by
a different route -- optional features. On
the 360/65 and larger machines, virtually all
features with a serious Impact on program
transportabi lity were standard, packaged-price
items. On the smaller ones, however, one
could pick and choose among various options in
matters such as memory protection. In the
360/40 case in particular, there were eight or
nine of these, with the result that a 360/40
coutd be ordered in about as many configura
tions as a hamburger from Wendy's today, and
code which accessed these optional features
would not necessarily run on an economy-model
stripped 360/40 just because it ran fine on
one loaded with extras.

Compatibility is best understood from a
mathematical logic viewpoint. (POP-lis, for
instance, form a partially-ordered set.) If a
piece of code written for model 111 runs on
model 222, we say that model 222 is upwards-
compatible for that purpose from model I11.
Model 111 is then downwards-compatible from
model 222 by an inverse definition, just as
in formal mathematics subtraction is defined
as that operation inverse to addition
strictly speaking, the statement A- B=C
is first introduced as simply another way of
stating that A=B+C. If, wonder of
wonders, model 111 and model 222 are both
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upwards~compatible from each other, then theyare compatible. However obvious these
statements may seem here, what they imply
and, even more, what they fail to imply -- is
frequent ly ignored, with interesting and often
expensive consequences.

By the way, "compatibility" is probably
the most-often-misspelled computer-jargon word
in the English language. One sees
"compatability" three or four times as often as
"compatibility," even in print. Look ft up in
the dictionary if you think that 40,000 compu-
ter gurus can't be wrong. The misspelling
may possibly go back to an Ogden Nash one-liner
of several decades ago about marital harmony,
which goes something like "Incompatibility?
No problem as long as he has income and
she is patable."

Add-On and Add-In Memories and CPUs

Many years ago, some bright entrepreneur
noticed that most big mainframe CPUs were
connected to their large, impressive memory
modules through cables. Aha! If one could
put a cheaper, denser, physically smaller,
logically larger, more reliable ''add-on" memory
at the end of a cable having a similar
connector, one could replace lots and lots of
gigantic impressive memory modules made by the
CPU manufacturer and make a lot of money. And
this was done, most extensively with IBM 360
and 370 memories, but increasingly with others
also. In some cases, where the memory isn't a
separate cabinet but merely a module within
the CPU cabinet as in the General Electric 435,
the second=source vendor (In this case Intel)
provides an "add=in'' rather than an '"add-on!!
memory. Nowadays, an add-in memory may consist
of but a single large circuit card, as does
the Mostek add-in memory for the 0G Eclipse
CPU. Of course, the same business logic has
been very well understood from the beginning
on the personal computer scene.

It also was noticed long ago that large
CPU peripheral devices, notably gfant disk
files, also connected to CPU input/output
channels through cables with standard connec=
tors, providing a similar opportunity. When
add-on peripherals became a lucrative business,
the CPU manufacturers countered by such moves
as pulling the disk controllers into the cPU
cabinet so that the interlopers couldn't get
to the cable interfaces anymore.

By then, however, some of the interlopers
had themselves become large and powerful
companies, and their success had inspired some
well-financed new startups, and several of
these diverse companies attempted to carry the
war back onto the enemy's territory by emula=
ting the CPU they were offering add-ons to.
Although several of these attempts resulted n
financial debacles which almost sank the
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When a company whose CPUs and

"SUBTLE CHANGES IN SIGNAL BEHAVIOR AT
CABLE INTERFACES ... HOWEVER INTENDED

Antonio Prohias and
E. C. Publications Inc.

interloper company, the strategy ultimatelyprevailed, and today there are more than a
dozen companies worldwide (including five
communist=-bloc state-owned companies) which
essentially second-source several different
1BM 370 models, and altogether probably doclose to a billion dollars worth of this
business a year. A small fraction of IBM's
annual sales, to be sure, but still a goodpiece of change.

White Spv. Black Spv

As this second-sourcing business has grownlarge and successful, a fascinating set ofelectro-political business strategies has
developed along with it.

One obvious strategy ts the pursult ofTotal Compatibility. In one rather extreme
case, a second-source house has emulated an
IBM CPU at the microcode level as well as atthe instruction level! The rationale fs thatthis capability will make is particularly easyto rapidly track changes made by IBM,
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memory modules are being second=
sourced desires to make engineering
changes In their products, it may at
times be very difficult to distin-
guish "Our Policy is One of Continuous
Improvement" from the counterstrategy
to Total Compatibility. Subtle
changes in signal behavior at cable
interfaces and in operating-system

behavior, however intended, can raise
havoc in user installations having a
mixture of first-source and second-
source equipment, unless the second-
source manufacturer has been able to
anticipate and meet all of the changes.
Incompatibility thus becomes a major
competitive weapon -- fix things so
that when your competitor hooks his box
into your customer's system, the whole

smash quits working and it's all your
competitor's fault. The countercounter-
strategy to this one was once described
to me by the engineering vice-president
of a major add-on memory firm as ''You

have to hang by a string inside an IBM CPU
without disturbing anything."

Although the deliberate incompatibility
strategy takes on some particularly interesting
forms in the computing-equipment business, it
is not exactly unprecedented in previous human
history. Take, for example, the whole subject
of railroad track gauges. The standard Ameri-
can and British gauge is 4 feet, 8} inches.
This not-so-round number was derived in the
surest possible way: A powerful major user
(the Roman Empire) imposed it on other users
(the Britons, whom they conquered a few years
B.C.) by decree as a standard for wagon axle
widths. The conforming standard wagons then
wore standard ruts in British roads for many
centuries, and users whose wagons had differingaxle widths got a rough ride throughout those
many centurles or until they conformed.
(Sound familiar?) Roughly two millennia later,the first British railway cars were fabricated
simply as wagons with steel wheels, and so
guess what the track gauge had to be? Else-
where in Europe, however, many of the non=
island countries chose utterly unique gaugesfor their railroad right-of-way, thus ensuringthat any enemy troop trains which came chargingacross their borders would immediately jumpthe track. (Not to mention freight trains
loaded with goods competing with those of thelocat merchants.) Closer to home, when
Cincinnat! built Its streetcar system around
the turn of the century, a 5-foot gauge was
chosen so that the existing interurban railway
company In the area could not run Its cars
over the streetcar right-of-way. The more
things change, the more they stay the same.

Another intriguing old-time example,
having to do with the selective use of upwards
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compatibility, concerns field artillery
ammunition. Some years ago, the Russtans chose
to make theirs one millimeter larger in
diameter than the existing western-world
standard, and their gun barrels likewise.
They were still able to shoot off captured
enemy-manufactured shells, with no real
problems except perhaps for some presumed
decrease in accuracy due to Increased wobble
of the shell In the gun barrel. On the other
hand, enemy artillery units which attempted to
make use of captured Russian shells were Ifkely
to find that these shells didn't quite make it
all the way out of the gun barrel before coming
to rest and blowing up.

To return to the present-day electronics
world, similar games get played at the compo-

qo. ome,
:

4

AS OFTEN AS NOT, HOWEVER, THIS DELIBERATE INCOMPATIBILITY GAME BOOMERANGS

Copyright 1968, 1975 by
Antonio Prohtas and
E. C. Publications Inc.

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 299 1978 November 3-5 + + t Los Angeles, California



nent level. [t has been known to happen that
a large semiconductor manufacturer G has
deliberately introduced a part similar to one
from a smaller manufacturer H in an incompat~
ible pinout, citing some rather unconvincing
advantages, rather than simply second=sourcing
H's part. The obvious intent here is to force
systems houses using the part to lay out their
boards to G's pinout, and thereby lock H's
part out of all those sockets and H out of all
those dollars. As often as not, however, this
deliberate incompatibility game boomerangs,
some other manufacturer second-sources the
part in H's pinout, and G's part falls flat in
the marketplace until G belatedly comes out
with a part in H's pinout after all.

The MAD magazine Spy vs. Spy cartoon
series by Antonio Prohias, excerpts from which
appear in this text by permission (and with
obvious modifications in one case), exhuberantly
summarize the wheels-within-wheels booby-trap
philosophy which sometimes appears to prevail.
However, in Spy vs. Spy, it is usually one of
the protagonists who gets blown up. In the
real-world second~sourced=CPU and add-on game,
unfortunately, it isn't -- rather, it is the
customer who simply wants the most cost-
effective computing equipment he can buy for
his installation, from whatever vendor, and
wants it all to play together reliably in
place after he gets it.

Standards Activities
Obviously, if instruction sets and inter-

faces are published in explicit, fully
divulged form, and do not get tinkered with
after that, many of the devious games justalluded to cease to be effective. Thus, users
and second-source manufacturers share an
increasingly intense interest in trying to
standardize architectural attributes which
affect them in some way.

There are hazards to this approach also.
The most obvious one is that premature imposi-tion of standards in a technical area will
freeze out worth-while future improvements;
there is a very legitimate aspect to "Our Pol-
icy is one of Continuous Improvement.!' But
there is another one, probably more deadly
in practice, that standards inevitably operate
to the benefit of some sets of economic
interests and to the detriment of others.
This eventuality is often foreseen, and the
foreseers then dig in their heels and fightlike hell to keep any standard from being
adopted, or to keep the one adopted toothless.
But sometimes it is not altogether obvious
who will be the beneficiaries and who will be
the losers left out in the cold.

For instance, consider the present move
by various forces within the U. S. governmentto require that all computer procurements over

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 300

$400,000 in value make use of the IBM 370
input/output channel interface, supposedly
to facilitate effective competition among
add-on peripherals houses as well as between
all of them and 1BM. Honeywell has loudly
opposed this standard for obvious reasons,
perceiving it as a Trojan Horse rumbling
through the city gates, and has threatened to
withdraw from competing for procurements
subject to the standard rather than uprooting
their whole input/output architecture and
replacing it with the standard. So the
standard represents a major cost for those
manufacturers like Honeywell who are not
compatible with it, unless they are to be
locked out and their competitors to be locked
in for sales of large government systems. But
wait a minute -- why is IBM also rather cool
about the standard? Oo they want to make
some additional changes in the way their input/
output channels behave, which they won't be
able to do and remain standard? If it isn't
IBM's Trojan Horse, just whose is it? Possiblyit AmdahI's. Amdahl is the world's largest
1BM 370 second~source manufacturer, and has
vigorously supported the standard.

Thus it is difficult to avoid having
standards themselves become a competitive
weapon. like incompatibility. Get your
format specified in, and your competitor's
format specified out. When the protagonists
are semiconductor firms, read "pinout" for
"format

Even so, the economic logic behind
standardization is strong, and attempts to
standardize go on. After all, once a standard
has taken effect and has been in place for a
while, the sharp and admittedly unfair immedi-
ate effects on some of the protagonists should
die out, and everyone should begin to benefit.
Within the last year | have attended some
meetings of two quite different standardization
committees: one under the auspices of the
U. S. Army Electronics Command which is
attempting to arrive at a standard architecturefor a Military Computer Family (MCF), and one
under the auspices of the IEEE Computer Societywhich is attempting to put forth a comprehensive
standard for floating-point number formats and
arithmetic in future microprocessors.

Both of these committees seem to have a
substantial majority of people sincerely tryingto do the right thing. Both of them, however,have tended to make haste very slowly. Anystandard which either of them puts forth maytend to make life much easier for some of the
agencies and economic interests represented
and much more difficult for others, and largeamounts of money and even the survival of
companies and thus the jobs of some committee
members may be at stake!

At one point in time, the MCF committee
managed to gather considerable momentum towards
Standardizing on the DEC POP=11/70 instruction
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set and Internal CPU architecture for future
military minicomputers, along with cabinetry
which bore at least some resemblance to that
of the Control Data 480 milttary mini computer.
At that point there were loud screams from
the military-computer divislons of Litton and
Westinghouse, which perceived themselves as
potential recipients of a Trojan Horse, and
the almost-jelled consensus came unjelled.
Whatever the recent trends may be, the final
outcome is likely to be in doubt for several
years. At best, the MCF architecture is
likely to become yet one more flavor of mili-
tary computer In addition to all the others in
use, rather than a universal standard.

Generally the MCF effort has seemed to be
sane and well-founded, with fairly modest goals
and realistic notions as to what the world is
actually like, as compared to other such
efforts which preceded it. The entire October
1977 issue of Computer magazine (the general-
interest magazine published by the IEEE
Computer Society) was devoted in essence to
MCF, and is worth reading even If you have
utterly no interest in khaki-colored computers.
This is the Computer issue whose cover portrays
heroic-looking eagles against a psychedelic-
color backdrop, and if you are at all familiar
with some of the earlier milftary computer
architectures which the MCF committee was
quietly hoping to phase out, you may react as
| did that a much better choice could have
been made for the species of large native
American bird pictured on the cover. Neverthe=
less, the papers in this issue range from good
to excellent, and the first few have a direct
bearing on my subject here from the point of
view of one very large consumer of computers.

The floating-point standards subcommittee
is still hard at work, and the outcome of its
efforts can't yet be predicted. The concepts
being discussed at the time | write these words
bear some resemblance both to those in DEC's
VAX-11/780 supermini and to those in devices
in development as part of Intel's 8086 program.
However, unlike the MCF committee, this
subcommittee is proposing to write a totally
new standard which does not exactly correspond
to any existing hardware, which reduces the
Trojan-Horse aspects somewhat. By the time
you read these words, some definitive action
may have been taken, but as of now it has not.

The follow|ng six maxims are from an
excellent paper! which should be readily
accessible to most of you, and pertain to
standards of almost any type as well as to the
software standards about which the paper was
written:

1. Proposed standards can be very bene-
ficial; Imposed standards will be
disaster.

2. Standards are not only meaningless,
they are actually danaerous. If their
proper use cannot be understood by
those affected by them.
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The most important part of a standard
is its applicability clause. which
exactly specifies when not to use it.
Standardized methods can become
standard methods only when accepted
in use.
Standards exist only to serve the
needs of a nonstandard world.
Standards cannot create a standard
world.
Compatibility is more achlevable than
conformability. and usually is al}
that is needed.

3.

4,

5.

6.

Several Sweepina Opinions

It's always much easier to point to
problems than to figure out what to do about
them. Many of the problems I've described are
inherent in any situation where information-
handling machinery Is designed and marketed
by human beings with something to gain from
its widespread acceptance. They are not unique
to one industry, one nation, or one economic
system, and they wlll be with us as long as
we continue to use computers. However, my
basic subject here is ethics, despite the
unfamilfar context; what is It right that we
should be trying to do? The particulars which
1 have discussed seem to me to point to the
following generalities:

A. For manufacturers, whatever policies
and decisions serve customers better
are likely to work out best, both
from an ethical viewpoint and for
staying In business over the long
haul. Customers are what make
paydays and dividends possible.
If a sufficiently long-term view
(probably 3-5 years) is taken, there
is virtually 100% correlation
between sound marketing practices
and following the Golden Rule and
other classical Judeo-Christian
ethical principles.
Conversely, whatever policies and
decisfons are aimed at manipulatina
customers are unethical and should
be avoided, both because they are
wrong and because they will surely
lead to loss of market share once
the perpetrator gets found out.
There have been plenty of examples
presented in this paper: playing
deliberate-incompatibility games,
suing your second sources, and
cynical misuse of standards as Trojan
Horses.
As CPUs become smaller and users
almost universally come to understand
them as components, the computing
world will be be better off with the
semi conductor-industry-culture view
that second=sourcing is a way of

C.
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life than with the minicomputer-
industry-culture view that It Is
immoral. Second-sourcing leads to
free interchange of software and
add-on boxes, and thus ultimately to
greater user satisfaction, more rapid
improvement in technology, and thus
even to greater national security
and better service to Mankind.
These considerations may In time
give software transportabl lity and
plug-compatibility the force of
civil rights, transcending the
property rights which manufacturers
hold -- or think they hold <= to
architectures.
A CPU architecture which has become
very popular, because users have
found that it serves them well,
eventually becomes bigger than the
company which originated It. Users
acquire a huge investment in existing
software, and prefer to retrofit new
hardware to this software rather than
rewriting It. If the economic mass
of this software is sufficiently
large, second sources will appear for
all kinds of things which users need,
including CPUs. Any attempt by the
original manufacturer to stymie this
process will, If successful, ulti-
mately cause his CPU architecture to
lose out in the marketplace to other
architectures with more second
sources.
In consequence of D, manufacturers
should make some real effort to avoid
Inventing new Instruction sets where
they are not absolutely necessary.it serves the customer to give him a
superlor new CPU which doesn't force
him to junk or rewrite all of his
software. The world needs a new
Instruction set like It needs a new
species of mosquito, or supply your
own simile.
The most durable standards seem to
be those which start out with one
company's definitions, spread out to
cover much of the world because of
high-volume production of something,
become accepted In use, become
somewhat diluted as stightly mutually
Incompatible tweaks get made in them
along the way to adapt to particularuser needs, and then get pulled back
together by a broadlybased user
standardization effort. The IBM 370Instruction repertoire has by now
been through most of these phases
and Is well on its way to becoming a
world standard, even though by now
18M themselves might well like to
bring out some Improvements which
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would not be |BM-370-compatible.
Much the same thing may also be
said of the DEC CPU architec-
ture, the DG Nova architecture, and
the Advanced Micro Devices 2901
bipolar microcomputer building block;
and in the personal computing world
the $-100 bus has already reached
the very last stage of this evolution.Fill in your own favorite example;
mine is the 4 foot 8% inch railroad
track gauge, defined by the Romans
two millennia before railroading
began.
Customers don't buy hardware -~ they
buy solutions to problems. Even a
large-magnitude Improvement In
hardware will get a chilly receptionif It creates new problems, such as
incompatibility; it is worth a large
amount of effort and cost to keep the
new Improved machine at least upwards-
compatible from the old one.
As to why manufacturers should payattention to such altruistic-sounding
maxims as have stated, consider
these words of Robert Townsend",
for several years #1 at Avis Rent-a-
Car:

money, Ifke prestige, if
sought directly, Is almost never
galned. It must come as a byproductof some worthwhile objective or
result which Is sought and achieved
for its own sake.'' #

G.

H.

E.

Proper Thanks

There are several people
and gratefully thank:

Permission to use the Antonto Prohias
Spy vs. Spy cartoons was kindly granted byWilliam M..Gaines, Publisher of MAD magazine,on behalf of the copyright owners.

The European railway gauge anecdote came
from a talk by Tom Steel of System Development.
Corporation to the Minneapolis-St. Paul
Association for Computing Machinery chapter
some time during the mid-1960s. His subjectwas software standards and compatibility!

The Cincinnat! streetcar and Russian
artillery shell anecdotes 1 owe to Dick Delpof Signetics, who also happens to be Chairmanof the IEEE Computer Group Subcommittee on
Floating-Point Standards.

There are also many other people whom |

am grateful to, but had better not publiclythank. This whole subject is at times a hot
potato, about which people express strongopinions sharply at variance with the official
positions of the organizations which pay theirsalaries. 1 have heard and appreciated manysuch opinions, as well as some milder ones.

can publicly
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So It is best that | express my appreci-ation [In general terms, without publicly
Identifying all the people | am thanking!

Anyway, there are people <= and even
whole companies out there sincerely tryingto do the right thing. When you meet one andlike their act, tell them so.

