SECOND

CONFERENCE PROCEEDINGS

Jim C. Warren, Jr., Editor

érch

3'4'5’

1978 San Jose, California



~MICROCOMPU
! — Yy

rence S
ﬂfe P po%itlﬁ

Available for immediate delivery

CONFERENCE PROCEEDINGS

of the largest convention ever held

Exclusively Devoted to Home & Hobby Computing

over 300 pages of conference papers, including:

(Topic headings with approximate count of 7"x10" pages)
g pp g

Friday & Saturday Banquet Speeches (16) Entrepreneurs (6)

Tutorials -for-the -Computer. Novice - (16} - Speech-Recognition-& - - o0 oo
People & Computers (13) Speech Synthesis by Computer (14)
Human Aspects of System Design (9) Tutorials on Software Systems Design (11)
Computers for Physically Disabled (7) Implementation of

Legal Aspects of Personal Computing (6) Software Systems and Modules (10)
Heretical Proposals (11) High-Level Languages for Home Computers (15)
Computer Art Systems (2) Multi-Tasking on Home Computers (10)
Music & Computers (43) Homebrew Hardware (8)

Electronic Mail (8) Bus & Interface Standards (17)

Computer Networking for Everyone (14) Microprogrammable Microprocessors
Personal Computers for Education (38) for Hobbyists (18)

Residential Energy & Computers (2) BAmateur Radio & Computers (11)

Systems for Very Small Businesses (5) Commercial Hardware (8)

-—-—- plus ----
Names & addresses of the 170+ exhibitors at the Computer Faire

Order now from: Proceedings: $12.00 (811.95, plus a nickel, if you prefer)
Computer Faire Shipping & Handling: .68  (Write for shipping charges ouside U.S.A.)

Box 1579 Quiside California: $12.68 _ Payment must accompany _the order,
Palo Alto CA 94302 Californians Add: 72 6% Sales 1ax

(415)851-7664 Inside California: $13.40 __ Pavment must accompany the order.
An 8% x 11 Softbound Book

€177-1-10 by Computer Faire  BOX 1579, PALO ALTO CA 94302 o00o (415) 851-7664



CONFERENCE PROCEEDINGS

Jim C. Warren, Jr., Editor

THE SECOND WEST COAST COMPUTER FAIRE
held in v
The San Jose Convention Center
in

San Jose, California

March 3-5, 1978

COMPUTER FAIRE
Box 1579
Palo Alto CA 94302
(415)851-7075



@ Computer Faire, Inc. 1978

all rights reserved
printed in the U.S.A.

ISBN 0-930418-01-X

Library of Congress Catalog card # 78-53026

These Proceedings were made available, on-site, at the Second West Coast Computer Faire
because of the heroic efforts of Marc Kindree, Nancy Hamilton, Dave Brown, Gary Markesen,
and the other humble super-humans work ing at Nowels Publications, Menlo Park, Califomia;
because of the super-human efforts of Mort Levine, Gil Anderson, Shirley Boggs, Chris Yanke,
Mfke Dawson, John Scroggs, and the other humble heroes working at Suburban Newspaper
Publications, Cupertino, Califorria; because of the humbling efforts of Toby Forshee of
Redwood Trade Bindery, Redwood City, California; and, of course, Bill Baumann, Finally,
the Proceedings could have seen the light of night without the aid of Deft Malloy, and,

in fact, often did.



PREFACE

As a widespread movement, "personal computing” began around January of 1975. It
began as a hobby activity, involving only the dedicated computer hacker and elektroniker
who had the time, talent, and patience to deal with the relatively sophisticated elec-
tronics that was available only in kit form, with -- at most -- minimal documentation,
and virtually no software.

Within less than three years, we saw the entry into the marketplace of several fully §
assembled, ready-to-use microcomputers, priced as consumer products for the interested
technocrat. In noticeably less timethan that, we saw the availability of a variety of
usable -- though certainly limited-capability -- systems software.