Who Dat Say Dat

Chuck Hastings has spent the last half of
the 1950s as a programmer, the 1960s as a
computer architect (whatever that is), and the
1970s as a hardware designer specializing in
superminis. He currently works for Microcom-
puter Systems Corporation in Sunnyvale, CA,
He has previously been with National Semicon=
ductor, Itek Applied Technology, Racal-MIIgo,
two subsidiaries of United Telecom, Control
Data, Honeywell, and TRW, and has moonlightedfor various big and little companies in four
states. He has a BA In physics and math from
Grinnell College, an MA in math from UCLA,
some additional EE and computer science courses
from the University of Minnesota, and by now a
few MBA courses at the University of Santa AS THOUGH WE WERE FROM TWO

Clara. He has two U. S. patents [in electro- TOTALLY DIFFERENT CULTURES ..."

a good way to have fun and get paid for it.
Copyright 1978 byoptic mass-memory technology, belongs to ACM
Antonio Prohias andand IEEE, and sti thinks that computers are E. C, Publications Inc.
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AUTOMATED COMPUTER CONTROLLED EDITING SOUND SYSTEM (ACCESS)

William R. Deitrick, Pres., Mini-Micro Systems, Inc., 2101-H W. Crescent Av, Anaheim, CA, 92801

This paper will describe the most revolutionary Capabilities
advance that has been made in Post-Production
Sound Editing over the past fifty years. ACCESS is presently capable of per-

forming the following:
INTRODUCTION 1. Sound loading

a. Audio can be loaded into the sys-
The project was initiated by Neiman-Tillar Associ- tem from any source and can be
ates, an independent Post-Production Sound Editing controlled manually or automatic-
company, located in Los Angeles, California, when ally. The sound is digitized and
they decided to utilize computerization to bring stored temporarily and can then
Post-Production Sound Editing out of the dard be edited manually by executing
ages after observing the remarkable progress being start/stop commands to establish
made in the video area. The initial attempt was beginning and ending points or
a very disappointing experience, but sufficient, the computer will edit those
albeit painful, knowledge was obtained that en- points using selected parameters.
abled a small group of engineers and programmers An identifying key and descrip-
(Mini-Micro Systems of Anaheim, California) to tion is entered and the sound is
continue the task to a successful completion. then transferred to permanent

The sequence of events will be chronicled mass storage called the sound li-
as development proceeded. Operation of the brary which is a removable 200
system, and hardware and software descriptions, megabyte disk pack. There can bewill be covered. An. abbreviated general de- up to seven of these library packs
scription of the capabilities of the system online (instantly accessible to
and the hardware follows. the computer) at any time.

2. Sound editing
General a. One or two sounds may be retrieved

and played simultaneously so they
The initial concept of ACCESS was that it lay be modified (volumne, pitch,would be constructed of "off the shelf" elec- equalization) and/or synchronizedtronic equipment (to minimize engineering re- to video tape using SMPTE time

search and development costs) and would be code. The system saves all thisflexible enough to permit all the required modification and timing data and
taskes to be accomplished with software. it be- inserts it in an assignable list
came increasingly apparent that the tasks to be (cue). These cues can then be

duce a system no matter what was required. As. it
turned out, the subsequent solutions to the prob- Hardware
lem were more efficient anyway. Hardware was de-

performed had been woefully underestimated and the played automatically in syne with
availability of the supposedly "off the shelf" external equipment, e.g., VTR and

an uncomon occurrence). The system was to be
equipment had been unbelievably overestimated (not sprocketed 35mm three track mag-netic tape.

3. Data utility programscompletely digital with sound effects library
a. These are a myriad of functions(disk drives). This would be feasible if the

digitized and stored on rapid access mass storage
generally dealing with adminis-
trative or housekeeping taskssound effects could be digitized and compuressed
such as formatting storage areasusing software to minimize the amout of storage
detecting code or data input er-required The hardware and software to achieve
rors, listing of sounds, modifi-data compression/decompression not only did not
cations and cues, program assem-exist, it does not today, and probably will not
blers and editors, system diag-in the foreseeable future! By the time this was

discovered, the commitment had ben made to pro- nostic tests, etc.

signed and developed to allow real time operation, The ACCESS hardware is comprised ofand software was created to permit the editor to
use the machine as a tool to allow him to do what

one 50 megabyte disk drive and up to seven
he does best and let the computer do the rest.

200 megabyte disk drives floppy disk
drive, 300 lpm 132-column printerterminal with keyboard, an operations con-sole containing controls indicators, andReprinted with permission from the SMPTE Journal, displays for manual operation, two micro-
processor units with up to 56 kilobytes ofVolumne 86, pages 10-15, Jan. 1977. Copyright
memory, two auxiliary memory banks of up

1977 Society of Motion Picture and TV Engrs inc.
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65 kilobytes each, three sound channels containing
up to 65 kilobytes each, a two-channel independentfast access memory bus (DMA), and assorted peri-pheral controllers for interfacing to the external
equipment such as video tape recorders, magnetic
tape recorder/players, sound amplifiers and level
monitors, and SMPTE code conversion units.

Summary

The ACCESS has been used to created sound ef-fects tracks for several feature films and manytelevision shows over the past twelve morths. The
system has enabled the editor to expand and util-ize his creative abilities immeasurably. Produc-
tion has generally increased fivefold. In addition
the system alleviates the physical work formerly
required because the editor never even sees tape
anymore. The surface of this new technology has
only been scratched as the flexibility of the
system permits ongoing software development to con-
tinually increase its value.

Abstract

ACCESS was developed to enable the Post~
Production sound effects editing phase of movie
and TV production to utilize "state of the art"
electronic equipment and computerization. Pre-
sent editing methods are performed almost com-
pletely manually by splicing prerecorded sound
effects on 35mm sprocketed magnetic tape using
a movieola to allow synchronization to the pic-
ture. ACCESS eliminates the need for manually
handling tape and allows electronic synch using
SMPTE time code, provides instantaneous avail-
ability of sound effects by digitizing the sounds
and storing them on magnetic disk packs, and per-
mits creating or modifying sounds electronically
using computer control or computer assisted con-
trol using a two channel operations console (sim-ilar to an automated mixer). The editor can work
on any part of the film and can build as many
reels as desired and in any order. All entries
are error checked by the computer and where pos-
sible generated by the computer. Various print-
outs are furnished such as final mix sheets, sound
library contents, etc. The system is completely
digital and can be synchronized to SMPTE code or
generate it which permits interlocking external
equipment for inputting or laying off sound tracks.
Production has generally increased fivefold using
ACCESS.

Introduction

The Post-Production phase of movie and TV
production generally consists of adding sound
effects, music, and dialogue clean-up. These
tasks are performed today in much the same way
as they have been for the past 50 years. This
might have been reason enough to cause the crea-
tion of ACCESS but there are several others. The
advances made in video editing, primarily in video
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tape, have been spectacular due to the pro-
gress being made in the electronics indus-
try. The amount of product required is
steadily increasing especially in the TVfield. This results in tighter schedules
and like everything else, the cost of all
aspects of production is going up and timeis something one can rarely buy. Sound quality has not been considered an overridingfactor in the past particularly in film
where all the sound effects tracks, dialogue
and music were mixed down to one track and
that ended up on an optical stripe on film
that yields questionable audio quality.
Theatre acoustics and audio sound systems
are being improved. This trend is encour-
aged by productions such as Star Wars.
Improvements are being made in TV set sound
systems as well. The viewer has been the
beneficiary of these advances and is becoming
more discriminating (or spoiled) and he will
of course, expect more.

Background

A brief description of the normal
procedure (not using ACCESS) will assist
the reader in recognizing the improvements
and advantages realized by using ACCESS.
Only the sound effects editing tasks will be
described and it should be noted that this
is a general description as the procedurewill vary among companies.

The editor receives a work print reel
of approximately 10 minutes in length (35mm
sprocketed). This is then previewed on a
movieola and notes taken of the sounds re-
quired and the footages needed. The editor
then selects a tentative list of sounds from
the library index and if he is unfamiliar
with the sound it must be pulled so he can
audition it or he will have to wait until he
receives the transfers. The tape master
library may be 4% inch tape with the sound
effects separated by leader and a tone burst.
A technician will then take the list and
copy the sounds onto 35mm sprocketed mag
tape. There will usually be several of these
transfers made of each sound. The editor
then receives the transfers and b egins
the cutting process. One 10 minute reel of
picture may require any number of sound
tracks (8 is a rough average). The physical
distance between sounds on a given track
must be adequate to allow the mixer to adjust
his board controls if necessary from one
sound to the next. If the editor wants to
make level changes to the sound he must re-
move oxide from the tape using a razor blade
or a dissolving solution. There is no way
he can increase the level however. If the
sound he needs is too short he will have to
create a physical loop of tape so the sound
repeats and he must be extremely careful to
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avoid the repetitious characteristics that
are very obvious. Synchronizing the sound
to picture is literally cut and try. Sound
transfers are spliced to leader and the
splice continually adjusted until synch is
obtained. The only sound control the editor
has on the movieola is a volume control which
permits him to hear a volume change that the
mixer will have to make. One cannot appre-ciate or comprehend the amount of work involv-
ed until you observe the editor knee-deep in
tape, with stacks of transfers around him,
cutting, splicing, threading and unthreading
the movieola, while attempting to achieve the
"right" effect on a mechanical machine whose
noise defies description and whose sound qual-ity leaves a lot to be desired. The final
task is to assemble the edited cuts into 10
minute reels maintaining synch with the pic-ture. These subsequently will be mixed down
onto a final track and then be mixed with mu-sic and dialogue. The preceding operations
are all manual and quite time consuming esp-~ecially if the original sounds chosen are not
"right." Sound quality is degraded with each
transfer from library master to work copy tofinal mix due to the accumulative signal/noiseratio loss. Continuous cueing and copying
from the library master tapes also contributes
to the problem.

Original Concepts

The initial concept of ACCESS came
about as a result of the attempts by Neiman-Tillar Associates (NTA), an independent post-
production sound editing company located in
Los Angeles, to modernize the editing processjust described. A considerable amount ofeffort was expended in search of a solution
with responses ranging from "it can't be
done" to "several years and a lot of Money.The project was originally begun by ISYS Tech-
nology, now inactive. Their approach was
quite ambitious and required some yet to be
developed techniques that appeared feasiblebut in practice became very difficult to im-
plement. Basically their solution was to have
a 15 channel control panel (similar to a mix-
ing board) which would allow up to 15 soundtracks to be played and modified independently . Standard 7 inch high, 19 inch wide card cages withand simultaneously in real time. Each channel
would have its own microcomputer and would
accept digitized sound data that had been
compressed digitally and stored in moving head external peripheral equipment. The card cages,disk storage. Each channel would decompressor expand the sound data back to its origin-al form. Compression ratios up to 10,000 to 1were anticipated but this proved to be imprac-~tical if not impossible to achieve. Thereasons for this were due to the frequencycomplexity of sound effects being badly under-estimated which made classification and coding microprocessor, CRT terminal interface, 36 kilo-extremely difficult which in turn created a
processing problem for the channel as itwould have to regenerate the sound in realtime in addition to the normal tasks it hadto perform. The problem was compounded when
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it was discovered that the 8 bit digital sample
size was not adequte for quality sound reproduc-
tion for sound effects. The preliminary work
had been done using music to empirically deter-
mine digital sample size and sampling rate. The
8 bit companding DAC came out at that time and
although it provides an effective 12 bit resolu-
tion and good dynamic range it also introduces
unbearable distortion for some sound effect. It
would also be very difficult to process an 8 bit
non-linear word. During this period ISYS hecame
involved in a legal dispute over another contract
(in a non-related field) involving another com-
pany and ISYS was deactivated. By this time
NTA had become committed (if not possessed) to
seeing a system at almost any cost. A small
group of consultants then assumed the task and

MIni-MIcro Systems. The project was redefined
using a more practical, realistic approach and
subsequently and efficient, workable system was
developed ACCESS.

formed the nucleus of a new company to be called

HARDWARE

General System Description
The ACCESS hardware is comprised of one

50 megabyte (MB) and seven 200 MB moving head,
removable disk pack, disk drives. There are
two microcomputers, auxiliary memory banks,
three sound data channels and a two channel in-
dependent high speed memory bus (DMA) which in-
terconnects all of the preceding devices. There
are various peripheral controllers for interfacing
and controlling external equipment such as video
tape record/playback units, magnetic tape re-
corder/players, sound amplifiers, level monitors,
and SMPTE code conversion units. The CRT termin-al (with keyboard), a 300 line per minute printer,video monitor, speakers, and the operations con-
sole which contains switches, indicators, and
sound modification controls are all located in the
operations room which is about 60 feet from the
computer room where all the other equipment islocated. The computer electronics hardware is
mechanized on two sided printed circuit cards
(PCB) approximately 5 x 8 inches, with wire-
wrapped integrated circuit sockets, and interface
connectors on both ends. The PCBs plug into
combination wire-wrapped and printed circuit
backplanes. Ribbon cables on the back edge of
the PCBs interface between card cages, and to
disk drive controller, and power supplies are
mounted in a standard cabinet 84 in H x 19 in Wx 24 in D.

Major Component Description
The master computer (MACPU) contains a

bytes (KB) of memory, disk controller (DCU) in-terface, arithmetic/logic unit, interrupt logic,printer interface, a direct control interface tothe monitor computer (MOCPU), and the master DMAcontrol logic. The MACPU performs most of the
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the DCU and DMA. As the name implies the
MACPU is the master of the system and es-sentially controls the entire system. TheCRT terminal and the printer interface dir-ectly to the MACPU. The DMA consists of two
independent 8 bit data channels that allowsimultaneous data tranfers between any two

(FIFO) memory. SCH1,2 accept digital sound data
and the analog sections read the data out and
convert it into an analog voltage, sent it to the
output multiplexer which routes the sound voltageto external equipment such as audio amplifiers,level monitors, and tape recorders. The nominal
output sample rate is 50 KHZ and the digitalsound sample size is 12 bits. SCH# is identical

data processing load, handles interrupts,issues control tables and checks status of

pairs of devices on the DMA
to SCH1,2 except for the analog section whichData transfer accepts, scales, and conditions sound voltagerates Vary with the fastest rate being Mory Input from any external source Or from the outputsCO Memory transfers megabytes (MB per of SCHI and/or SCH? through thesecond and the Slowest when the DCU is one input

of the devices, 806 KB/sec. There are six
The input sound is digitized at 50 KHZ rate into
a 12 bit word and written into the FIFO where it3or devices interconnected on the D

contains the modification controls and indicators
MACPU MOCPU, DCU two auxiliary memory

*S read out to the DMA The operations console

DMA controller (SCHDMA) which coordinates
banks (AUX1, AUX2), and the sound channel for two sound channels (effectively an automated

mixer with added capabilities). Each channel has
channels (SCH1, SCH2) and one sound data
data transfers to two sound data output a volume (level) control, frequency (pitch)

a range cut and boost from -15db to +15db overinput channel (SCH3). The MOCPU is almost
control, six equalization controls that provide

ident peripheral controllers. It handles
identical to the MACPU except for the res- three frequency hands (each adjustable). There
all SMPTE code operations for synchronization each band. There are enable switches and indica-

are also bandpass shape selection switches for
purposes and has a floppy disk controller tors for each of the controls, system status and
channels via an independent 8 bit bidirection- There are remote controls for both video tape and

interface. It interfaces to all three sound mode displays, and a SMPTE time code display
al data bus which is used to send/receive
sound modification data, issue mode controls,monitor sound data memory balance counts, and soFqWAREis also used to control and monitor status of

tape equipment. The AUX1, AUX2 memory banks ig beyond the scope of this paper and it is dif-contain 28 KB each and are used primarily as ficult to describe in a general manner and still

Control up to 8 disk drives, each capable of ware was designed as general purpose as possiblestoring 200 MB on a removeable disk pack. Each to permit continuing software development topack can hold 40 minutes of digitized sound expand the capabilities of the system. A very
effects (7 packs) can be on line and instantly handles real-time system requirements such as
as the system software drive and is also used terrupt generation, high speed 16 bit arithmeticto hold sound modification data, master lib- and logical operations, etc. The DCU performsrary index, system maintenance and test rou- many operations while requiring very little inter-

be modified in an infinite number of ways and up-grading without impacting the entire system.

parison. The DCU requires a minimum of inter- disk to look like program storage. Program dataention from the MACPU which initiates oper- blocks can be moved between DCU and MACPU veryations and monitors status. The DCU accesses rapidly, 36 KB in less than one tenth of a secondits command tables and transfers data under and MACPU processing is suspended for less than
DMA control to/from any device on the DMA one third of that. The variable record format
except the SCHDMA. Command tables can be capability of the DCU permits optimum program

audio equipment.

the external video tape equipment and audio A detailed description of the software

buffer storage areas. The DCU is the most be meaningful. In order to realize maximum effi-sophisticated device in the system. It can ciency and flexibility from the system the hard-

data so 4 hours and 40 minutes of sound good balance has been achieved whereby hardware
available to the system. One drive is used sound data transfers, time code processing, in-

tines, etc. Normally only a few seconds of vention from the MACPU which allows maximum pro-a sound effect are required to be stored in cessing time. Programs are generally modular andthe library. That basic piece of sound can self contained which permit modification and

hen only the mod data need be saved which The power of the DCU enables the computer to use
virtual memory techniques which allow the systemequires virtually no storage space by com-

inked or chained which allows a series of and data block size. Indexed sequential access
operations to be performed automatically. methods (ISAM) techniques are used allowing the

@ DCU will select a drive, move its heads pcu to locate and fetch a sound (begin transfer)
a specified cylinder, search for a selected in less than one tenth of a second. The editor

record or key, and when located perform a seldom has to wait on the system because of pro-
read or write data block operation, and then gramming delays. The menu concept is used where
signal the MACPU that it is finished. The the editor is presented a list of functions,
DCU can execute 25 commands and can provide sounds, etc., which are displayed on the CRT.
full track buffering to ease timing con- then responds by choosing the desired item by

e

straints. The sound channels each contain 36 entering a letter of number corresponding to
of memory configured as first in first out that item. Direct questions are displayed
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edit function permits modifying the length of
requiring only a single entry to respond.

the sound by progressively delaying the beginning
Keyboard entries are kept to a minimum as
much as possible. Entries are error checked or shortening the end of the sound or will enable

the editor to select any portion of the sound.
and error messages displayed if the editor
makes a mistake such as an invalid time code, After the sound is played he can again select one

of the functions or if mods were made he can reset
specifying overlapping sounds on the same
track, attempting illegal operations, etc. them or save them. If the mods are saved the
If auxiliary information is allowed such as system assigns a mod sequence number and after the

descriptions of sounds or modified sounds the editor enters a description it is entered into
Mods made using the operations con-entry format is free form, i.e., the editor the library.

can enter anything he wants. There are no sole are retained and replayed so mods can be
All made to mods on successive passes without losing"computerese" type entries required.

information entered or generated during oper- the previous mods (automated mix feature).
tion is saved by the system to eliminate re-
dundant entering of data which permits many Prescript
tasks to be performed virtually automatically.

This program is used to create up to 19Complete recall and recreation of previous
work done at any level is kept available so sound tracks (10 min. each) for up to 23 picture

reels (10 min. each). For example a 1 hourchanges can be made quickly no matter how
long ago the original work was done. Reports show will typically consist of six 10 min. reels,

each requiring seven sound tracks for a total ofare generated in various formats and printed
for use by editors, sound technicians, and 42 tracks. The editor will assign the reel num-

mixers. ber, track number, start/stop time code, andSystem software utilities consist
of a modified INTEL assembler and editor for the sound ID or mod number and the program will

assign a chronological sequence number withinprogram generation, DCU format, test routines,
Thedisk pack evaluation, memory test programs the track and error check the entries.

accumulated track data is always available forfor fault detection and isolation, and system
diagnostics. display or printing. Once entered the entries

can be modified, deleted, or moved to any tracks
OPERATION or reels very simply. This program also consol-

idates all data pertaining to the show being
A brief description of the major pro- worked on -- sounds, mods, timing data and

stores is on one (or more) disk packs calledgrams and their functions available to the
editor will be covered although it should be the "show" pack. This permits an entire show to
noted that approximately one hour is required be played or layed off without the need for all
for a live demonstration of the general cap- the library packs (where the sounds originated

It can also be used as aabilities of the system. from) to be on line.
library pack and allows an entire show to be

Editor saved in the physical space required for about
five 35mm 1000 foot reels instead of the typical

This program is used to fetch and edit 42 reels required for a one hour show. Changes
a sound(s). The desired sound is selected can be made and layed off almost instantaneously
by entering its key ID (up to 15 alpha/numeric using the show pack except the basic sounds. A
characters or the list program will display show pack is not normally retained after a show
a screen full of sounds with their ID and des- has completed final production. When a show pack
cription for selection. The display can be is to be recreated the proarams will tell the
started at any point in the library and will editor which library packs need to be on line.
be continually displayed until the end or un- Up to 80 show pack histories can be accomodated
til the editor selects one by entering a num- by one show history pack.
ber associated with the sound. Previously
modified sounds can be called by entering the Play Tracks
mod sequence number and they also can be dis-
played on the CRT. The selected sounds can This program permits the editor to play
be played for listening only or for modifica- back one or two tracks (of the same reel). The
tion using the operations console. The sounds editor enters the reel number, track(s) number,will be played upon command from the editor and if the track playback is to begin at a point
or if the VTR is being used for picture dis- other than the beginning of the track the sound
Play when SMPTE time code agreement is found. sequence number is entered. Playback commences
(All picture materials is recorded on 3/4 inch upon command from the editor (the SMPTE time
video tape cassette with SMPTE time code super code is simulated by the program) or when SMPTE
imposed on the picture and also recorded on time code agreement is found with the external
one of the audio tracks. If production sound equipment (usually the VTR). As with all programs
was available it is recorded on the other the operation can be terminated at any time by
audio track.) The editor can choose one of the editor.
the following functions -- play the sound asit exists in the library, play a previously Record
modified sound, create background (continuous-
ly repeats the sound), or edit the sound. The This program is similar to the Play Tracks
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program and it is used to lay off or record
sound tracks to an external device (usuallya single or multi-stripe Magnetic tape re-corder). An output multiplexer allows thetracks to be assigned to any of six outputlines. The editor enters the reel number,track(s) number, the stripe assignment num-
ber, and if recording is to start at a pointother than the beginning the sound sequencenumber is entered. Recording begins when theexternal equipment is interlocked (up to
speed and in synch) and SMPTE time code
agreement is reached.

Update Library
This program is used to load new

sounds into the sound library. A sound
can be input from any source (synchronizedor not) and after being digitized it is
saved temporarily on the system pack. Itthen can be played back and checked for
quality, level, and then edited for length
(usually several seconds is sufficient for
most sounds). when satisfied with the sound
the editor enters they key ID and descrip-tion and specifies the library pack the
sound will be stored on. The program checks
the sound key ID for duplication and verifiesthat there is enough space on the specified
library pack. The sound data is then trans-
ferred to that pack and the master libraryindex is updated and the key entered into
the ISAM table.

List
This program enables the editor to

display and/or print out numerous lists of
information in a variety of formats (alpha-betic or numeric order, time code sequence,etc.,). Some of these are the contents of
the sound library, modified sound library,
showpack, show history pack, and track
contents. Cue sheets with time ordered
entries and 35mm feet/frames references for
mixers and lay-off sheets for sound techni-
cians are also provided.

SUMMARY

ACCESS was installed at Neiman-Tillar
Associates, 8304 Beverly Blvd., Los Angeles,
in January 1977 and has been used to create
sound effects tracks for many feature films
and TV shows. ACCESS has enabled the editor
to expand and utilize his creative abilities
as well as increase production output fivefold.
The instantaneous availability of sounds and
the electronic editing capability results
in a tremendous time savings. Software devel-
opment continues to enable dialog clean-up
and music editing to be performed on ACCESS.
The second system is almost completed (pre-pro-
duction model). ACCESS has become the biggest
technical advance in the Post-Production sound
editing field over the past 50 years.
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COMPUVOX"™ :

VERY LOW COST VOICE INPUT FOR HOME COMPUTERS

Bill Georgiou
MICROSIGNAL, Box 161988, Sacramento CA

Abstract
Very low cost voice input to computers can which is heavily applications oriented.

be achieved using a novel approach based on COMPUVOX is aimed at this market and pro-
sentence rather than word recognition. A sen- vides most of the performance of a speech recog-

nizer in a package that simply plugs into thetence recognizer discriminates between sen-
tences on the basis of the number and duration "home" computer and is supported by ready to use

applications software at a very low price.of words within a sentence. The actual meaning
of the words is not important allowing the user
to chose the most descriptive words for a given Sentence Recognition: A Different Approach
situation without limited vocabulary cons- Speech recognizers operate by discriminating
traints. An application where COMPUVOX performs between words on the basis of their acoustic
very well is motion control as in interactive attributes. Due to the variability of the speech
video games. In addition it can be used as a
low cost readily available sound interface to signal, acceptable recognition accuracy can be

obtained only by an elaborate software/hardware
computers for a variety of applications not package which tends to be expensive.related to speech. Microsignal, in an effort to reduce costs and

improve performance of voice input to the point
Introduction it is acceptable to the growing personal computer

The natural means of communication for market chose a totaly different approach to
computer voice input.people is speech. It is only natural to want

Rather than recognize individual words,to use speech to communicate wit computers as
well. Unfortunately it is fantastically dif- COMPUVOX recognizes sentences. Not the meaning of
ficult to get a computer to decode the acoustic the sentence which is a formidable task even for
speech signal as a human does. Thus computers state of the art speech recognizers, but its
so far have mostly keyboards. structure. If we view a sentence as a sequence

It is possible however, (and within the of words of various durations, then we can
limits of present technology) to recognize discriminate between sentences on the basis of
words pronounced carefully when they are drawn the number of words within the sentence. Addi-
from a small vocabulary and the machine is tionally, if we can reliably detect the length

of the words, our discrimination capability istrained to the voice of the speaker. Commer-
further increased.cially available industrial speech recognizers

can do very well with a 16 word vocabulary and Sentence recognition offers many advantages
cost in the range of $4000 to $70000. Besides over speech recognition. First it requires simple
their relatively small vocabulary they are hardware and software, thus it is inexpensive.
limited in that they require that: Second it is speaker independent, i.e. the

recognizer does not have to be trained to a given1. The recognizer is trained to the voice of
speaker. Training is undesirable because it isthe user. time consuming and boring and because if it is

2. The user is cooperative and tries his best not done properly it will reduce recognitionto help the machine understand him. accuracy.3. The words are spoken in isolation, i.e. Third, sentence recognition allows freedom
they do not run together as is usual in
normal speech.

of expression. The contents of a sentence can
be made to describe the function to be controlled

Despite these limitations they have been found without the restriction of a limited vocabulary.
very useful in many industrial situations. For example, the sentence "go west" is equivaten

Two companies, Heuristics and Phonics, to "go left" or "go back" or "retreat now". In a
manufacture recognizers aimed at the hobby given situation one of these may be more appro-
computer market in the price range of $300 to priate than others and the sentence recognizer
$500, offering lower performance at much lower allows for the best one to be used.
cost.

With the introduction of the low cost The Implementation of COMPUVOX
"personal" or "home" computer systems such as The COMPUVOX hardware consists of a micro-the Commodore PET or the Radio Shack TRS-80,

phone followed by an amplifier and a levela new vast market for computer voice input detector as shown in the following diagram:opens which is very sensitive to cost and
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Its output is a TTL level signal which is
"O" if no sound is present and "1" if a soundis present. The level detector is optimized for
speech detection and the sensitivity of the
system is adjusted so that it rejects common
background noises such as people talking, the
TV playing etc. Further noise reduction is
achieved by requiring that COMPUVOX is held
within 2" of the mouth while speaking to it.

All the hardware and the microphone are
packaged within a small case, approximately3"x2"xl" in size. A 3-wire cord is connecting
COMPUVOX to the computer. One wire carries the
Signal, the other the +5V supply and the thirdis the ground. Power consumption is only 25mW
and the power is supplied by the host computersince both the PET and the TRS-80 provide a +5volt line for peripherals.

The software driver for the COMPUVOX per-
forms the following operations:

1. Reject noise clicks.
2. Detect words.
3. Reject dropouts.
4. Detect end of sentence.

In effect the driver is acting as an intel-
ligent filter tuned to the characteristics of
speech. Noise and dropout rejection is very
important because without them the system is
too unpredictable to be useful. The filtering
parameters have been adjusted after tedious
experimentation to be a best compromise over
the population of users. Fine tuning to indivi-
dual voices is possible for increased perfor-
mance. This is easily done in software.

The Counter and Duration Modes

COMPUVOX can operate in basically two
modes: As a word counter and as a duration
detector. Combinations of these modes are
possible.

The information extracted in the counter
mode is the number of words in the sentence.
This can be utilized in a number of ways. To
illustrate them, let us assume a motion control
situation. This can be an actual vehicle under
voice control or simulated movement as in the
case of a video game. Direction control can be
achieved with the following convention:

1 word : Go South
2 words: Go West
3 words: Go North
4 words: Go East

Thus if we want the vehicle to move south we
say "South". To go north we may say "go north
now" or perhaps "north you go!" if that is more
appropriate. If more than four words are
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detected we have the option of ignoring the
sentence or stopping. In the latter case we
implement start/stop control as well.

Many variations are possible. To movefaster we could say a sentence that has the
Same result result as the present movement.
For example, we can arrange our program sothat if we are going west and Say "go faster"
an increase in speed will result with no changein direction.

Duration mode operation entails detectionof word length. For reliable operation discri-
mination on the basis of word length should be
attempted only on word pairs with widely dif-
ferent lengths. For example, discriminating
between "start" and "stop" on the basis of word
length will give poor results. Very satisfacto-
ry operation is possible if "start" is replaced
by "initiate" for example.

LEVEL

mike DETECTOR

AMP

Applications
The limitations of both the word recogniz-ers and COMPUVOX and the restrictions they

impose on the user make selection and structur-
ing of the applications environment critical
for success.

The typical demonstration programs that
come with the hobby speech recognizers allow
the user to train the machine to his voice and
then go through the vocabulary printing the
words recognized. While this generates atten-
tion and interest when one is first exposed toit, its novelty dies off quickly. The next step
to integrate the recognizer in an applications
environment is left to the user and it is not
usually taken. This results in an expensive
recognizer collecting dust in the card cage of
the computer. Companies that sell industrial
recognizers often spend considerable amounts
of money to identify and develop applications
software for their customers. This accounts in
part for the high price tags of their products.

The low cost personal computer market to
which COMPUVOX is addressed is even more
sensitive to applications than the hobby or
industrial markets. Immediate and tangible
uses of voice input are required in a plug-in,
ready to go package.

COMPUVOX has been designed from the outset
with an applications outlook and this is
reflected in the support software. The first
applications area it addresses is video games.It is well known that the majority of personal
computers spend most of their computing time
running games. It is also obvious that the most
successful games are graphics and action
oriented. COMPUVOX can be used to control
motion by voice in these games, much like a
super joystic. A number of such voice control-
led games are offered by Microsignal. They
require various skill levels which can be
selected by the user. Due to the unique nature
of voice input and particularly COMPUVQX, many
variations of the actual playing of a game are
possible with the same program. For example, a
restriction can be placed that no two sentences
contain the same words, making the player
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search for synonyms. Or the games can be

played in a foreign language one is learning.
This points to the potential of COMPUVOX

in the classroom, where it can help introduce
learning into playing. In addition, by forcing
the user to speak clearly and at an even pace
and volume, it may be useful in improving the
articulation skills of preschool children.
There is also the possibility it might be of
help in training the deaf, since it provides a
visual representation of sound.

Due to its low cost, COMPUVOX is valuable
to anyone that is interested in using a speech
recognizer, but is not very familiar with voice
input. It can be used as a starting point to
gain experience with voice input. Although not
a recognizer, it has many advantages and limi-
tations common to them, and can provide helpful
insight in the pros and cons of voice input.
And suprisingly, its performance equals or ex-
ceeds recognizer performance in some applica-
tions.

Questionnaire answering is another area
where COMPUVOX can be useful. By using the
duration mode, discrimination between "negative'
and "yes" is possible. These two words can be
used to answer questions posed by the computer.
By carefully phrasing questions so that only a
yes/no answer is possible, extensive
"conversations" with the machine are possible.
Going to a mixed duration and counter mode,
"yes", "negative" and "maybe yes" could be used
enhancing the choices of the user.

Non-Speech Applications
The sound detecting capabilities of

COMPUVOX make it useful in a number of sound
detection applications not involving speech.
As one example, take the case of phone call
logging while the user is away from home. By
placing COMPUVOX next to the phone, the time
the phone rang and the number of rings can be
recorded. This does not require any connection
to the Phone Company equipment. Noise rejec-
tion can be excellent by a short program that
detects the phone rings on the basis of their
duration, which is fixed.

Spacing between sounds can be accurately
determined, such as the time between firing a
firearm, and the bullet hitting a surface, or
in the case of machinery that produces rhythmic
sounds. Or the period between ticks of an old
clock can be determined to adjust its timing.
The times a baby cries during the night can be
displayed in the morning for the parents to seeif COMPUVOX is placed during the night. Or,
in general, activity of people or animals can
be logged on the basis of the sounds it pro-
duces.

'Concluston

By using sentence rather than speech
recognition, low-cost voice input is possiblefor home computers. A number of applications
and programs addressing the computer video
game field offer a concrete basis for demon-
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strating and using this mode of voice input.
This, however, only scratches the surface of
possible applications that range from voice in-
put to sound detection and measurement. Rather
than leaving the development of these applica-
tions to the user as it has been customary,
Microsignal is breaking new grounds in the
field, by an actual commitment to provide the
user with a wide variety of applications
software.
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UNIQUE PERSONAL COMPUTING APPLICATIONS
FOR ATTORNEYS AND COURT REPORTERS

by

Douglas W. Du Brul, BSEE
5681 Mary Lane Drive

92115San Diego, California
Phone: 714/583-3733

This paper presents a review and Recently a new CAT system wasupdate on two unique personal computing introduced by Xscribe, Inc. of Sanapplications for attorneys and court re- Diego, California.porters. In addition to the applications Xscribe is selling
which each can use independently, there station (about $8500 including a printer)

a reasonably priced CRT text-editing
are several which require interface com- which is designed specifically for ra-patibility across the attorney/court pid editing of the rough plain languagereporter interface. output of their CAT computer. They pro

It is rather obvious that all vide the actual shorthand-to-plain lan-
guage conversion on their equipment. Asmall offices may benefit from using unique feature of their system is thatsmall computers for accounting, sched- it reads stenotype notes optically, thusuling of appointments and run-of-the-mill word processing. I will limit my
eliminating the need for having a digi-tal recorder attached to the stenotypediscussion to two unique and lesser machine. The rough output is deliveredknown applications: computer-aided on a mini diskette.transcription and key-word indexing of

court and deposition transcripts. The Xscribe editing station is
actually a microcomputer. I would like,Computer-aided transcription (CAT) to see its capability increased to in-involves computerized translation of clude many of the functions currentlymachine shorthand (stenotype) notes to possible with general purpose micro-plain language. At first glance this computers.application seems to benefit only the

court reporter but actually it also KEY-WORD INDEXINGbenefits the attorney by reducing the
delay between the time testimony : is A key-word index, as its name
given and delivery of the completed implies, is an index to the location oftranscript. certain key words and/or phrases. Key-

word indexing can be a valuable asset to
An overview of the basic CAT an attorney, especially on large cases

process is contained in a paper I pre- involving thousands of pages of tran-sented at the Personal Computing Fes- scripts.tival held in conjunction with the 1978
National Computer Conference. It is It has been rather common practiceincluded in the Personal Computing to have court reporters prepare a tran-
Digest (1). script and deliver it to a law firm

which would then have a computer opera-To the best of my knowledge CAT tor copy or "rekeyboard" the transcriptsoftware for personal computers is not at a computer terminal in order to
available to the general public yet. place it in memory so it could be
At the present time CAT services are searched for key words and phrases.available from several firms under a Alternatively, the court reporter might
variety of arrangements One firm will be asked to have the transcript typed
lease a complete stand-alone system with a special OCR type font so that
which is capable of performing all of the transcript could be read into a
the processing required. Another firm computer with an optical scanner.
does the required computer processingat a remote host computer. Both of these approaches are

3rd West Coast Computer Faire, Box 1579, Palo Alto CA 94302 313 1978 November 3-5 f + f Los Angeles, California



by the operator. To the computer a
expens ive since one involves the use of

given word may appear as four different
costly scanning equipment and the other

words depending on whether it has an
involves having to type the same infor- initial capital letter (as at the start
mation twice Small word-processing

be used to produce hard copy of a sentence), all upper case, all
Un-systems can

records with one typing lower case or if it is hyphenated.
and floppy disk less a sophisticated program is used,
operation. Once the floppy disk record it is necessary to search for each form
has been made, it can be used to create
key-word indexes. separately.

The actual key-word indexing can
be done by the court reporting firm or, References:alternatively, the reporter could deli-
ver floppy disks to a law fi rm wishing
to do their own searching. If the court (1) "Computerized Shorthand",

the Ncc '78 Personal Computing Digest,
reporter does the key-word indexing,

pp 147.law firm could avoid the need to pur- thechase computing equipment. However,
law firm will reduce the possibility of
compromising strategy if they do their

Obviously, the two com-own indexing.
puters will have to interface correctly.

Court reporters frequently have
typing done by independent contractors

It may develop thatwho work at home.
these "transcribers" will have to ac-
quire microcomputer-based word-process~
ing systems so that they will be able
to capture their keystrokes on floppy
disks when there is a need for key-
word indexing. Their systems will not
have to have key-word searching soft-
ware since the actual indexing will be
done on the attorney's or court report-
er's computer.

Many of the available word-
processing software programs lack sev-
eral features which are important in

For instance, mostkey-word searching.
number pages during the printing oper-
ation. The numbers appear on the hard
copy but not in the digital record.
This makes it difficult to identify the
location of a key word after it has been
found.

There are at least two ways to
identify page numbers (and preferably
line numbers) when doing key-word

One is to "reformat" thesearching.
record to add page and line numbers
after the data has been entered as con~
tinuous scroll. Alternatively, a run-
ning count of lines can be maintained

A lineduring the search operation.
count can be converted easily to a
page and line notation when a key word
location is needed.