That is, by 1977, personal computing had moved beyond the dedicated computer hobbyist
and was beginning to be accessible to the intelligent, logically-oriented novice.

Now -- March, 1978 -- we are seeing the first signs of true "computer power for the
people”, as I believe these Conference Proceedings of the Second West Coast Computer Faire
illustrate.

In the First West Coast Computer Faire, that took place in April, 1977, we had
slightly over a day of Conference activities regarding very-low-cost computers in educa-
tion. This Second Faire has over two days of Conference sessions devoted to the topic.

Last year, we had two talks concerning the topic that is perhaps the ultimately
"personal" application of computers -- computers for the physically disabled. This year,
we have a full day of sessions addressing this topic, including demonstrations of several
operational devices. Additionally, the commercial exhibits include several such demon-
strations of prototype aids for the physically handicapped.

In the 1977 Faire, a Conference section addressed the potential of networking per-
sonal computers. This 1978 Faire -- less than a year later -- includes details of the
protocols, and demonstrations of a functioning personal computing network facility.

Last year, there were few talks concerning the entrepreneur wishing to explore this
new marketplace, and only one talk addressing microcomputing applications in business.
This year, half-day sessions address each of these topics, presenting both ideas and the
results of experience in these areas.

Though there have been something in the order of 30 other conventions addressing
the topic of home and hobby computing, to date, the Computer Faire remains unique in the
fact that it publishes the abstracts and full-text papers of most of the Faire speakers.
We set this as a major commitment when we created the first Faire; we are continuing that
commitment for the second Faire. These Proceedings are the result.

The papers herein were -- at most -- minimally refereed. As was true of the papers
in the first Proceedings, they exhibit a wide range in quality. However, they also
exhibit a timeliness that we feel is essential in a technical area moving as rapidly as
personal computing is -- a timeliness that looks askance at the year-and-more turn-around
time for obtaining publication in the many heavily-refereed, academically acceptable
publications. Additionally, these Proceedings illustrate the viewpoint that one need not
be "academically acceptable™ to do interesting and challenging experimentation. They
also illustrate the view that "novice" is a relative term, and that "state of the art”
has many dimensions.

Jim C. Warren, Jr.
Woodside, California
78 February 18
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It 1s not very often that there is a journal/newsletter that the Digital Group

is able to recommend without some hesitation (and we get them all). However,

Dr. Dobb's Journal of Computer Calisthenics & Orthodontia is one pleasant
exception. Jim Warren, the editor, has put together a good concept and is
managing to follow through very well indeed. There is no advertising in the
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manufacturers have zero leverage over the content of the magazine. The Joyrpal's
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provide a communications medium for interested hobbyists. The appreach is
professional and they are growing quickly.

(In case it might appear otherwise to some people, there is no official link
whatsoever between the Digital Group and Dr. Dobb's Journal - we've taken our
lumps as appropriate just like everyone else when Jim felt they wers justified.)
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DON’T SETTLE FOR ANYTHING LESS

Alan Kay
Xerox Palo Alto Research Center
3333 Coyote Hill Road
Palo Alto CA 94304

Biography

As a child, Alan Kay found himself equally attracted to the arts and sciences. In
fact, he has never been able to discover any important distinction between the two.
A short stint as an illustrator and professional musician was followed by the pursuit
of mathematics and biology, occasionally interrupted by involvement in theatrical
productions.

Eventually he discovered that the world of computers provided a satisfying
environment for his blend of interests. A PhD (with distinction) from the
University of Utah led to a research position at Stanford University and then to the
Xerox Palo Alto Research Center where he is a Principal Scientist and Head of the
Learning Research Group.

In 1967-69, while at the University of Utah with Ed Cheadle of Memcor Inc., he
designed the FLEX Machine, the first higher-level personal computer. At Xerox he
started the Learning Research Group, a ten-year project to produce Dynabook, the
personal computer of the 1980's. He is the initial designer of Smalltalk, the
programming system of the Dynabook.