Care must be exercised when mak-
ing searches for key words. The compu-
ter will recognize a given key word
only if it occurs exactly as typed in
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TWO YEARS BEFORE THE MASTHEAD or
WRITE THE TEXT EDITOR, THEN THE TEXT or
HOW THE COMPUTER MADE ME INTO A WRITER

Jef Raskin
Apple Computer Inc.
19269 Bandley Drive
Cupertino CA 95914

September, 1978

This is an account of the intimate interaction between a human being and hispersonal computers. These computers changed his life, helped him perfect anew skill, and gave him a bit of pleasure on the way. The person is me, andI sit before ny text-editing systen, sending these words into the computer,to appear ephemerally on a screen. I hesitate, quibble over choice ofwords, re-arrange the text, make errors and correct then, and give nary athought to the complex process that goes on hidden beneath the keyboard.Later, my computer will print these words on hard, enduring paper. In themeantime, I have done far less work to produce these words than people wouldhave imagined just a decade or two ago.
My word-processing computer has become as much a part of my life as my car,
my telephone, my house, or my electronic calculator. It would be moredevastating to my life style and goals to lose the computer than it would beto lose any of these other material objects.
The computer industry, which is going gung ho these days,quite so well in 1975.

was not doingIn face, it was having a small recession. I had a
good background in computer science, but things didn't look too interestingin the industry. Programming jobs were available mostly in Business DataProcessing, Operating Systems and Military Projects. I had already done astint as a professor teaching programming at U. C. San Diego, and havingleft the golden shores of Southern California was ekeing out a living as amusic teacher in San Francisco.
I had pretty much written off the computer industry as a case of infantilesenility. It seemed to have both immaturity--no one seemed to know what
anyone else was doing, and wheels were being re-invented all the time--andat the same time was already ossifying and becoming dogmatic.
Microprocessors (and large scale integrated circuits in general) wereinjected into the middle of this depressing scene: they performed an instantcure. The industry was off and running again. My personal barometer to the
well-being of the computer industry--the thickness of Datamation
Magazine--began to rise. Thus, as soon as the Altair 8899 became availableI took my meagre earnings as a music teacher, and with a beloved friend (andhis money too) we ran off and got one.

The computer worked. The process wasn't easy, and it didn't happen right
away, but eventually the computer worked.

We then got an IMSAI, a POLY 88, an APPLE I (etc.), and ran amuck with the
variety of boards and accessories available. The main use of these
computers was to learn about microcomputers. They weren't much good for
anything else. Too little software, terrible documentation, and
occasionally marginal operation. I remember getting appreciative laughterand applause when I announced at a computer club meeting that my computer
had become so reliable I had been running it for nearly a week with the
cover bolted down.
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The manufacturersAt this point, a mission began forming itself in my mind.
Parts were missing orwere playing fast and loose with their customers.

wrongly labelled, you had to have inside information from the facto ry to
make things work, and above all, the instructions were inadequate. My first
attack on this problem was to find a wonderful little rag called Dr. Dobb's
Journal, which didn't accept any advertising, and to write articles telling
the exact, documented truth about the various products that I had run
across.

Dr. Dobb's let me do this without editorial restriction, and soon I was
their equipment reviewer. Since I was strictly truthful, there was no

potential problem with lawsuits. In fact, there were none. The best part
was that I got lots of equipment to review. Some I could even keep. Soon I

Remember, magazineswas writing quite a bit, and not getting a cent for it.
that don't carry advertising aren't likely to have enough money to pay
writers. On the other hand, I had broken in to the writing game.

But producing articles is not much fun. Testing equipment and having
opinions on this and that is easy. Learning to write down your opinions in

Itcogent form is a bit more difficult, but it comes to you with practice.
was the mechanical effort of getting my written opinions neatly typed that
stymied me. I never did like working with a secretary. I just don't feel
comfortable fobbing off on someone else something I'd rather not do myself.

On the otherEspecially dull, potentially unrewarding work like typing.
hand, I have no qualms about having a computer do dull, repetitive jobs. My

computers never even whimper when asked to do work that would soon reduce me

to a quivering wreck.

The obvious answer was to have the computer be my secretary. This is what I
did. I took my last remnant of savings and borrowed a bit besides, and with
reckless abandon I purchased the best quality printer I could find. It

I wanted to write articles and books on manyhappened to be a Qume.
subjects, and I didn't want the copy to look as if a computer had done it.
I wanted it to look like perfectly typed copy.

Soon, as in a fairy tale, everything was going fine. Every article I wrote
was promptly sold. Part of the reason, I am sure, is that they all looked
so presentable. Each one was cleanly typed, with neat margins, proper
pagination and no corrections. The computer made it possible for me,
without excessive effort, to sit down and edit carefully. I could
change spellings, re-arrange sentences, add ideas after the article had been
written--all without the penalty of having to retype everything.

The single most important blessing that the text-editing system conferred
was not speed, nor was it convenience. The most important benefit of the
system was an improvement in quality. My writing was, in fact, a lot
better for my using the text editor. I didn't have a master-slave
relationship with it: it was a true symbiosis. Or, perhaps, I was its
parasite, living off its strengths.

From using the text editor, I learned what features I really needed. Since
I was the program's creator as well as its user, I could bend the program to
my needs. Eventually, the program settled down and I formed a small company
to write documentation, attempting to strengthen what I perceived as the
weakest link in the personal computer industry. But that is another story.
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Abstract

You may wonder just how your friends
get so much software or learn so much about
computers without formal training. Perhapsyou have noticed how technical articles inthe trade journals seem to build upon previousarticles. The primary active element involvedin this phenomenon is a sharing of computerinformation among users. Often times the
exchange of ideas is done at a meeting ofinvolved users. This paper will present someof the aspects of forming a group of computerenthusiasts to share their experiences re-
garding computers. Such a group will provideyou with a wealth of information about
computers within a friendly social environment.
A Simple Approach

Undoubtedly you have one or more friendsthat you confer with over your computersystem problems. If three or four of yourcomputer friends have met to listen to one
person explain his concept of a computer topicyou have the beginnings of a local users group.Following the presentation your small group
may have some refreshments before breakingup. Most likely you will return home with a
new piece of software or computer technique totry out. Let us identify the basic aspects of
such a users' meeting:

Meeting Arrangements--one of the group called
the others and invited them to join him at
his home.

Meeting Opening--The objective of getting
together was, in some fashion, stated and anynew persons were introduced.

Technical Presentation--One of the group
explained how he had interfaced a new device
and explained the associated software to
control it. As the presentation progressed
questions were asked and comments made bythe others in the group. During the presen-tation reproduced copies of the device inter-
face description and software listing were
handed to the group.

Computer Products--Since each day a new pro-duct for the home computer market is intro-
duced, one of the group discussed his
research of the new product that may be useful
to the others.

Social Hour--After all the involved technical
material the group relaxed while the host
served refreshments.
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Next Time--Because this group was so involvedwith their computer hobby they decided tomeet again to share more information.
As you can tell by the description a localusers group meeting took place--simply andeasily.

Needless to say with so many computerhobbyists around such a small meeting could
rapidly grow. The basic meeting elementswill not change but a little more planning and
organizing is required. A meeting of com-
puter users need not constitute an official groupsince user interface may be primarily througha newsletter subscription, or a combination ofboth. The following paragraphs present theconsiderations involved in organizing a groupof local computer users.
Orientation

The objective of such a computer users
meeting is to share one's own knowledge and
experiences of computer systems with others
who may not yet understand the system. This,of course, provides self-esteem, a key psy-
chological requirement in a group. Also, such
sharing certainly provokes others to sharetheir knowledge and experiences. Additionallythe presentation of two items of information
often times results in a synthesis providing athird and different item of information. For
example, development of a syntax analysisroutine along with a dictionary routine might be
put together to build a compiler.The collective of computer users can often
provide the resources necessary to solve a
problem not easily solved by an individual.For instance, one user may use a particular
type of terminal and another user a particularCPU which when interfaced could determine
the solution to a data communications problem.Or, you may just need the ideas from several
other enthusiasts to formulate a solution to
your problem.
- [A users group does not make

sense without user involvement]
Likewise, individuals in the group may be able
to contribute a mail listing program for
distribution of mail to the group members.
Economically, the formation of a group of users
makes sense because products may be pur-
chased by a group cheaper and a single soft-
ware purchase may be shared among the group.An objective of a group may include one or
more services such as publication and
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distribution of a newsletter and/or mainten- - (Apathy is the worse enemy of
ance of a software library. In particular, a a volunteer group. Enthusiasn
formalized users group can often arrange for is a group's greatest asset.]
technical experts to make presentations to the Now that some awareness of individual
group as well as sponsor training seminars. users has been brought out and objectives

Thus the formal orientation of a group of made clear where does one start to organize a
users is any objective which, by definition, group of computer users?
must meet their needs. Before I describe
the technical aspects of organizing a group of Where /How to Start
users let me reflect on the individual user who
would make up such a group. Why organize? It would be nice if the

interface of all people just fit together to arrive
The User at the desired goal. Since this is not the case

in the real world someone needs to plan the
The objective for most users of hobbyist sequence of events. Any organization is

computer systems is to solve their problems predicated on an agreed-upon group objective.
and enhance their software /hardware to per- This may come about through an informal con-
form more complicated tasks. The success versation with a few friends with a common
of a users group is dependent upon under- computer interest who decide to interface
standing the member user's perspective; the among themselves in the future. The user
perspective is to solve his problem in a simple interface may manifest itself through a meeting,
expedient fashion. If a users group can newsletter, software library, or a combination
meet this requirement both the user and the of each. The user meeting is one of the
group will be a success. easiest to start with since people like to

The contribution a user makes to a users socialize, especially around a hobby. The
group depends upon his participation. Cer- particular subject matter may be around a
tainly a user's expertese and experience special interest such as word processing or a
will allow him to participate easily in technical particular vendor product, or both.
functions. For the novice user participation An effective method is to get a few "key"
may bbb in the areas of administration and friends involved who you can count on to at
support of the group functions, such as main- least carry out an initial meeting of users.
taining mailing lists. Together a users group Make sure the communications between the keycan function. The novices will advance to the group is free and easy since a time lag and a
experienced levels, the experienced to bigger hinderance of communications can postpone
systems, and new users will join at the novice activity and dampen any enthusiasm. The
stage. next item of business is to establish communi-

The most important user attribute to pay eations with other users.
attention to in a group is the user's attitude A first meeting in a home or local school
Since most groups of users depend upon classroom facilitates easy arrangements and
volunteers to keep the group active particular control. By organizing the basic meetingattention needs to be paid to keeping the aspects described in the opening of this pre-
atmosphere around the user's involvement sentation your meeting will be a success.
positive and self-satisfying. The dedication
of a user varies over a wide range as does his Depending upon how ambitious the key group is
sensibilities.

the meeting advertisement may be by word of
Recognizing these traits and

For the most
mouth or a formal, mailed, invitation.

managing them can be an asset. If the meeting sparks some interest and apart this involves common sense, common definable need to interface among users in thesense, common courtesy, being observant, future exists then a more formal group may beand giving recognition. organized, although several meetings may takeA user's expectation is easier to meet in a
volunteer organization than in a commercial

place prior to serious organization of a group.
organization. In the former the user is

A key to a successful first meeting is to
arrange for all attendees to return home ausually intimately involved and the destiny of "winner," that is, make a contribution to thehis expectations is a function of his own effort. user's future success. Such a "prize" may be aIn the latter the user always expects more when software program or inside information on ahe is paying money and is not involved in the

"product",
vendor's product. Before the first meeting has
adjourned the next meeting or user interfaceWatch out for users who promise a great mechanism needs to be planned and volunteersdeal but contribute little. It is difficult to designated who will implement it, thus theprevent users from taking advantage of a next "key group is formed. Note, if there arevolunteer group for their own ends; on theother hand, there are most likely one or two
no volunteers either abort the group organi-zation or be prepared to perform a GREATindividuals who contribute a great deal. While deal of work.it is impossible to satisfy the latter's desires For the first meeting keep expendituresor repay them, public recognition is most and meeting operations to a minimum. To offsetfulfilling. Psychological satisfaction is often an any dollar costs collect a donation at the door.important and satisfying reward. An alternative is to find a sponsor such as a
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Product manufacturer or retail store whoseinterests are served by such a meeting. Most
to the members and collect brief comments;

likely both seed money and manpower for the
such a device can be made available for

first meeting will come from the "key" group.
communication 24 hours a day, unattended.

Thereafter a more formal mechanism for funding
If the expectations of member users areto be met then mechanisms for user feed backand incentive for manpower needs to befound. Some ideas will be discussed later.

need to be devised. This may take the formof questionnaire or telephone campaign. Keep
Communications in mind that talleying responses and performingan analysis on the results may overwhelm the

During the formation and subsequent
uninitiated; so keep responses very simple.

operation of a users group the most important
Also, keep in mind that the number and

element is communication . accuracy of responses is directly related to theIf those in the complexity of the questionnaire.key group do not relate their problems and Again, keep
Successes plans are difficult to make, let

the questionnaire short and simp]e. It is
alone adhere to. Likewise constitutants of

better to have several short questionnairesthan one long one.
not receive some form of communication from
the group probably will not respond if they do If your group warrants it, effective

communication may be supported by clericalassistance; it is well worth hiring a professionalmember communication the greater chancefor group success.
The information that must flow in a tech- course, micro computers, simple printers, and

nical organization is tips, techniques, hints,
an elementary text editing program can serve

kinks, along with meeting times and places.
as a secretary (except for spelling).

Handling the information flow andCommunication needs to take place as often as keeping it moving is important since newsletternecessary. This means if you communicate editors thrive on new items and the key groupwhile you are thinking about it the link is made needs the information to formulate plans toand progress can take the next step. A support the group. A central address andnumber of simple and easy acts of communi-cation can build an effective network,
desk is useful for this purpose. Information

[Lack of effective communication
must be appropriately redistributed in a
timely fashion as well as just accepted. The

groups.]
has been the downfall of many formal information flow by mass mailingsrequires some serious thought. The keyDifferent requirements dictate different member responsible for mailing needs to bemethods. For instance, the post card or noteis easy and quick especially if mailing labels

aware of the considerable effort required to
are already printed. Letters are more

stuff, seal, address, stamp, and mail a large
formal but do show more thought for a pro-

set of letters not to mention printing. Thecost of mailing can be optimized by planningfessional approach and they serve as a good the weight just below a postage price break
actions.
audit trail so new ideas can build on past and photo reduction techniques.

With the advent of word/text processing onThe newsletter of course is a more formalbut easy eay to communicate with a number of
micro computers the tasks of producing

users. However, a newsletter requires
mailing labels, letters, etc. are easy. Even

a dedicated volunteer and considerable user computer data communications can be used
most effectively to get users to contributecontribution. Special publications are very articles; it is easy for a computer systemuseful since they are specific in nature and editor to "type" an article.usually treat technical material in-depth.Such a publication results from the dedication The Users Meetingof a very few users but unlike the periodicnewsletter it is usually a one-time task. Both of

these methods of communication can be very
Computer users need to get together to

effective and simple to produce. These
discuss their successes and problems of their
systems. In most instances a local group canpublications may, however, be quite formal have a very successful but simple meetingand require a complex publishing operation. by considering the items discussed in theThe most effective newsletter/publication introduction of this presentation. Consideris not necessarily the "slickest, easy and the aspects of a more organized meeting; thesesimple techniques for production of these

items is found in the literature [1]. appropriate.
concepts apply to the small simple meeting where

The telephone is quick and easy for most
users. While it is difficult to communicate

There needs to be a central managing
committee to insure consistency and follow-

many details over the telephone this instru- through before and after the users meeting.ment is very effective for directing a group of Be very aware of the effort required by eachusers by the key group and receiving status committee member; each member should commiton activity. An automatic answering device themselves in a formal manner as a waranteecan provide an easy method to communicate on didication to complete the job. Make sure

the key group. The greater the individual
secretary part time for typing tasks. of
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mechanics necessary to publish them. Forall meeting tasks are well defined and assigned.
The magnitude of each task needs to be evalu- local group meetings a simple Xerox repro-
ated in light of the committment made by a duction or offset printing will suffice for hand
committee member to perform it. outs at the meeting. Attendees seem to like

even the briefest of descriptions on paper.[Large meetings supported by weak
Vendors can often be a great source ofcommittees can turn a meeting

to chaos.] support for a users meeting. They may even
Smaller informal user meetings can take place be willing to sponsor or underwrite costs,
often at convenient times such as over lunch refreshments, facilities, . provided they can
or in the evening. However, the larger display their wares. This approach works

even on a small scale by contacting a vendorfull day meetings require planning a day when
salesman.there is a minimum of conflicts with member

users. Multiple day meetings should be
avoided due to accommodation problems, Software Library
competition for a member's time, and user
saturation levels. The location of a meeting All computer users like to get a hold of

another user's software contribution but oftenshould be central to the group; however,
does not have time to contribute himself. Anspecial locations are attractive. Depending

upon the budget and nature of the gathering easy rule for this situation is, tit-for-tat, only
meetings are easily arranged in hotels, those who contribute have access to the other
schools, homes, or vendor facilities. The city contributions.
to hold a users meeting is most likely obvious The form and format of a software contri-

bution must be simple and easy but consistentfor a local group of users.
Economies are always difficult for local so a user can easily compare and search for

groups since "seed" money is often lacking; entries. The quality of contributions is
asking for pre-registration donations, fees difficult to maintain but if the user has
or vendor contributions can be effective. documented his source code well, and provided

a working example and a simple user's guideClub projects to raise money are also effective.
The larger the meeting the more difficult to then the recipient should be delighted.
budget since all cost factors must be analyzed Assuring quality is very time consuming but
and serutinized since profit margins are very a minimum quality can be maintained if the
narrow. A simple meeting fee is to have each examples can be proven to work easily.
member contribute a fixed amount towards a Collection and distribution of software
single budget item such as a meal/refreshments. library entires needs serious thought. The

Since the computer field is expanding at media is the first consideration (sloppy, paper
a phenomenal rate there are a great number tape, etc.), organization of supplementary
of resources for technical presentations. The documentation second, and third (but most
simplest and easiest is the group membership; difficult) how to get the job of reproduction /
many computer hobbyists have a speciality distribution done. There are many approaches
topic he/she could discuss. The meeting but the more the contributing user does
committee can be very helpful in encouraging formatting and testing his contribution the
a user speaker and helping him prepare. easier to collect and organize the software.
Vendors of audio visual equipment often have Indexing a software library is not easy but a
booklets on making technical presentations. permuted title index is one easy method,
Vendors and universities are two good sources provide each title is meaningful.for speakers. Keep in mind any audio visual

It is oftensupport required by speakers. Managing and Administration
enlightening and fun to have a special speaker
during the meeting talk about a non-computer For small local groups this aspect isrelated topic; it relaxes the minds of the relatively easy since the atmosphere is informal
listeners. Be sure to recognize the speakers and activities are minimum. As the group growsin some manner; a free meal ticket is usually a serious effort on the part of the leaders
easy while a speaker's gift is nice. In any needs to be put towards the business aspects,case send a letter to each speaker before and i.e., the transition from a "club" to a
after the meeting to give him meeting "business" is considerable.
particulars and thank him. A key to a success- Two key considerations for leaders of
ful meeting is to give sufficient lead time for the group are:
users to plan to come and speakers to prepare; 1 How to best meet the needs and
plenty of mailings help. Each potential expectations of the users.
attendee should be made to feel that if he/she 2. Volunteerism and getting the
comes to the meeting they will return home a tasks done.
winner and a greater success. When hobbyists become involved and passionate

Proceedings and technical papers require towards a group they may tend to show
a definite dedication on the part of a meeting emotion and be sensitive to personal reactions.committee. Remember each submittal needs to That is, leaders need to pay attention to be
be edited and evaluated not to mention all the sensitive to personal politics enough to make
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most of the users successful most of the
time,
--([Cater to active enthusiasts since

they are the heart of a users group]
Unfortunately the family related to the
hobbyist may suffer and account should be
taken of this fact and some recognition or
activity planned to involve them. An
individual's contribution to the group can be
adversely effected by his family.

Administration of a larger users group
requires establishing a well-defined objective,
a guideline for operation, and specificationof particular services to users for particular
prices.

Summary

Becoming involved in a users group is
a learning experience. You must realize
that while you will gain a great deal of
information your rewards will never match
your contributions. There is, however, a
great latitude for self satisfaction. The
alternative to involvement is stagnation, an
unchallenging position. If you do not belongto a group of users then join one or form your
own, it is easy and simple.
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Your Vomnuter tay speak, van

Jeffrey Ke Wise, Student csU Chico
Bradley Hall Box 899
Chico, Ca 95926

Abstract
As the popularity ot small computers increases more people will want

to know about them, in various levels of technicality. You, as a relative
expert on the subject, will be expected to share your lmowledge ot hardware,
sottware, or applications. rhis paper will attempt to ease the fear that
many people have about sneaking by covering topics on the voice, delivery,
geatures, stage fright, sneech organization, wording and styie, visual aids,
how to listen, audience analysis, how to detect boredom, and how to correct
the situation.
The Voice 1 aamit that intiection is

not ALL that easity taken care of.
athe voice is the primary means speaker may take a

communications in interpersonal sit- vhrase and make it mean an-
vations. In small groups, you speak ything he wants.
and are not self-conscience ot vour It is likely that you have bet-
speaking, it is only when you stand ter insight into your voices volume
up before large grouns that you be- than its pitch. Maybe you have been
come nervous. Is my voice pitched told that you have a vigorous or
too high or too low? Is it loud e- boomming voice or that your voice
nough? Am I going too tast or too is so soft that neople have to strain
slow? Is my voice grating on their to hear it. If you are not sure that
nerves? 'these and others are under- the peonle in the back row can hearstandable and will be answered soon. you then @sk tnem. it your .voice is

to study your own voice, it will not heard then speak so ioudly that
be necessary to use a tape recorder. 1% seems as thou you are shouting.vick @ selection you like and read rne secret to this is to speak tromit "hile recording. on finishing, diaphragm, 'his means using the stom-
play it back. Believe what you near. ach, not the tnroat. Ideally, youIv wisi mot sound Lixe wnat you vnink should visit the room or hall that
your voice sounas like because you you are going to sveak at and try ithear » mix of your true voice and out, take it out for a spin, so tovibrations from your vocal folds by speak. Have a friend in the pack to
way of bone conduction. listen and advise you as to the vol-

Now that you have listened to ume of your voice.yourself, there are two items to Now that you have the vo.umelook for concerning pitch. Number needed, attention must ve paid to tneone, is it within normal limits? variation of the volume. some 1aeasFor @ male it is C below middle C, must pe expressed with more vigorFor women, it is & sharp below mid- than others. Ail or you are capabledle C. the range is plus or minus OI great volume, it just takes prac--two or three notes. tice,the next thing to listen tor isthe intlection ot the voice. 'rhe
Tne duration or rythm oz yourwords have @ great impact on the waythree types of inflection are the people Listen to you. tf there is onerising tone, fatling tone,and the piece or advice that coula pe givencircumtiex. fhe rising intiection to a new speaker, it would be:shows question or suprise; really? DOWN I}You are? Falling inflection shows

SLOW
You shold pause to let yourcertainty, tinality, and other as- audience adsorb what you have said,sertive emotions. Circumtlex intl- to take a deep breath, or simply toections have patterns or rise-rail- help you slow down. this also addsrise or tall-rise-fail, showingdoubt and hesitation, a great deal of emphasis to yourideas. Use those pauses.
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The rourth aspect of the voiceis the most difficult to describe. Itis the quality of your voice and a~rises from the harmonics of the voice
and can be called hoarse, harsh,shrill, nasal, dull, rasping, rich,or resonant, among other terms. Ir
your voice is not as pleasing as youthink it should be then one of the
books that I have listed in the pack
of this paper,
Nervousness

All of you have probaply heard,at one time or another, that all neo-
ple, regardless of their experience,are nervous when they speak. 'this is
true but it does not do you any good.
what you need to know is the tricks
of coning with this stage fright.

The first idea is to be pre-
pared. ''he bevter preparea, the less
you nave co worry about. 'he secondtrick is to think about the ideas
you are going to communicate, not a-
bout yourself. "hird, be organized,
Fourth, realize that you can succeed.
Yhe last and best idea is to prac-tice, practice, end practice. Thatwill help you more than anything.
Delivery

Delivery is the art of non-
verbal communication and it is very
important to the new speechmaker,.

There are very few hard and
fast rules for speaking and one of
them is: Look the audience right in
the collective eye. this has two
effects. One, it adds sincerity to
whatever you are saying. How many
of you would buy a used car from a
person that could not look you in
the eyes? Even if you can not see
the audience because of the lighting
you know that they are out there. You
can hear them breathing. The second
thing about eye contact is that it
allows you to watch for audience re-
actions and I will explainthat la-ter.

fhe face expresses quite alot
of what we are really thinking. Itis also seen very well by the aud-
ience and should be covered. It can
be in one word: practice. It also
helps if you believe what you are
saying. If that is the case then
the facial expression will take care
of itself®
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the body movements can be
a nowerful aid or detractor of the
speaker, depending on how it is
used. Body moves should be very lim-
ited. No not nace, bob, weave, shift
from foot to foot, told your arms,fiddle with your glasses, or any=
thing that calls attention to its-elf. On the other hand, do not
freeze on the podium. You can take
a stev back or forward as you em-
vhasize points. Turn your body as
well as your head to look at other
peonle. In essence, make only pos-itive, purposeful movements,

The same can be said for the
hands. Make your gesture and return
your hands to your side. As for the
other parts of your body, the rule
holds. You can shrug your sholders,lift your eyebrows, and, in par-ticular, smile. If it helps ex-
press what you want to say, do iti
Speech Organization

Speech, like Gaul, comes in
three parts. The first type is fule
ly written, as thou it is to be pub-lished. With such a speech, yau heave
two ways of delivery. The tirst is
memorization. This is alright for
actors but not too good for pub-lic speakers. It sounds too stil-
ted and the speaker is unable to
adjust well to the situation. The
second method is to read it. This
has the same objections as the
memorization but can be used if
accuracy is a must, as in polit-ical or scientific speechs.

fhe. second method is the expem-
poraneous. This is the method of
having an outline and almost wingingit by filling it out on the spot.
This is highly recomended because
it allows you to adjust to the re-
actions of the audience. Don't
worry about freezing up on stage,
practice and it will come naturally.

fhe last method is the im-
promptu. The thought of totally
winging it, that is with no preper-
ation. the only real use of this is
in forensics tournaments.

three is a magic number in

parts; the introduction, the body,
and the conclusion.It has been determined by
studies that a speaker will lose
his audience early in his speechif it does not catch on. The meaning
is clear: The introduction must
grab the interest of the group 4s

speech and any of the above speech
types can be seperated into three
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it progresses or the speaker will be
lost. 'the second nurpose of the in-
troduction is getting on the good
side ot the audience. This invol-
ves establishing your credibility,
removing misconceptions on the sub=
ject ot the sneech, and getting on a
common ground with the listener.

kules for the body are very
tew end vague. Basically the main
ideas should follow a carefully con-
sidered order and you should repeat
the key ideas often. 'this also means.
that you should not try to cover too
many items unless they are easy to
understand.

'the conclusion should be a ree
statement of what you have said. in
essence, say what you are going to
say. say it, then say what you said.
Style and Wording

the basics of the style can be
condensed into nine maxims:

1. The information must be
relevant to the audience.
2. 'he information must be pre-
sented in a new light.
3. The information will be
more readily adsorbed if
presented in a startling
manner'.

4. Present the information in
a humorous manner.

5- Associate the information
with something the audience.
6. Relate the information
visually, it possible.

Te Repeat the information by
repeating it or restatement.

%. Present the information in
an organized manner,
9. Do not ramble, that is be
concise.

As for wording, you must be
accurate, specific, concrete, anduncluttered. In essence, choose the
words that present your ideas in the
most clear manner with as little pos-sibility for misinterpitation aspossible,

You must not be too dry, thou,in your choice of words. Vivid -

begins with a vivid thought.The se are hard to come by and thereare two ways, that I kmow of, to de-
velop vividness of speech. 'they are

324

the verbal image, describing a nic-
ture in words, and the other is to
express familiar ideas in an new
way. This uses alternate meanings
ot a word and, like anything else,
needs vractice.

"he choice of words and the
expression of ideas, however, has
one large guiding light: the aud-
ience, Analyze the audience, as
in the later section, and you will
be set in the major constraint of
your sveech,.
Visual Aids

You have to be very careful
with these. they have to be large
enough to be seen by all in the room
and seen well or they will ignore
you. Another difficulity is for
the speaker not to talk to the
visual aid. 'lalk to the audience,

When the visual aid is unvailed,explain it. Tell the audience whatit is when it is shown or the aud-
ience will try to figure it out
and not listen to you. the same
goes for handouts. when they are
handed out, give everyone time to
read or look it over before you
resume speaking.
How to Listen

listening uses energy. Sit up
and pay attention. Don't slump in
your chair or told your hands like
you are challenging the sneaker to
teach you something against yourwill. Be an active listener and let
the speaker know that you understand
him py nodding your head or smile
when he makes a joke, and so forth,

You should listen to the itemsthat have been covered already.Listen to the voice, delivery, ges-tures, organization of the speech,style and wording, and visual aids,think of how you would do it. watch
the audience, see it it is bored and
how the sneaker corrects it, if at
@11. Watch and learn.
Audience Analysis

the level ot technicality andthe topic itself, it you get to
choose it, will depend on who youare speaking to. 'the nature and ex-tent of the audience's knowledge -ofthe suoject must - be - taken into ac~count. This governs the techni-eality of the subject.Interest of the audience inthe subject is important in how
you must approach the subject. why

the

78 Nov 3-5 Loa Angeles, Cal.



3RD WEST COAST COMPUTER FAIRE

are tney here to listen to you? Are
they there by choice or by force?hese auestions will heln you de-
cide what approsch will be the best,

There are many other factors in
the analysis of an audience but theyare not important in an informative
speech. If, on the other hand, youare trying to convince someone of
some ideas validity, you had better
read up on vursuasion.
Boredom

Boredom, the bane of speakers,
must be avoided, but first, how do
you know that the audience is bored?

While you are keeping eye con-
tact with the audience, look at what
they are doing. Are their eyes on
youvor are they looking around? Have
they stopped reacting? Are they mum-
bling? When you are bored, look into
yourself and see what you are doing
to show the speaker that you are bor-
ed's Once you know this, you can look
for it in the audience.

Correcting this is not as easy
as it is to detect it. 'ry to speed
ur or change your volume or tone.
voss in a joke, it you can think of
one that is appropriate. If the
speech is to go on for much longer
you could let the audience get up
and take a break for a few minutes.
In essence, change whatever you are
doing and it will help.
Conclusion

It is hoped that this has de-
creased some of the fears that you
have about speaking. All that I can
say is that you should go out and
speak. Practice makes perfect in
all fields, including speaking.If you have no speaking ap-
pointments then write any speach
on any topic of interest to you
and deliver it to your tape recorder
and watch yourself in the mirror.
Or get Vital Speechs from your li-
and to look at the style. Study the
masters and learn.

As for delivery, watch Billy
Grahm or listen to other public
speakers and practice. And good luck!
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USING FUTURES RESEARCH METHODS TO ASSESS POLICY IMPLICATIONS OF
THE PERSONAL COMPUTER

Paul GrayGraduate School of Business Administration
University of Southern California
Los Angeles, California 90007

ature industry, such as steeler it is often sufficient tocurrent trends to forecast thefuture. A sophisticated analysis may takeinto account foreseeable changes that could
impact an industry, such as demographics.Such simplistic approaches are not adequate

1 « Market survey2. Market model
3
- Scenarios
» Delphi Inquir5. Cross-Impac{anaAnalysis

We will discuss each of these in turn.
Market, Survey

for personal computers. The basic questionsare designed to find out about the
people

: at what price level
a set of scenarios is devel oped

@.g., programming skil are they willingto put into it? If they have a personalcomputer are they planning
§

to upgrade it?
survey is fairly conventional.The main use of the market survey is asinput to the market model.

pred cting the sales of large-ticketconsumer products that are purchasedinfrequently. The model has been validated
It has been extended in recent yyears andinteractive versions are available. Themodel argues that there is an initial floodof buyers for a new product who purchase theroduct to be "first on their b ock." This8 followed by a growth in sales over aperiod of time until some maximum isreached, after which sales decline. Thegeneral form of the model is shown below:

Policy
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The Bass model requires the followinginformation:l. The fraction of people whowill buy the product when it comes
2.
on the market p.The number of initial

the life cycle,The number of previous buyers,
. A "coefficient of imitation"

which, in effect, represents theressure to buy because peers have
ought, q.In equation form:

for dynamic industry such (t)
personal Zomputing. paper, we willdescribe the approach bein sed at thelifornia toevaluateUniversity of Southern

the of the personalfuture
computing industry. has five components: S(t) = pm + (q p)y(t) -q/m(y(t))2

The approac

Scenarjos

1. Consistent
2. Possible
3 - Plausible.

one, two or three parameters are varied andconsistent scenarios are developed forpossible and plausible combinations of thesearameters. As a first example, considerhe three scenarios based on different

cenarios are a convenient
to telsionofcommunicating overall results

makers. They fupresent verbal descriptionsof alternative ures that can be used for
analysis. The three basic criteriaor scenarios are that they be:

designed to measure the being
undertaken ismarket surveyexten of the market

w ch cover aoff
any)

would "scenario
buy

space.' That
hey

What
use How much effort

annual sales levels in
1983. for personalreplace it with unit

having greaterCapability? The approach of market computers as shown in Table
Delphi inquiryThe scenarios show in Table 1 arefirst-order, speculative cuts at the
realistics, expert opinion is needed. One

eliminating he "jury room" effect that is
one voice to dominate and persuade theothers that their opinion is correct. In a

best estimate for the ofoccurrence of events and values oftrends over a time horizon. An event is aSingle occurrence (e.g., issuance ofStandards for personal computer hardware)

Market
ss model developed in 1969

problem. To make these scenarios more

be belphi inquiry The
Frank bass at Purdue is the basic mode of obtaining such opinion is through ased. This modél is designed for develo

peddes
elmer

Delphi
Dalkey at ocess

Corp.
and

whole
machines

consumer roducts such observed when

ed to obtain consensus while
he RAND

Tor
as washing color television etc. put singleroup of ex

poresroom. Tha is,
Del phi eerheyquestionnaires are sent tothe pane are asked to give their

whereas trendvalues (e. ce index, annual production
an ongoing sequence of

Since
of person om

ectconsensusinvolves several
the

is to obtain
iferations The

rocess t icall
responses by the Deland the median panel are analyzedues fed back to theThe participants are askedwhether they want to change their responses
participants.

than the median, they are asked to state
they Feeltherthe

based
inputs

u
tPat

these medians andatcorrect timate should be far different
the may have. If

Time
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TABLE 1

1983 CROSS SECTIONBASELINE SCENARIOS

A B

Annual Sales (1983) units 100,000 500,000 1,000,000

Hardware cost/system
(1978 $) 2,600 500 250

Memory 64K 512K

BASIC Some precodedProgramming Skill All precoded

Regulation High Little None

Standardization Little. Some Full

Major Use Hobby Business Home & Business

Software Protection None Sone legal Mass mkt & Regulated

Connectivity Some Full Metered

Keyboard limited] Voice,some keyboard
User Interface Keyboard voice light pens

Losses due to PC
Crime ($M) Minor 10 100

Primary Hardware TI
Similar to '78 DEC. IBM/Exxon/NEC

Producers dominate dominate

Primary Mass High densitycassettes Bubbles
Storage

tape floppies

State of Economy
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their reasons and evidence. If no consensusis reached after two rounds, additional
rounds are run with the responses from the
outlyers also fed back. This feedback

reliable estimates. Tables 2 and 3 show
some preliminary events and trends which

is completed.

has, over the years, been shown to
convergent and give relatively

will be used in te Delphi inquiry whichwill be undertaken after the market survey

e nex ge sophistication
beyond analysis. The Delphi estima es
ased on "all other things being equal."

However, all other things are not equal. An
event either has occurred or has not
occurred. When it occurs, it can affect the
ehance of other events occuring and it canaffect the value of trends. For example, if
IBM were to enter the personal computer
market, many other events and trends (e.g.,annual sales of personal computers) would beaffected. In cross-impact analysis, thefirst order effects of events and trends on
one another are analyzed.

The purpose of cross-impact analysistypically is to guide policy makers on whattodo under various contingencies. Public
policy can be used to make some events occuror not occur and to change the va ue oftrends. For example if the were
to require registration of al and

icy Delphi af alysis is cross-
impact are

impose an annual license fee, the sales of

At the initial phase of our work, we

oss- impact analysis allows investigating
erson computers would be affected.

icy actions.
have identified a number of policy areas and

privacy'hr
an the effects on small businesses,
e results of the Delphi inquiry and

additional realism and to communicate to
policymakers the implications of variouspolicy options.

the effects of

issues for consideration. These areasinelude in order ofnotin
Pecommun cationseducation, ards, effectsstan onte istration crime,software protection nd software warranty,

the cross- im et andpolicy analysis 1 befed back in the scenarios to provide

Conclugionsthis paper we have brieflydescribed the approach being used to assessthe long-range dimplications of personalcomputers. The series of steps involve amarket survey, a market forecast through useof a market model, development of scenarios,Delphi inquiry and cross-impact analysis.The end objective is policy analysis thatcan aid public policy decision makers in
ppropriately with the personalcomputer

dealing industry.
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TABLE. 2

INITIAL LIST OF EVENTS

IBM or CDC or Sperry Rand-size company enters the Personal Computer
Market.

1.

2. HP/TI/or other. large calculator company enters the Personal Computer
Market.

32-bit address register is introduced for personal computers by one of the
top four producers.

4. Japanese (or Europeans) enter the Personal Computer Market in United
State (as major competitor?).

5. *Passage of a law requiring registry of personal computer ownership.

3.

6. Occurrence of economic slowdown (GNP growth less than 2.5% annually).

7. Establishment of a low-cost computer conferencing system specially
designed for personal computers.

8. Establishment of a national information retrieval network for personal
computers. (Does Dow Jones qualify for this?)

Issuance of comprehensive standards for Personal Computer hardware.

10. Issuance of comprehensive standards for Personal Computer software.
9.

11. Establishment of a network of personal computers in a comunity (city,
region or state) for polling voters on public issues.

12. Development of pirate-resistant software for minicomputers.

13. Legislation requiring open and public access to all data files kept
on personal computers.

.14. Establishment of a subsidy for personal computer ownership by low
income people.

15. Flat screen for TV and personal computers.
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TABLE 3
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INITIAL LIST OF TRENDS

1. Cost of Apple II capability personal computer (1978 = $1200).

2. Annual dale (number of units) of personal computers total

3. Annual sales (number of units) of personal computers to businesses
($5,000 or less, $10,000 or less, $15,000 or less).

4. Number of personal computers used in elementary and secondary education.

5. Number of people who can program in BASIC or more advanced computer
anguage

6. Number of crimes committed using personal computers.

7. Number of new jobs created by personal computer industry and by industries
created through personal computers.

Number of people-days lost because of brownouts and blackouts.