Whenever he can he designs musical instruments, cooks, and plays tennis.

Selected Writings

FLEX Machine

FLEX, A Flexible EXtensible Language, Tech. Rep. 4-7, C.S. Dept. U. Utah, 1968
The Reactive Engine, PhD Thesis, C.S. Dept U. Utah, 1969

Early Dynabook and Smalltaik

A Persona! Computer for Children of All Ages, ACM Nat'l Con., Boston, Aug 1972
A Dynamic Medium for Creative Thought, NCTE Nat'l Con., Minneapolis, Nov 1972

Vintage Dynabook and Smalltalk

Personal Computing, Con. 20 yrs of Com. Sci., U. Pisa, Italy, June 1975
Personal Dynamic Media, w/ A. Goldberg, Xerox PARC (1975)

" " ", w/ A. Goldberg, exerpts: IEEE Computer, Mar 1977
Teaching Smalltalk, w/ A. Goldberg, Xerox PARC, June 1977
Microelectronics and Personal Computers, Scientifi: American, Sept. 1977
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"SIGNIFICANT PERSONAL COMPUTING EVENTS FOR 1978"

Adam Osborne,

President

OSBORNE & ASSOCIATES, INC., 630 Bancroft Way, Berkeley, CA 94710

Summar

This paper examines the princi-
pal microprocessor achievements of

1977, and forecasts significant events
The emphasis is on semicon-
ductor parts that have been developed

for 1978.

rather than on home computing system
hardware or software.

shipped in 1978 are identified.

The recipient of the White Ele-
phant Award for achievement and per-
sonal computing will be announced at
the dinner. This award is described
in the paper.
tent with the strange logic of the
semiconductor industry, the White
Elephant Award is an award for out-
standing achievement rather than an.

award for lack of achievement, as the

name might suggest.

Significant Developments from 1977

I would like to summarize what
I believe to be the most significant
microcomputer industry achievements
of 1977, while looking at implica-
tions for 1978.

At the level of semiconductor
components, 1977 was a remarkable
year in terms of product announce-
ments and a pretty good year in
terms of products actually being

shipped. Let us look at the sig-
nificant semiconductor developments
of 1977.

In 1977 the one-chip, 8-bit
microcomputer became a reality.
Mostek started to ship the 3870 -
a one-chip F8 - in volume. Intel
followed closely behind with the
8048 family of one-chip microcom-
puters. The 8048 family is remark-
able for the presence of the 8748
series, which provides erasable
programmable read-only memory on
the microcomputer chip. This is
a very significant industry first.

The 8041 and 8741 are varia-
tions of the 8048 that need tc be
specially identified. A casual
reading of data sheets might lead

WEST COAST COMPUTER FAIRE

The three most
significant parts to be developed and

In order to be consis-

one to believe that the 8041 and 8741
are simply ‘variations of the 8048,
aimed at some obscure corner of the
market. Nothing could be further

from the truth. The 8041 and 8741

are significant devices because they
have clearly filled a need. Let us
explore this need. The concept of the
one-chip microcomputer was easy enough
to grasp. Based on the high sales of
the two-chip F8 configurations, the
economics of having a very low-cost,
high-volume, low part-count microcompu-
ter were self-evident. But this one-
chip microcomputer provides a small,
isolated logic system that may well
exist on its own. A more subtle and
troublesome problem is the sub-logic
function, characterized by the device
controller. It is easy enough to iden-
tify device controllers such as floppy
disk controllers, etc. Any microcompu-
ter system will contain one or more

of these peripheral devices, each of
which needs its own interface logic.
Unfortunately, this interface logic
must usually be custom designed, re-
sulting in support functions costing
far more than the Central Processing
Unit. This is a problem which is more

-significant - than might at-first-appear,

since microprocessors are being used

in such a wide and varied set of cir-
cumstances. Thus, we are not simply
talking about peripheral devices such
as floppy disk printers and video dis-
plays - we are talking about an endless
and probably unknown set of interfaces.
The 8041 and 8741 address themselves

to this sub-logic, interface market.
Irrespective of what the CPU and the
peripheral may be, an 8041 will gene-
rate the necessary interface intelli-
gence, providing this interface intell-
igence can work within the speed, memory
and I/0 constraints of the 8041. To
complete the effectiveness of the 8041,
the 8741 allows you to generate inter-
faces (initially in low volume) by using
an erasable programmable read-only
memory to hold programs as they are
developed.