9. Number of people who can be reached by electronic mail.

10. Number of people who substitute communication for transportation.

11. Number of homes using personal computers for complete monitoring
(temperature, on-off, energy consumption, burglary, etc.).

12. Number of personal computers exported by the United States, destination
countries.

Number of personal computers imported by United States, source countries.13.

Cost of application software14

15. End user cost of volatile storage

16. End user cost of displays
17. End user cost of CPU

18. End user cost of modems
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"The Current Situation of the Japanese Microcomputer Products, Market, and Hobbyists"

Toshiaki Yasuda, Professor
School of Telecommunication Engineering,

Tokyo Denki University,
2-2 Kanda-nishiki, Chiyoda, Tokyo, Japan 101

Summary

This paper refers to the current situa-
tion of the Japanese microcomputer industry,its market size and computer hobbyists.
Between the West Coast of the U.S. and the
Japan Islands, there lies the Pacific Ocean,
which also leads to San Francisco Bay be-
tween Berkeley/Oakland and San Francisco/Palo
Alto. As if to symbolize this linkage by
the ocean, microcomputer market is very active
in Japan as it is in San Francisco Bay area,

Just as there are Bay Bridge and San
Mateo Bridge in Bay Area, so between the West
Coast and Japan, communication means such as
the satellite international communication
line, coaxial cable, ham radio, mailing sys-
tem as well as the jet airplane flying this
route in less than 8 hours. The Japanese
microcomputer industry is trying to contribute
toward the further development of microcom-
puters in cooperation with the West Coast's
counterpart. There is a language barrier
between the West Coast and Japan, but fortun-
ately we have the computer language as our
common language. The author firmly believe
that our mutual cooperation in this field by
taking full advantage of this common languagewill make for even more development of micro-
computers.

History of microcomputers in Japan

It was in the spring of 1972 that a
microcomputer was employed for the first time
in Japan. To be more specific, it was when
two kinds of microprocessors, known as Intel
i~4004 and i-8008, were imported to Japan for
sale. OEM showed much interest in 1-4004 as
component parts for high-class desktop ele-
ctronic calculators and i-8008 as sequence
control equipment.

In the summer of 1972, NEC and Hitachi
Ltd. developed their own microprocessors and
put them on the domestic market. NEC develop-
ed 4-bit and &bit types, while Hitachi
developed a 4~bit type, and all of them were
of the PMOS type. So far as the domestic
market is concerned, however, they failed to
draw as much attention as Intel products.

Since around 1974, demande for micro-
processors in Japan have shown a rapid in-
crease as the import of microprocessors
manufactured by U.S. makers including Intel
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is on the increase, and new products such as
1-8080A, F-8, PACE, SC/MP, M6800, 6502 and
PPS-8 have been announced in succession.
in addition to their own developed micro-
processors, Japanese semi-conductor makers
also explored the possibility of manufactur-
ing such U.S.-made products popular in Japan.
As a result, they began to launch the second
source production of U.S.-made products.
To begin with, NEC started the production
of 18080A and 1-4040 and their family LSI
under agreement with Intel, and then Hitachi
Ltd. and Fujitsu Ltd. started the production
of M6800 and its family.

Thus,

After the second source production of
4-8080A and i-4040, NEC is, in principle,
continuing the production of Intel's sub-
sequent products such as the 8085 family.
Following Hitachi Ltd. and Fujitsu Ltd., the
Japanese makers engaging in second source pro-
duction under agreement with the U.S. makers
are on the increase as shown below:

1) Intel i-8080A
NEC, Mitsubishi Electric Co., Oki
Electric Co. and Toshiba Electric Co.

2) Motorola M6800

Hitachi Ltd. and Fujitsu Ltd.

3) Rockwell PPS

Sharp Co.

4) Zilog 2-80
Sharp Co.

In general, the U.S. products had drawn
much attention from 1972 through 1977, but
since late in 1977 those microprocessors,
mainly of 4-bit one-chip type, developed by
the Japanese makers, have come to find a
large market.

The Japanese microcomputer market

Since 1972, microcomputers have been
applied mainly to electronic cash registers
(ECR) and automatic vending machines, and
then since 1974 to POS 'terminals and intel-
ligence terminals. Since 1977, they have
found a large application in overall control
systems and medical information systems.
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From early 1978 on, they have come to be used 4) Fujitsu Ltd.
widely for color TV receiver sets, FM receiver * MB8861H/E/N (M6800)
sets, cassette tape decks, microwave ovens,

* MB8871H/E/N (M6802)electric washing machines, and household air
conditioners; and computerized home electric
appliances are well accepted by Japanese 5) Hitachi Ltd.
housewives. * HD46800D (M6800)

* HD46802D (M6802)Microprocessor marketed in Japan in 1976
were 1,180,000 units for both domestic and
U.S.-made products; they topped 2 million 6) Mitsubishi Electric Co.
units in 1977 and are estimated to exceed 4
million units in 1978. Of these microproces-

* M58710S (48080A)
sors, more than 85% are system and equipment * M58712S (18085A)
built-in computers and the remainder are for
use in development, evaluation, education/ 7) Sharp Co.
training and hobbies. * 2-80 (Zilog)

* PPS-8 (Rockwell)
The Japanese microcomputer makers and products

[4 bit processor]
The following is a list of Japanese micro-

processor makers and their products including 1) Sharp Co.
those products as second source production. * PPS-4/2 (Rockwell)

In the alphabets in the parentheses
following the product name, 'n'' stands for 2) Toshiba Electric Co

NMOS, 'p' for PMOS and 'c' for CMOS. * TMP4110P (n)

[16 bit processor] 3) NEC

1) Sanyo Electric Co. * uPD760 (p)
* MCP-3000 (n) (uCcoM=41)

* UPD750 (n)
2) NEC

* UCOM-16 (n)
(uCOM-4)

* yCOM~1600 (n) 4) Hitachi Ltd.
(uPB768B)

* HD35404 (14004)

5) Oki Electric Co.3) Matsushita (Panasonic Group)
* MN1610 (n) * MSM5840 (c)
* MN1611 (n) * MSM5841 (c)

* MSM5842 (c)
(12 bit processor] * MSM5843 (c)

1) Toshiba Electric Co.
[One-chip Computer]* 13190 (p)

1) Matsushita (Panasonic){8 bit processor] * MN1400 (n) (4 bit)
1) Oki Electric Co. * MN1430 (p) (4 bit)

* MSM-3901 (180804) * MN1402 (n) (4 bit)
* MN1432 (p) (4 bit)2) Toshiba Electric Co.

* TMP90080AC (18080A) MN1403 (n) (4 bit)
* MN1404 (n) (4 bit)3) NEC
* MN1405 (n) (4 bit)* UPD8080A/AF (18080A)

* UPD780C/D/D1 (n)
* MN1435 (p) (4 bit)
* MN1450/3/5* yCOM-85 (18085A) (c) (4 bit)
* MN1498/9/9A (n) (4 bit)
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2) Fujitsu Ltd, were imported, there had been some hobbyists
* MB8841/2/3/4 (n) (4 bit) in Japan, who installed a minicomputer in

their home, but their number was only 10 or so,* MB8881 (n) (8 bit) including Prof. Ryuichi Kobayashi of Rikkyo
University and the author.

3) Mitsubishi Electric Co.
* M58840 (p) (4 bit) On the occasion of the marketing of the

single-bord computer, such as Motrola's MEC
4) Hitachi Ltd. 6800B, on top of SDK-80, the number of

hobbyists had shown a ten-fold increase, total-* HD38600 (p) (4 bit) ing more than 100.
* HD38630 (p) (4 bit) Some of these hobbyists went so far as to* HD38750 (p) (4 bit) import personally SWIP's CT-10241V typewriterin place of ASR-33. The above was the situa-* HD44750 (c) (4 bit) tion of the Japanese computer hobbyists three* HD38700 (p) (4 bit) years ago.

5) NEC Computer hobbyists in Japan number about
* uPD548c (p) (4 bit) 50,000 as of the of 1978, and they

are now on the sharp increase. At first,* uPD546c (p) (4 bit) they enjoyed the DIY kit TK~80 for educational
purposes which was marketed by NEC for use* yPD547c (p) (4 bit) with 1-8080A (uPD8080A), and then went for

* uPD550c (p) (4 bit) imported kits such as Altair 8800, IMSAI and
* pPD551c (p) (4 bit) SWIP In 1978, PET2001 and TRS-80 have gained

great popularity and heavy demands are also
* UPD766c (n) (4 bit) concentrating on the BASIC oriented personal

computers marketed by NEC, Hitachi, Matsushita* UPD8048c (18048) and SORD.

6) Toshiba Electric Co. A forecast of what great expansion the
* T3444 (n) (8 bit) hobbyists or personal computers will show in

the future can be made on the basis of the* TMP4310 (n) (4 bit) circulation of the following microcomputer-
* TMP4315A (n) (4 bit) related publications written by the author

and published by Kodansha Ltd., the largest* T™P4320 (n) (4 bit) publisher in Japan.
7) Sharp Co. Written by T. Yasuda

* SM-1 (p) (4 bit) 1) Introduction to My Computer
* SM-2 (p) (4 bit) (Published in March 1977, 350,000
* SM-3 (p) (4 bit) copies sold)
* SM-4 (c) (4 bit) 2) How to Build My Computer
* SM-5 (c) (4 bit) (Published in October 1977, 150,000

copies sold)8) Oki Electric Co.
* MSM5840/1/2/3 (c) (4 bit) 3) How to Use My Computer

(Published in April 1978, 100,000In addition, there are 87 makers in Japan copies sold)which specialize in the Single Bord, develop-
ment evaluation system such as support system In addition, a similar book written byand built-in system based on the above- Prof. Haruhisa Ishida of Tokyo Universitymentioned products and more than 500 kinds of sold more than 100,000 copies, becoming a best-
such systems are being offered by those makers. seller.
As a CPU in use, 8080A is in comparatively
high demand, accounting for about 40%. From the above, it may be forecasted that

in Japan in the 1980's, demanda for personal
computers such as TRS-80 and PET2001 will be

Japanese Computer Hobbyists 300,000 to 500,000 units per year, while
Since SDK-80 of Intel Inc. was imported

demands for microprocessors will top 10 million
units per year. With such a huge market as a

to Japan in 1975, there have emerged computer target, NEC, for instance, is making every
hobbyists who enjoy assembly and application effort to develop into the world's second
of computer kits. Before Intel's products
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largest microcomputer device maker, and need-
less to say thia effort is also being made by
other makers.

The reason for such an increase in hobby-
ists is attributable to the marketing of NEC's
training kit TK~80 in the ammer of 1976.
Equipped with the hexadecimal key input and
7 segment LED output, TK-80, like KIM-1 for
6502, is a variation kit for use in 8080A and
is priced at about US$400.

Among those kits marketed at the similar
price range are H68-TR (for M6800) by Hitachi
Ltd., LKIT-16 (16 bit) by Panafacom (Pana-
sonic Group), EX-80 (8080A) by Toshiba and
LKIT-8 (for M6800) by Fujitsu. TK-80 has
already sold 30,000 units.

All these kits have the Kansas City
Standards-based tape, interface, printer
interface, IV typewriter interface and color
TV interface as attachments. Moreover, some
kits are equipped with expanded functions
which allow operation based on 2K bytes BASIC
and 4K bytes BASIC and there are also many
Japanese hobbyists who import the interface
cards for S100-bus from the U.S. in order to
connect them to these kits.

It is to be noted that since the end of
1977, it has become easy to obtain PE T-2001
and TRS~80 and these products so far pur-
chased by the Japanese hobbyists amount to
thousands of units. Further, Apple II is
highly acclaimed in Japan as well.

Under these circumstances, the Japanese
makers have put their comparable models on
the market since September 1978. The typical
products are "BASIC Master" marketed byHitachi and "M100 Series" marketed by SORD,
each being priced at about US$800. Other
Japanese makers are also expected to followsuit. The present problem with these makersis that their plant production capacitycannot catch up with active demands.

Software and application of Hobby Comruters
In addition to the home-made TK-80 and

H68-TR, the Japanese computer hobbyists are
buying many of the U.S.-made kits such as
SDK-80, SDK-85, MEK 6800DII, SC/MP kit, TMSAT,
MITS, SWIP, POLY and those hobbyists who are
not capable of assembling these kits are
scrambling for PET 2001, TRS-80, SORD M~100
(cpu: Z-80) and Hitachi BASIC Master (cpu:
6800). The purchasers of these DIY kits and
personal computers are divided into two groups.One group is the younger generation consist-
ing of high school and college students;these students, who can be said to be the
hobbyists in the true sense of the word, are
finding interest in controlling a model
railway and music synthesizer and also enjoy-ing the computer game. The computer game
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most popular among them is of course "STARTREK"
The Japanese TY is also broadcasting a similar
program titled "Space Battleship-YAMATO". In
the case of this Japanese edition of the
"STARTREK" same, "Enterprise" is replaced by
"Yamato" (the most famous battleship in the
pre-war Japanese navy) and "Klingon" by
"Gamilas Star".

The second group is the adult hobbyists
consisting of machine system designers,
doctors, accountants, operators of small busi-
nesses; they are bent on finding how they can
reflect their hobby effectively on their
occupations. Both groups are usually making
use of BASIC as their computer language.
Most of the Japanese students majoring in
science course master FORTRAN, while many
students majoring in economics and business
administration master COBOL. There are also
many who use PL/I.

With the mounting diffusion of micro-
computers, those who take an interest in
BASIC began to increase, with an interest in
CP/M also on the rise. We, as researchers
for computer system development, have a greatinterest in PASCAL of late, but for the time
being we are depending on the performance of
the cross assembler and cross compiler.

Prof. Haruhisa Ishida of Tokyo Universityis credited with the diffusion of BASIC in
Japan; he has introduced to the Japanese
hobbyists the Palo Alto Tiny BASIC, which is
in wide use as Toudai Ban BASIC (Tokyo
University's version of BASIC). Further,Prof. Ishida has recently revised Texas Tiny
BASIC and published it as Tokyo edition TB.
Needless to say, all these are for use in
8080A.

In Japan as well, there are many 6800
users. Tom Pittman's TB has long drawn much
attention, but it is not easy to obtain. In
view of this situation, we have developed 2K
bytes Tiny BASIC for use in 6800. Based on
the computational method by binary processing,it boasts of the highest speed in the bench
mark test. This Tiny BASIC, developed jointly
by Mr. Fumtaki Hatanaka (an undergraduate of
Tokyo Denki (Electric) University) and myself,is called Dendai Ban Tiny BASIC (Tokyo Denki
University's edition of Tiny BASIC). The
author is pleased to present the entire detailof this newly developed Tiny BASIC to the U.S.
computer hobbyists as per Appendixed A and B.

Lastly, let me introduce Japanese maga-zines relating to the microcomputers, whichare contributing toward the progress in
microcomputers as in the case of the U.S.
counterparts such as "Interface Age" and
"BYTE",

Among typical Japanese microcomputer
Magazines popular among the microcomputerhobbyists are "ASCII" edited by Mr. Kazuhiko
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Nishi, a student of Waseda University, USR (el, e2, e3):
"Transistor Technology", "Interface", "1/0",
"Micom", "RAM", "Gakusyu Computer", etc.
In addition, there are two famous electronic Constant

at Nipponbashi, Osaka; computer stores in SOOOOSSFFFF (hexadecimal)

5)

located at Akihabara, Tokyo, and the other -32768sinteger<32767 (decimal)products shopping centers in Japan; one is

25. 'string' or "string"
these two shopping centers number as many as

6) Error
Appendix: A Error

number
Abstract of TDU Tiny BASIC (for 6800) Grammar 100 Input Error

(under MIKBUG control) 110
(IDU: Tokyo Denki University) 120

Memory Size Over
Invalid Line Number

1) Command 130

EXIT (monitor call) GOTO n 160

Print Statement Error
Zero Divide
Expression too muth Complex

NEW RUN LIST [nl, n2]: (list and tape 140
LOAD: (tape) AUTO [n] save)

150

Illegal Arithmetic
RETURN (or RET): (rerun) 170 MOD Error
PRINTS (or PRS): (memory size) 180
Control-C: (break) Control-0: (del) 190

Illegal Statement
Subroutine Error

Control-X: (can) 200 Undefind Line Number

2) Statement 210 For Loop Error
[LET] PRINT (or PR) 220 Undefind For Loop
INPUT (or IN) GOTO

GOSUB RETURN (or RET)
IF STOP REM END

FOR s TO e [STEP e]
NEXT [v] THEN

s: substitute expression
e: expression (-32768<es32767)
v: variable (variable name:

=AB~Za~ z)
array name: % e (or % (e) )

(key-input)
: @ (e) : (display)

: multiple statement separator
(use forstatement: statement:

+

:

3) Operator
=> < >= Microcomputers Goes to TV-Top-Star.+

< >= <= <> O<

In the fall of 1977 NEC's TK-80

CHR (e): (ASCII + e) of Nippon Television Network System.

4) Function microcomuter system was telecasted
RND (e) ABS (e) MOD (e) through the News Wide Show (11 PM Show)

TAB (e): (print pointer + e) Photo
# (e): (poke) # (v)=e: (peek) left: Professor Toshiaki Yasuda
USR (e) : (PC < e)

(Mr .Ohashi introduced TK-80.)right: Mr.Kyosen Ohashi (TV caster)
USR (el, e2): (PC + el, IX + e2)

3RD WEST COAST COMPUTER FAIRE 335 78 Nov 365 Los Angeles, Cal.



Appendix: B Assemble list of TDU BASIC note: [] means [$]
63 AOD A #3

otal BRA ERROR

018A

0168 PRSTRT

0195 0238

E0D0 RESET #E000
#100

» 0173 A ADD PREND*1
0002
0002
0002
0002
0002
0002
0002
0002
0002
0001
0001
0001
0001
0050
0080
0002
0034
0002 PRSTRT
0002 PREND
0002 RAMEND

°o

0175 STA PRENDO]
oe5

0179 INC PRENG
0178 A BSR SIZE
0170 acc INS2
017F stx PREND

€RR110 LDA #110

0182
0185 LOTST LDA LOFLG
0187 LNFD
0169 PREND

0180 e

01s€ OeX TNS2
0190 0236
0191 Oex 0237 MOVE 2
0193 PREND

0002 Forsp
0040 4 0196 INITL 0230
0100 FORSTK LDFLG 023F

0243
Elac INEEE 0244
E1o1 OUTEEE €101 AFLG

0246
019F EXPRPP 02a7
01A2 #10 0248
Olas #0 0249
OLAG LN*1 0248
01A8 LN 0240
OlAA 024F

8D START
CONTRL

018 PRINT 0250
01AE PSX 0253 LOFLG
Olpi 3 0255 #FORSTR

0188 @tAA 025F wEXSTK
018A MEMTST 0262 EXSP
016B Lox 0264
0180 *
o1BF Lox 0265 DIRECT Px
01C1 Lex 0267 #TABLE22
013 wUAA 026A STMT4
01C5 MEMTST *
01C7 RAMEND 026C NATL
01c9 INITL 0260
01cB #STACK 026E NXTL2 Oox
01CE 0270ocr INIT2 0272
0101 NWL INE *
0104 #ROYMSG 0273 FINDER LNADRS

PD 0275 LNFD

NwL INE o27F LN

GL3 *
0280 NXTL

aaF 026° 1

GLb 0290 LNF03 CMP
wese 0292
ouT 0294
#BUFFER *
GL3 0295 IF EXPRPP

0298

0238 FORSP
0183 START #SuBSTK
0186 PRSTRT 025D SUBSP

10 o277

100 wSTACK 0279 LNFD3<8
PRSTRT

#BUFFER 0261 ERR120
C4 0285
Px 0286 LNFOS

NEWL2 028A ERROR ERRMSG

GL3 0299 STMT3

#BUFFERSTO MOVEL o29C WXTL2
ERR100 MOVE 029€
OX

ERRMSG 02a8
ERR100 #100 INS3 02a6
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O2a9 7E 0101 C7 JMP C3* 0330 OF 24 STX PX 03cE ao 01 SuB
02AC 60 A2 RUN BSR INIT2 033F ce 091A Lox #TABLE5<2 0300 €2 00 $8c Ook
02AE OE 86 LOx PRSTRT 0342 BO 0560 JSR OPRATE 03D2 80 OA $R CHECK
0280 OF 28 STMT STx LNADRS 0345 60 12 PRS 8SR SKB9 0304 TA O02F
0282 A6 00 LDA A OX 0347 27 13 BEe PRO 0307 26 FL olv2

Olv3 EC

0284 46 ASL A 0349 61 38 A 69
BNE

0285 96 28 A 0348 27 06
cMP 0309 03 ROL2X ROL 30k

0267 23 Fo A
LDA LNADRS 0340 81 2c

BE@ PRS 0308 69 02 ROL 20x
BLS c? cmp 0300 39 RTS

0289 08 INX 034F 26 49 BNE ERR130 *
02BA 08 INX 0351 80 OF BSR 030E 37 CHECK PSH
0286 80 0181 STMT3 JSR BREAK 0353 08 PRS TNX 030F €e 00 EoR
026E OF 24 STX PX O354 80 03 PRE BSR SK89 0361 34 PUL ry

o2co cE 08AO LOX #TABLE<2 0356 26 Ei BNE PRS 03€2 0d SEC
02c3 SE A047 STMT4 LDS #STACK 0358 39 RTS 03E3 2a 05 eo?
02C6 6D 0580 JSR 03€5 AB 01 A

BPL

02c9 09
OPRATE 0359 Te 045F €9 00

A0D

02CA Ao 00 A
DEX JMP SKB 03E7 ANC

o2cc
STMTS LOA OeX

TE
03€9 oc cLe

08 INx 035 0840 Pro NWL INE 03EA 39 RTS
020d 61 3A cmp A ee e
02cF 27 EA BEG STMT3 035F 8D 07EE JSR outs 03€8 86 10 SETCNT LDA A #16
o2D1 40 TST A 0362 96 2€ PT LDA A CHCNT 030 97 2F STA AF
0202 26 F6 BNE STMT5 0364 85 o7 IT a 03EF aF CLR A
0204 20 DA BRA STMT 0366 26 FT BNE PT=3 03FO ro TAB

0368 39 RTS 03F1 39 RTS
0206 SF HEXA CLR 8 *

0207 07 1€ 2 0369 60 29 CHR gsr FACTPR 03F2 8D F7 MULT BSK
16 4 8 ASTA 0368 TE 0448 OUT? 03F4

SETCNT
9209 80 BSR TSTHEX JMP ouT

39
MLT2 ASL

0208 24 C3 BCC SIZE 03FS ROL
G200 49 HEX2 ROL A 036E ad 24 TAB

TAB

BSR FACTPP 03F6 69 01 ROL
020E a6 ASL A 0370 16 TAB 03F6 69 00 ROL Oak

0371 20 03 BRA TAB2 03FA 24 04 BCC a+6
020F a8 ASL A
020 4 6 ASL A 0373 BD OTEE JSR ouTS 03FC AB 03 ado A Bok
02E1 a8 ASL A 0376 02 2€ TAB2 CMP CHCNT 03FE E9 02 ADC aex
02E2 79 OOlE SMIFT 0378 22 F9 BHI 0400 TA 002F DEC F

02€5 59 MLT2ROL 037A 39 0403 26 €F BNEROL RTS 0405 08 INK02E6 48 ASL A oc 0406 0802€7 26 BNE SHIFT 0378 a0 BSR INK

02€9 08 INX 037D 61 22 CMP A @ee 0407 7€ 04A0 JMP STAX
02EA 8d 05 BSR TSTHEX 037F 27 04 BEO
02EC 25 €F acs MEX? 0382 61 27 cMP A wee Q80A €E 00 PNUM LOX OX
02€E 96 1E LDA Al 0383 26 OE BNE Pes Qsoc OF ic STx w

02FO 39 RTS 0385 16 TAB O40 ce o01c LDx we
0366 08 TNX Oail 8b 3€ 85R ABSX

02F2 BO 032€ TSTHEX TSTN 0387 20 02 BRA aoe 0413 2a 04 Bcc PN2

09
JSR 0415 86 2d LDA02F4 25 Bcs HEXS

A 0389 60 €0 Pos BSR 0417 60 2F BSR ouT
02F6 80 Sue a7 A6 00 A

out?
0419 09 PN2 OFX

02F8 81 3A cup A #3A 0368 LOA Oox
OS1A 09

02FA oc quis 038D 27 08 BE@ ERR130 DEX

02FB 20 02 BLT aes 038F 08 INK 0418 ce OA LOA #10

02FO $1 40 #540 0390 11 CBA 0410 €7 01 STA 16x

02FF 39 RTS 0391 26 Fe BNE Pes Oa1F oF 00 CLR OeX
HEX3
* 0393 39 Pes RTS 0421 57 ASR

0300 E1 00 CMP x cup Oex
0422* 37 PN3 PSH

0394 80 osc) FACTPP JSR FacT9 0423 8d A3 8SR BINDIV
0302 26 02 BNE aoa

0397 TE 06a9A JMP POP 0425 33 PUL
0304 Al 01 cup 2eX * 0426 36 PSH
0306 39 RTS ce 0427 SA DEC0394 82 ERR130 LDA #130 0428 26 Fe BNE PNS
0307 oF 24 SRCH2 STX PX 039 20 02 BRA cE 0030 LOx
0309 CE 0910 Ox * 042a aBUFFER

030 oF 26 SEARCH $Ts sp 039€ cé 8c ERR140 LOA #140 0420 ce 04 COA a4
042F 96 2F PNa LDA A

030E 9€ 24 so Los PX 030 TE 0850 JMP ERRMSG 0431 32 PUL A

0310 34 DES
0432 26 04 BNE PNS

06 TNX 03A3 A6 00 DIVIDE LDA A Ook 0434 97 er STA A
0311 03A5 AA 01 ORA 1eX 0436 27 02 BEO
0312 08 $i INX

A 27 FS 0436 8d 04 PNS BSR PNG
0313 32 $2 PUL 03a7 BEO ERR140 043A SA DEC
0314 62 20 cmp A #820 03A9 80 40 BSR SETCNT 0036 26 F2 BNE PNS
0316 27 FB 6Ee $2 03AB 8d 2 BSR ROL 2x Q43D 32 PUL A
0328 i6 TAB 03A0 49 ROW A 043€ 88 30 PNG avd A #330
0319 ao 00 sus A Oex 03AE 40 NEG Aa 0440 70 oo2v TST AFLG
0316 46 ASL A 03AF 16 TAB 0443 aT 03 ae5
031€ 26 09 BNE $5 0380 80 2c CHECK al A

Bee

031€ 24 F2 Bcc $1 0382 49 ROL A 0aa5 00 STA Oe
0320 oe TNX 0383 86 01 EOR wi 0447 08 UNX

$4 INS 0385 46 ROR Onag 002E OUT YNC CHCNT
0321 31

PX 0386 80 ic BSR OlV3 0448 BO Olsi ASR BREAK
0322 oF 24 $3 sts 80 0300 CMPX OaaE 7E €101 JMp OQUTEEE

0324 9E 26 LDS se 0388 JSR
0326 39 RTS 0388 26 06 BNE RDIv 0451 60 00 ABSX TST Ook

0360 aF CLR A 0453 2A 08 BPL RABS
0327 A6 00 $5 LOA A Qex 038€ lo TAB 0455 60 o1 NEGX NEG Vex
0329 08 INX Q36F 6c 03 INC 30x 0457 26 02 BNE aes
032A 2a Fe BPL $5 o3c1 26 02 BNE ore GA 00 DEC OeX

2€ cup ate 033 6c 02 NC 2eX 0839
com Oex

032 a s4 03cs 08 ROlV NX 0458 63 00
032E 27 Fl BEe

A 03c6 oa NX 0450 39 RABS RTS
0330 43 com 39 RTS0331 26 0B BNE so 03C7 Oase 08 SKB2 tNX
0333 20 ED BRA $3 OaSF Ab 00 SKB LDA A OeX

o3ca ed 22 ASR SETCNT 0461 61 20 cup A #820

0335 aD 22 PRINT SKB9
PRINT

BSR 03CA 80 00 Dive BSR ROL 2X 0463 27 F9 BEe SK62
0337 27 23 BEe PRO o3ce 49 ROL a 0465 a0 TST A

0339 80 40 PR3 85R PeUOTE 030 59 ROL 0466 27 03 BE@ ae5
0338 27 0a ate PRe

*

A
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04Fe sv TST A 9590 €6 00 LDA B OX0468 él 3a CMP A : OaF9 27 01 Ee OE 24 PX046A co SEC GT Z
BE@ 0592 LOx

0468 39 RTS oaFe 37 ASR 0598 OF 1E PUSH STX
OSFC 57 Ee ASR 0596 DE 80 LOx

046C 80 Fl ExPR3 BSR SKA 04FD cs 01 tT AND #1 0398 09 OEX
Oa6E 61 2d cup A 04FF E? 01 STA 1eX 0599 09 OEX
0470 26 04 BNE €3 0301 6F 00 CLR 059A 9c 2a CPX BUFEND
0472 80 iF 6SR 0503 OE 1E LOx 059C 2F 0a BLE ERR150
0474 20 07 BRA ES 0505 39 RTS 059€ 80 04A0 PuSH2 JSR STAX

OSAl OF 80 PUSH3 STx €xsP
61 2B E3 A 0506 8d 26 GETN a

GETN

6SR TSTN 05A3 OE 1E LOx0476
27

CMP 0508 24 23 Bcc NOTN OSA5 39 RTS0478 01 BE® Es 050A 5F CLR04TA 09 OEX 0506 o7 iF STA 05A6 96 ERRI50 LOA #1500478 6b 5c E4 BSR TERM2 0500 07 1E GN2 STA O56 TE 0850 Er ERRMSG0470 DE 24 €5 LOx PK
OSOF 84 OF AND A Pilg eOoTF 60 OE BSR SKB 0511 97 2F STA A F AO ERR1600481 81 28 CMP A ate 96 1F A

05AB C6 LDA #160
0485 26 06 BNE €6 0513

48 A
LOA del 05a0 20 F9

e
BRA ER

0465 6D 52 BSR TERM2 0515 ASL
0487 80 OE E55 BSR add 0316 59 ROL OSAF cé AA ERR170 LDA #170
oee9 20 F2 BRA ES 0517 6 ASL A 0581 20 FS BRA ER

0518 39 ROL
0408 61 20 6 cmp A gle 0519 98 iF AOD a Zek 0383 TE 045F sxe
04a0 26 15 BNE 0518 b9 iE anc
04eF 80 02 6SR : €9 0510 46 ASL A 0586 ly 68 NOTENC BSR TSTv
0491 20 Fa BRA 55 OS1E 59 ROL 0588 24 b2 Bcc FVAR

051F 98 2F ADD A 058A A6 oo LOA A Ook
a0 a4 E9 TERM2 0521 97 iF STA A 05BC $1 28 cmp A #*0493 BSR 0523 c 00 AoC #0 05BE 26 Es BNE ERRI600a95 20 BE BRA NEGX

0325 o8 INX 050 os NX
0526 80 06 8SR TSTN 8D 04E00497 60 06A9 ADD JSR POP 051

80 0
Fact? JSR EXPR

049A 08 TNK 25 -3 A
o5c4 BSR Sxos

0498 oe INK 0528 iF A
ecs GN2 056 82 29 CMP

069 AB 01 'AOD3 Add A 1eX 052A 96 LOA o5ce 26 €1 BNE ERR160
089E €9 00 aoc QeX 052 00 SEC 03CA oe ENX
Q4A0 al 01 STAX STA A 0520 39 RTS o58 39 RTs
04A2 €7 00 STA Oe

NOTN

04A4 39 €7 RTS 052€ 60 0583 JSR Skee osec OF 24 TAX STX PX
0531 81 30 A A

TSTN
CMP #0 OSCE 97 if STA ze1

04A5 80 05C1 aBS
85

JSR FACTS 0533 oc cic 0500 o7 iE STA
O*a8 80 31 BSR SAVE 0334 20 02 BLT aoe 0502 OE it LOx
O®AA 80 AS BSR ABSX 0536 61 3a CMP A 0504 39 RTS
04ac OE 24 LDx PX 0538 39 T3 RTs
04AE 39 0505 8D Osta JSR EXPRRTS 0539 80 33 TERM BSR FACT 0506 AG 00 A Oox

AE 0338 80 76 GSR see 61 ria
LOA

04AF 60 TSTEO 6sR SKB
0530 81 2aA cmp A ate 050A CMP

061 83 3D cme a's
053F 26 0B

050 26 01 BNE ERRITO
0463 26 15 BNE RS

14
BNE T2 OSDE 08 INK

04B5 31 INS 0541 80 BSR FACT2 050F 80 Eo MOD2 BSR FACT?
04B6 31 INS 0343 80 03F2 JSR MULT 0561 OF 1E STX Z
0487 5c tNC 0546 oF 80 Tl1 STX ExsP 05E3 OE 80 Lox €xsp
Osp8 20 0D BRA R3 ag4e OE 24 Lox PX 05€5 80 03A3 JSR DIVIDE054A 20 ce BRA O58 20 Ba BRA PuSH2
04BA 5F REL CLR
0488 eo F2 BSR TSTEQ 034 61 2F T2 CMP A OSEA 96 21 RANOOM Lda A RNDel
0480 80 12 BSR RT 054E 26 Ee BNE T3 o5ec 06 20 LOA RNO
O*6F 26 OA BNE R6 0550 80 05 BSR FACT2 OSEE 22 AOD RNO*1
0ecl 80 Ec BSk TSTES 0552 80 03A3 JSR DIVIDE OSFO as 95 AOC A #595
o4c3 81 3€ R2 CMP A a> 0355 20 €F BRA Til 05F2 AB AOC weas
04cs 26 03 BRE R5 OSF4 o7 22 STA RNDo1
04cT 3 R3 TNC 8 A0557 8D 15 FacT2 BSR FACT 03F6 97 20

9559 TE SAVE
STA RNO

Re
0408 . osFs 80 oAoscs 08 TNX

055 o8A HEXA2 LNX OSFa 20 E3
esr PUSH

0ace aF CLR 055D BO 0206 JSR HEXA
BRA 4002

04CA 39 R5 RTS 0560 20 32 ARA PuSH OSFC 8D 02 USER BSR USER2
04cé 80 F6 Ro BSR R2 0562 ad OA PEEK

OSFE 20 92 BRA PUSH=2
Oecd 26 FB BNE RS 0564 BO POP

8SR FACT
Oecr 60 OE BSR TSTE@ USER280

JSR 0600 eo la 8SR ARG2
Oap1 81 3 RT CMP A A0567 63 QSR TAX 0602 36 PSH
0403 2 FS BNE RS 0569 AG oo LDA A 0603 37 PSH
0405 cB 04 ADO #4 0568 SF CLR 0604 80 00 6SR ARG
0407 20 €F BRA R4 A+ 056C 20 24 BRA PUSNe2 0606 +6 PSH

0607 37 PSH
0409 80 SE TERM2 BSR TERM 056E 08 FACT INX 0608 8D 09 BSR ARG
0406 OF 24 SAVE Stx PX AOS6F 80 95 BSR GETN 060A 36 PSH
0400 OE 80 LOx Exse 0572 25 21 ecs PUSH 0608 37 PSH
OaoF 39 RTS 0573 2 23 CMP A an o60c o70575 27 Es Bee PEEK 0600 36 A

TPA

60 8A 0577 81 24 CMP A ae 84 FACT9*3
PSH

O*E0
80

EXPR BSR EXPR3 0579 27 El Bee HEXA2
Q60E 80 BSR

04E2 BSR REL 0578 oF 24 STx Px
0610 OF 24 $TX

04E4 30 Tst 0370 cE Oars€3 OX
0612 38 RTIQ4E5 27 BEe RS 0580 BO 030

#TABLES@2
Ose? 37 PSH 0503 A6 02 A

OPRATE ASR SEARCH 0615 M6 00 ARG LDA A OoXOs€s 80 82 8SR ExPR3 0585 36 A
LDA 0615 81 r g CMP A #%s

OoFa 60 06A9 JSR POP 0586 A6 00 A
PSH 0617 26 04 BNEOs€D OE 60 LOx ExSP 05e8 36
LDA Oox 0619 08 NX

O*EF ao Q1 sua A 10K PSH A 061A TE 06A7 EXPRPP04F1 €2 00 sac Oar 0589 OE 24 Lox PX ARG2

04F3 33 PUL 0598 39 RTs 0610 oF NONE cur A04Fe 20 o7 BLT LT Oo1e SF CLR 82e 03 BGT 6T 05ec 80 3€ FVAR BSR TAX o61F 39oaFe OSaE A6 01 LOA A Lex RTS

a

:
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06Be 08 TNX 0761 80 OA
0687 08 o765 25 EB

6SR TST2
0620 8D 91 TSTv

Tstv

QSR Skee OF 80
INx BCS ERR220

0622 81 40 cmp A #840 0668 STX EXSP 0765 OF BE STx FORSP
0624 27 oc BEe ARRAY 06BA OE 1E LOx ore? a6 05 LDA A Sak
0626 81 41 CMP A wa oeBc 39 RTS 0769 E6 04 LDA aux
0626 25 26 bcs NOTV 068d DE 24 EXPRO LOx Px 0768 EE 00 LOx Oek
062A 81 SA A az 06BF 7e 04E0 EXPRT MP EXPR 0760 BO o49c JSR ad03CMP 0770 DE BE LOx FORSP062 22 22 BHI NOTV o6c2 aF GOTO CLR A 0772 El 02 cmp 2eX062E 46 ASL A

063 36 GOsu8 PSH A 0774 00 SEC062F SF CLR 06c4 80 €1 0775 20 o70630 08 TNX BSR EXPHPP SLT EXTS
0631 39 RTS 06c6 8D 0146 GOTO2 JSR SETLN o777 oc cuc

* 06c9 32 PUL A o77e 2€ 04 BGT NEXT®0
0632 80 056E ARRAY JSR Fact 06CA 40 TST A OTTA Al 03 cme A 30X
0635 BD 06A9 JSR POP 06CB 27 02 BEe woe o77 27 13 bee AGAIN
0638 cs co 06co 80 BS BSR PSX OTTE 46 NEXT4 ROR ABIT #5co 06CF BD 0273 JSR FINDER 077F AB 04 EOR A Mek063A 26.21 BNE ERR 0602 24 04 ecc #46 0781 28 OE emi AGAIN063C 00 SEC 0604 C6 ce ERR200 LDA #200 0783 8d 05 INKS0630 49 ROL A 20 35 0785 OF BE NEXTS STx FORSP063E 39 ROL 06d6 RA ERR22