We select the 8741 as the most

significant part to be introduced and
shipped in 1977.

BOX 1579, PALO ALTO CA 94302




The next area of significant
development has been the 16-bit
microprocessor. Fairchild introduced
the 9440 and started to ship this
microprocessor, while Data General
introduced and started to ship the
| MicroNova. Both the MicroNova and
the 9440 are one-chip implementa-
tions of Data General Nova Central
Processing Units. The MicroNova is
an implementation of the Nova 3, while
the 9440 is an implementation of the
Nova 1200.

Specialized processors have
also begun to appear. Advanced Micro
Devices has introduced the Am9511,
which is an arithmetic processor.
This very significant device finally
makes it practical to use micropro-
cessors in intensive computation
applications. The Am9511 brings
trigonometric functions, logorithms,
exponentials and multiprecision
arithmetic to microcomputer systems.
We select the Am9511 as the second
most significant part to be introduced
during 1977.

The next area where we have seen
very significant developments is in
support circuits for microprocessors.
A wealth of parallel I/0 devices,
serial I/O devices, DMA controllers,
priority interrupt controllers and
peripheral interface circuits were
introduced. We believe the most
significant interface circuit to be
introduced and shipped is the Z80 SIO
device. The 280 DMA device should
also be mentioned, but 2ilog is not
yet shipping it.

In 1977, Mostek became the first
company to start shipping 16K-bit dy-
namic RAMs in volume. Here again is
a development whose significance can
easily be overlooked. Why get excited
about just another memory device?

Very large, low-cost memory devices,

as they appear in the future, are like-
ly to revolutionize more industries
than any other single development.

I single out the music industry - the
recording and reproduction of sound -
as the one likely to experience deva-
stating changes in the future.

Although 1977 was a year for
announcements and product releases,
1978 is likely to see even more dra-
matic new microprocessor-related pro-
ducts. Specifically, 1978 will be the
year of the 16-bit microprocessor -
with the announcement and delivery of
Intel 8086's, Zilog Z8000's, and sub-
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stantial deliveries of TMS9900's and
Fairchild 9440's. Given these develop-
ments, what impact, if any, can we
expect on personal compiting?

The answer, surprisingly, is very
little. Even now, three years after the
first home computers appeared, there is
a crippling shortage of software, even
to support 8080-based microcomputers.

If a manufacturer were to switch in 1978
to a new 16-bit microprocessor, it is
likely to be three or four years before
this new microcomputer system has any
reasonable amount of software support.
Thus, the "software prop" is likely to
keep existing microcomputers in. commer-
cial .production for many, many years to
come. This "software prop" will be re-
enforced by the fact that, for many app-
lications, the existing 8080-based micro-
computer systems are more than adequate
in terms of computing power; any switch
to more powerful microcomputers would
have little tangible economic advantage.
Even for those applications where more
computing power is needed, there is
always the alternative of moving to new
8080A Central Processing Units that are
faster - and therefore more powerful -
rather than moving to entirely new micro-
processors and instruction sets.

It is easy to fall into the trap
of looking upon new microprocessor
products as "new waves" which replace
everything that came before them. I
believe this is a very inaccurate
visualization of reality. It is more
accurate to think of new microprocessor
products opening up new markets - for
which older microprocessor products
were inadequate. Once some particular
level of microprocessor product has been
adopted, it will be used for a long time
to come because the cost of re-engineer-
ing to take advantage of new, more recent
developments is simply not realistic.
That is to say, new personal computers
were manufactured when 8080A Central
Processing Units and support circuits
made them economical in the first place.
Since 8080A Central Processing Units
and support circuits were adopted in
personal computers, they will be the
mainstay of personal computing for many
years to come. The fact that an 8086
will be available in 1978 does not mean
that three years from now all 8080A-
based systems will be obsolete. Far
from it. The 8086 is going to have to
make its own new markets, and will have
little impact on established markets
for past microprocessors. Therefore, if
you are looking at the personal computin:
industry and deciding when to jump in,

BOX 1579, PALO ALTO CA 94302



your answer is: as soon as you find
products you can use. Do not wait
until next year for better products
which may appear, because next year
you will be waiting for the follow-
ing year, and you may finish up wait-
ing forever.

The fact that new developments
will not cause old developments to
become obsolete is made more certain
by the huge customer base for per-
sonal computing products which
already exist. The personal compu-
ting market buoyancy is attested to
by the present show, and by the
success of so many other shows
around the country. This success
has resulted from a combination
of eager customers and willing
visionaries who had the foresight
to see what was coming and the
vigor to help it on its way. My
principal purpose tonight is to
recognize the individual who I
believe has done more in the past
year to further personal computing
than anyone else. The name of
this individual will be announced
at the dinner and not in this
paper. To this individual, I
plan to present a singularly apt
award. In order to be apt, this
award must recognize the perver-
sities of the semiconductor in-
dustry. Instead of rampant infla-
tion, this is an industry of ram-
pant deflation. Instead of pro-
tecting every new product from
" competition, this industry runs
out to find a second source, who
is given all necessary secrets to
compete effectively. Since every-
thing is back-to-front in this
industry, it is only appropriate
that an award for achievement be
given a name more aptly associated
with lack of achievement. There-
fore, the annual award which I plan
to present will be known as the
White Elephant Award. But, instead
of representing the biggest waste
of effort, my White Elephant award
will recognize the best-spent effort.
The award consists of an 8741 chip,
which is my choice for Chip-of-the-
Year, mounted on a suitable plaqgue
with a microscopic White Elephant
cemented onto the surface of the
chip. I plan to award this trophy
annually, using the Chip-of-the-
Year for each year's trophy. 1
furthermore plan to choose the chip
and the recipient of the award
entirely on my own, without letting
my judgment be clouded by committees

WEST COAST COMPUTER FAIRE

or input from the personal computing
community.

In recognition of® the individuals
who made the selected chip possible,
the award will list these individuals
in addition to the person receiving
the award.
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DINKY1 COMPUTERS ARE CHANGING OUR LIVES

Portia Isaacson, The Micro Store
634 S. Central Expressway, Richardson, TX 75080
(214) 231-1096

Computers can now (or will soon be)
found in cars, sewing machines, tombstones,
typewriters, and pinball machines. The age of
the abundant computer is here. As it com-
pletely unfolds we will think we have entered
a land of science fiction. Dinky computers
will permeate virtually all aspects of our
lives. Computers will be used in old ways by
people and businesses who couldn't afford them
before and in many exciting new innovative
ways that we couldn't even have thought of be-
fore.

Computers have been around for some time.
Why all the fuss now about change? The answer
is simple. We now realize that computers can
be useful to individual people. A few years
ago the price of a computer dropped past a
threshold that caused a lot of people to under-
stand that the computer was a personally use-
ful tool. A few people understood before, but
now that idea is so popular that it has some
of the aspects of a religion. The idea of the
personal computer certainly has a large and
active following.

The changes brought about by dinky com-
puters will be many and not all will be good.
Change will be rampant in the computer in-
dustry. But few institutions or individuals
will escape without change. Businesses both
large and small, the U.S. economy, labor,
women, the handicapped, the data processing
professional, govermment, the U.S. Postal
Service, and our educational system are among
those that will be changed by dinky computers.