07e7 OE 24 PX063F 9B B9 AOD A PREND+1 LOx
0641 og BS aoc PRENO 06D8 TE 0280 JMP STMT o789 39 RTs
0645 D1 BA cup RAMEND
0645 26 02 BNE aos 06D8 8D 045F LET JSR SKB OT8A 80 00 INXe BSR #e2
0647 91 6B A 06DE 81 23 cmp A 07ac Os INK

CMP RAMEND*1 06E0 27 98 BEO POKE o780 08 INK0649 24 02 acc ERR12 06E2 80 065A LET2 JSR LET3 OT8E os UNX0646 oc cue 06E5 aT 01 STA A 076F 08 UNX06ac 39 RTS 06E7 E? oo LET2 STA Oex 0790 39 RTS*
064D TE 0227 ERR12 JMP ERR110 06E9 DE 24 LDx Px

0791 ce 06 AGAIN 60%LDx
0650 oo NOTV SEC 06€B 39 RTS
9651 39 RTS 0793 39 RTS

* 06EC ed Fa FOR BSR LETL
OEE % 10 LDA A wel 0794 OF ic INPUT STx0652 BD OSAF TSTE@2 JSR TSTEO 06FO be ic LDA w 0796 96 1 LDA A0655 C6 64 ERR180 LOA #180 06F2 BO 0594 JSR PUSH 0798 27 41 BE@ ERRIO0657 TE 085D ERR19 JMP ERRMSG 8D 0307 SRCH2 079A DE 2A LOX BUFEND

® 06FS JSR
079C OF 1A STX V

065A 80 0620 LETS JSR TSTv Gre ac 0914 cPx #TOMSG
OE ic LOx0650 25 Fe acs €RR180 06FB 26 2€ BNE ERR210 OT9E

O65F 97 1D LETs STA A wel 06FD 8d BE BSR EXPRS 07A0 BD 0378 JSR P@UOTE

0661 o7 1c STA w OGFF BD 0307 JSR SRCH2 OTA3 26 02 BNE IN2

8D ED TSTE@2 0702 ec 091A CPX #STPMSG OTAS 80 37 BSR TSTCM
0663 8SR 0705 27 oe BE@ FORI 07AT 80 0620 IN2 JSR TSTv
0665 80 40 BSR EXPRPP 0707 86 01 LOA A #1 OTAA 25 2F 6cs ERRIO
0667 OF 24 STX PX 0709 SF CLR OTAC 36 PSH A
0669 OE ic LDx 070A BD 0592 JSR PUSH=2 OTAD 37 PSH
0668 39 RTS 20 0? are OTAE OF STx0700 BRA

0760 DE la LOx v
066C ce BE ERR190 LOA #190 FOR1 8D 37 65R
066E 20 €7 BRA ERRIO 070F 80 Ac BSR EXPRE 0762

IN30711 OF 24 STX PX 0764 26 09 BNE

SF THEN CLR o713 96 25 LDA A PXOL 0766 86 3F LDA A er
0670 0713 06 24 LDA PX o788 ad 36 BSR ouT3
0671 37 PSH 0717 80 0594 JSR PUSH 07BA 60 32 BSR ouTs
0672 Bo 0506 JSR GETN OTIA 96 10 LDA A we) o7ec 80 o12c JSR GL2
0675 25 af ecs GOTO2 o71 06 1 LOA OTBE BD 067 INS JSR EXPRPP
0677 TE 0268 STMT 07LE OE BE LOx FORSP o7C2 so iA Bsr TSTCM

80 18 BSR TST2 o7ca OF aA STX v
06TA 8D 056E POKE JSR FACT 0720 FOR}

26 FOR o7ce 30 TSx
Q6To 80 2A 6SR pop OT22 oc acc

€€ 00 LOx
O67F 6D OE BSR LETS OT24 OE BE LOX FORSP OTC?

INS
TAB 0726 gc 00co CPx wFORSTK=64 o7ce 31

0661 16 0729 26 07 ONE FORS*2 OTCA 31 INS
0682 20 63 BRA LET2

0726 co b2 ERR210 LOA #210 80 04A0 JSR STAX
0684 oF 26 PSx sts sp o72D TE 0850 ERR22 ERRMSG OTCE bE ic Lox
0686 35 Txs 0700 60 19 BSR se@l
0687 DE Bc LOx suasP 0730 6D 58

FORA

8SR INXS o7D2 27 OF BEe IN®
0689 8c A04A CPX @STACK*3 10 BSR FORPSH 0704 61 2c cme A mts
068C 27 OE BE@ ERRI90 0732 80

ar NEXTS 0706 26 03 BNE ERRIO
Q68E 09 OEX 0734 20 BRA

0708 os TNX
09 DEX 0709 20 cc BRA IN206sF TSTSTK
AF oo STs Ook 0736 80 0300 JSR

0690
SuBSP ERR100799 27 oe BEG TST3

JMP ERR1000692 OF ac RESTR $Tx 0738 6D 40 6SR INX6 0708 TE 0168
0694 30 TSx 0730 6c 0100 TsT2 CPx #FORSTE
0695 GE 26 Los sp TSTCM0740 26 Fe BNE TSTSTK OTDE eo 04 BSR TSTCM2
0697 39 RTS 07a2 oD SEC 07E0 26 01 BNE ae3

07435 39 TST3 RTS 07E2 os INX
0696 DE BC LOx sussP 07ES 39 TNG RTS
069A ac aos0 CPX #SUBSTK *eo 00 FORPSH

FORPSH

BSR ae2
0690 27 co SEO ERR190 TSTCM2 A0748 ae2 OTES 36 PSH

oF 26 sts SP 0746 80 00 BSR
07ES 80 Oa BSR sxBi069F

LOS OaX Ao7ae 6D 06A9 JSR PoP
OTE? 61 2c cmp #%e06A1 aé 00 o748 09 DEX

32 PUL A06A3 08 TNX 07T4C 09 OEX OTE9
RTS06A4 08 INx 0740 TE 04a0 STAX2 STAX OTEA 39

Q6A5 20 €8 BRA RESTR 0750 6 oc ERR220 LOA #220
0752 20 09 BRA ERR22 OTER TE OasF JP S«B

OGAT 8d 16 EXPRPP BSR EXPRT *

OF 1€ POP STX 0620 NEXT
NEXT

JSR TSTv OTEE a6 20 OUTS LDA A #420Q6A9
o€ 80 LOx ExsP 0754 80

PX 07F0 TE 0448 OUTS Jump out06AB
CPX wEXsTK 0757 OF 24 SIX

06ad sc 0080 0759 DE BE LOX FoRSP
OTF3 bid LIST CLR0680 27 A3 Bee €RR1E0 0758 24 acc OTFs 86 01 LOA A

06B2 A6 01 LDA A 0750 a6 01 LOA A
Q1A6 JSR SETLN0684 €6 00 LOA 6 Qex 075F 00 LOA B 06X 07F6 8D
TF werOTF9 cé LOA

w
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LOA A arr 0891 02AC RUN07FB 86 FF
PSH A 0893 as FCB *Eat XenOTFD 36 0894 os07FE 8D ES BSR

0695 €000 Fos RESET0600 32 PuL A
a1 FCB TelCon0801 27 OE BEG LIST2 0697

0803 BD 06AT JSR EXPRPP 0898 35
0806 BO 01A6 JSR SETLN 0699 54
0809 80 D9 BSR TSTCM2 089A CF
0808 26 04 BNE LIST2 0898 019 FOB AUTO
0600 08 TNX 0890 4€ FCB *NetEst wON

JSR EXPRPP OB9E 45080E BD 06A7
STA SP+) 08oF o7o8ll 97 27
STA sep 08A0 01c9 FOb NEw0813 OF 26

List2 A

08A2 TABLE Eeu e0815 DE 26 LDx SP
ac FCB *LetEstTen0817 26 05 BNE ae? 08A2

0619 CE TFFF LOx #32767 08a 45
oeic OF 26 STX sep 08As oe
Osi€ 8D 9278 JSR LNFO 08AS 0608 FOB Let
0621 20 02 BRA aoe 06AT 49 FCs "LeoF on

OBAe co
0623 80 10 LIST3 BSR LISTX 08A9 0295 FOB F

LDA A sped 06AB 47 FCB "Go'Oe*Te"Qen0825 96 27
sp OBAC af0627 06 26 LOA 8

08AD 54Oa29 BD 0300 JSR CMPX cr082C 24 F5 Bcc LISTS OBAE
Os2E a6 03 LOA A #3 OOAF o6c2 FOB GOTO
0630 80 BE 65R ouT3 08B1 ry7 FCB "Ge tOe Sete BON

01Cb JMP CONTRE 08B2 aF0032 7E C9
* 0685 33

0635 86 02 LISTX LDA F #2 0884 33
0837 80 67 BSR ouT3 0885 c2

12 BSR PNUM90639 60
INX 0886 06cs FOB 6osua0838 08

#620 52 Fca *RetEa* Ton083c 86 20 LOA A oops
Oa3e 80 14 BSR P02 0669 43
0840 OF 1E NwLINE STK 06BA
0642 CE 0937 LOx CREE Oese 0698 FOB PLX
0845 80 10 BSR PO 0880 "€ FCB *NetEe*Xet Ton
0847 TF 002€ CLR CHCNT 08BE 45
084A DE 1€ Lx2 LOx osoF 39
o8ac 39 RTS 06co 04

oaci 0754 FOB NEXT
1E PNUM9 STx oecs 4 FCB "Fe "Oe "REN0840 OF

JSR PNUM bace aFOseF 8D Q40A
0852 20 Fo BRA oecs 02

gece 06EC FOB FOR
0854 80 9A PD2 esr outs osce 34 FCB
Ose 08 {NX osce a6
0057 A6 00 PO LOA A 08CA 45
0859 26 F9 BNE Pd2 oece cE
085B 08 INX oscc 0670 FOB THEN
085c 39 RTS 08CE 52 Fce "RetEo*MON

OScF 45
aSTace 0800GasD 8€ A047 ERRMSG LDS co

0860 aD OE BSR NWL INE 0002 026E FDB NXTL2
0862 CE 0926 LOX #ERR 08Ds 50 Fce *PePRal Letne TON
0865 80 FO BSR PO 0804 52
0867 17 TAA ged3. ao
0668 SF CLR 0 0806 4€
0869 80 Ob BSR PRACC 0807 04
0868 DE 28 LOA LNAORS 080s 0335 Foe PRINT

Q8DA a9 FCB
0860 78 C3 amy c9 0806

"Le Ne"Pe'Us Tont

CF tewk [NE 30OaeF ad BSR ogoc
550871 60 C2 BSR LISTX 0800

0673 20 8D BRA c9 Q80E oe
08DF 0794 FOS INPUT

0875 8D OGAT
PREXPR

JSR EXPRPP 08Et 50 FCB "Pr Ren
0878 36 PRACC PSH A 08E2 02
0879 37 8 0SES 0355 FOS PRINT
087A OF 1E STX OBES 49 FCB "Te "NON
os7c 30 TSX OSes CE
0870 80 Do 6SR PNUM9*2 08E7 0794 FOB INPUT
care 33 08€9 53PuL 68

OSEA 54
Fce *Se"Te'Oe Pen

0880 32 Put A
0881 39 RTS Oses 4F

e 08EC 00
0080 eeu 580 08ED 01A8 Fos STOP
0882 TABLE2 * OBEF 45 FCB *Ee'Ne"DON

0882 4c Fce "Letle"SetTon OeFO 4€
Oaas 49 08F1 Ce
0888 53 06F2 018 FOB
0885 D4 Oars FF CONTRE,

0886 07F3 Foe
FCB

0888 4c *LetOet ActOen
List 06FS 0608

* FbB LET
FCB

0689 4F osF? TABLES Eeu086A 41 OaF? 52 FCB Ds "ConOven C4 4E
08ec 0196 F08 LOAO 08FO 44
088E 52 FCB "Rete NON OSFA AS
OseF 55 08FB OSEA Foe RANDOM0890 CE OeFD 41 Fce "Ae"Be'Set ConOsFE a2

PREXPR
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"Computer Faire" Introduced to Japan
through the Nationwide TV Network with
T-Shirt Marked with "Computer Faire"

In the fall of 1977, "The First
West Computer Faire" was introduced
through the Japanese popular TV program
(11 PM Show) of Nippon Television Net-
work System (NTV).

This TV program was broadcasted
through 24 TV stations across the country
with more than 2 million people enjoying
the microcomputer show.

*

TOMSG FOB w1294
FCB

STPMSG FOB ABCO

TABLES €eu *
"Ca He " Ret CON

CHR
*TethetBetCon

TAB

PREXPR

ERROR /

RDYMSG Fee /REAOY/

B00 ce SOACSFFASF
Fe SFFCUFFOUFFSO

093F 80 E1AC INFFF JSR

3RD WEST COAST COMPUTER FAIRE

SYMBOL TABLE
v O01A
PX 0024
AFLG 0020
ExSP 0080
FORSP OOBE
OUTEEE €101

o12c
0161
018A
01A8
0101

ERR110 0227
0240

FINDER 0273
0295

STMT3 0288
SHIFT 02E2
SEARCH 030C

0322 $5
0353
0369
0389

OLVIDE 03a3
ROL2x 0309

040A
043€
045E
0470 E55
oa9c
04BA R2

TABLES o91c

341

se
Photo (clockwise)

i -

OBFF 53
0900 As Professor Toshiaki Yasuda (Tokyo Denki Univ.)0901 04a5 FOB ABS
0903 40 FCB "Me Oe Det Con Mr. Kyosen Ohashi (TV caster)0904 aF
0905 a4 Miss Reiko Itsuki (Miss Itsuki, one of the0906 AB
0907 0505 F0e mod Japanese top fashion models, wears
0909 35 FCB "UstSetRat Con
090A 33 Computer Faire T-Shirt)
0908 52
090 ab Miss Kitsuko Matsuoka (TV actress)
0900 05FC FOB USER
09OF FF FCB Mr. Kazuhiko Nishi (Editor of ASCII magazine
0910 0586 FOB NOTFNC

TABLES EQU0912
w oo1c
sp 0026 LNADRS
CHCNT 902
PRSTRT 0086 PRENO
FORSTK 0100
RESET E000 LOADM
GL3 012F NEWL2
ERR100 0166
INIT] Q188 LOAO
START 0183 MEMTST
C4 0100 EDIT
L0TST 0228
INIT2 0250 DIRECT
LNFD 0278 ERR120
SIZE Q2a0 c?
STmMT& 023 STmT5
TSTHEX 02FL
so 030E

0327 PRINT
PRE 0354 SKB9
ouT? 0368
Pes 0393 FACTPP
ROIV 035 BINOIV
CHECK 03DE SETCNT
PN2 0419 PN3
out 0408 ABSX
SKS Oa5F EXPRS

056E OPRATE 0580 FVAR
PUSHS OSAL ERR15005A6 ER

0583 NOTFNC 0586 FACT9
0050F RANDOM 05EA USER
061A . NONE . 0610 TSTV
0650 TSTE@2 0652 €RR1e0
069F ERR190 066C THEN

RESTR 0692 PLX 0698 EXPRPP
EXPRT 068F GOTO 06C2 GOsuUE

0608 LETL 006€2
0720 ERR210 0728 ERR22
0730 TST3 0T43 FORPSH
0754 NEXTS 077E NEXTS

IN2 OTA7
TSTCM2 OTES SKB.
LIST2 0811 Lists

0840 Lx2 084A PNUM9
0650 PREXPR 0875 PRACC

TABLE 08A2 TABLES 08F7 TABLES
ERR 0928

oo1e
0028
002F BUFFER 0030 EXSTK 0080
0088 RAMEND OOBA
A04ST SUBSTK
0106 GTL INE 010E
0141
0170 BREAK
0196 AUTO
01BA NEW
01EE
0234
0265 NATL
0288
02A9 RUN
02CA
02FF
0312
0335 PRS
0359 PRO
036€ PQUOTE 0378
0394 ERR140 039€
03C8 DIv3
03EB MULT
0422 PNS
0451 NEGX
046 €3

04ae
04c7 Re

0401 TERM2 0409 SAVE
04FD GETN
0538 TERM 0539 TL

FACT? 0357 HEXA2 055C PEEK
058 PUSH
05A8
031
OsFc USER2 0600 ARG
0620 ARRAY 0632 ERR11 0640
0655 ERR19 0657 LETS
0670 POKE
06A7 PoP
06c3 GOT02 06C6 ERR200 0604
06E7 FoR
0720 FOR4
O74
0785
o7eF ERRIO
ovfB ours
0823
084D
oa7e
0912 TOMSG 0914 STPMSG 091A

ROYMSG 0932 CRLF

FCB0912 54 "Teton RND 0020 LN 0022
0913 CF BUFEND 002A LOFLG 002C
0914 1234
0916 53 "Set Tee 'Pen SuBSP OOBC
0917 54 STACK INEEE €1AC
0918 45 GLi 0127
0919 00 GL2 0148 0150
091A ABCD tN 0181 0189

BRE 019C SETLN 0146
STOP 019 CONTRL 01CB

43 FCB MOVE] 01FE INSERT 020A
0910 48 INS2 MOVE2 0237 "OVE3 0247
09LE 32 INSS 026C NATL2
091F ERROR 028A LNFD3 0290
0920 0369 if 02ac STMT 0280
0922 54 FCB HEXA 0206 HEX2
0923 41 CMPX 0300 SRCH2 0307
0924 42 $1 0313 $4 0321
0925 As $3 0339 PRS 0345
0926 036E FOB 035C 0362
092a FF Fce CHR TAB TaB2 0376
0929 0875 Pes ERR130 039A

03CA 0304
0928 45 ERR FCC 03F2 MLT2 03F4

52 PNUM 042F PNS 0438
0920 52 PNG 0455 RABS 0450
092E SF $K62 4 0478
092F 52 9 0493 ADD 0497
0930 20 STAX 04a0 €7 ABs 04A5 TSTE@
0931 00 FCB REL 04c3 RS RS 08CA
0932 52 Re 0408 EXPR 04€0
0933 45 oT LT 0506 GN2 050D
0934 41 NOTN 0520 TSTN OSZE TJ 0538
0935 44 0546 T2 0362
0936 59 FACT 0594 PUSH2 059E
0937 00 CRLF FCB ERR160 ERR170 OSAF
0998 OA SkBe osce MOD 0505
0939 FF 0613
093A FF ARG2
0938 FF NOTV 065A
o93c FF LETS 067A PSX 0684
0930 FF 06A9 EXPRI 068D
093€ 00

Let LET2 06EC FORL 070F
INEEE 0730 TSTSTK 0734

0942 81 60 #860 TsT2 STAX2 0740 ERR220

0944 25 02 acs NEXT INX6 AGAIN
ODE

0946 80 20 sus INPUT 0794 1N3

0948 01 25 cmp #929
LIST LISTX 0835

094A 26 02 ONE NWLINE PD oes?
86 40 LDA #40

ERRMSG 0080 TABLE2 0862
094E 39 RTS

0937 INFFF 093F
ENO
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FIRST West Coast Computer Faire
CONFERENCE PROCEEDINGS
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Readers look forward to each monthly issue ofBYTE
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® software
° hardware
® simulations
* computer games
e
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languages and compilers
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Each monthly issue ofBYTE is packed with timely articles
byprofessionals, computerscientistsand serious amateurs.
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