Business, Labor, and the Economy

Small businesses can make use of dinky
computers in a variety of ways--most of them
scaled down versions of the same applications
in big businesses. Applications common to
most small business include: general ledger,
accounts payable, accounts receivable, pay-
roll, and inventory control. Some businesses
will find a use for word-processing in the
generation of letters and reports. Mailing
list maintenance and label generation are
popular computer uses. A small business

1Of the many words Ted Nelson has given us,

this is one of the best.
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might find a computer useful in scheduling
people or equipment. Some businesses will
have applications specialized to their own
business such as a personnel agency's main-
tenance and search of an applicant data base
or a savings and loan company's calculation of
amortization schedules. Innovative appli-
cations might include sales forecasting, elec—
tronic mail for ordering, building security,
energy conservation, games as sales techniques,
and graphics in advertising displays.

A typical configuration for a small
business computer system including 32K bytes
of memory, dual floppy disks and a continuous
forms printer costs less than $5 per day when
amortized over three years. Small businesses
commonly find that a computer costing less
than $5 per day can replace one or more
employees and can give the management more
timely and accurate information than they
were getting before. In general, the effect
of the computer on the small business is to
improve productivity while reducing costs
primarily by reducing the number of employees
in relatively unskilled positions. By re-
ducing overhead an increasing number of small
businesses will find themselves viable. This
experience is not unique to small businesses
but is the same as that of large corporations
which preceded them in the use of business
computers. Future applications could include
conferencing and working at home.

The effects of the managers' use of the
dinky computer will be many. The productivity
of clerical employees will be increased. The
effect of an easily accessible private com-
puter will be to improve budgeting and project
control techniques. Electronic mail will de-
crease the need for unskilled labor and de-
crease the use of the post office.

The same $5 per day business computer
system found so helpful in small businesses
will also be useful to the manager in the
large corporation. Now a manager at nearly
any level can afford his or her own private
computing resource. One of the first appli-
cations will be word processing for the
preparation of letters, memos, and reports.
Other immediate applications include:
budgeting, project control, maintenance of
specialized data bases, sales forecasting,
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scheduling, reminders, mailing or routing list
maintenance, and electronic mail.

The overall effect of the use of low-cost
. computing in business will be an increase in
national productivity and an improved economic
position for the U.S. in the world marketplace.
The U.S., as the undisputed leader in low-cost
computing technology, will be able to use this
technology as a principal weapon in any future
economic war.

The labor force will experience both
positive and negative effects of low-cost com—
puting. On the positive side, there will be
reduced need for people to do boring work.
However, there will be a reduction in the de-
mand for relatively unskilled labor such as
clerical, mail service, and bookkeeping.

Since .most of these jobs are now filled by
women, women will be hardest hit by the re-
duced demand for unskilled labor. Countering
the increasing demand for programmers will be
the fact that entry-level programmers will be
in plentiful supply since low-cost computing
will make computer education, even self-
education, widely available.

Now computer-inventiveness is in the
public domain. Before only large corporations
and well-endowed universities could invent
products containing computers. Now the man or
woman on the street has economic access to
computers and can use them in inventions.

I'm sure they will. The same inventive talent
that brought us the automobile and the elec-
tric light will bring us "intelligent" compu-
ter-based products that are now beyond our
imagination. The businesses springing up
around these inventions will employ people and
further improve the U.S. economic position.

The Computer Industry

As the demand for dinky computers goes
up, the demand for gargantuan computers will
come down. It will often be found that new
applications, or portions of new applicatioms,
are more economical on small computers. The
traditional corporate demand for bigger and
bigger computers will slacken as fewer new
applications are developed for it. Addi-
tionally time-sharing use of the big corporate
computer will be replaced by small computers
in instances that are not locked in by data
bases or applications software.

The corporate data processing center
will lose control of the data processing
function as more and more departments own
their own computers. The DP center will do
less new development since new projects will
be done at the department level if possible.
The DP center may find a new role when depart-
ments realize that they want to access the
central data base and communicate with the
computers of other departments. DP's new
role will be in planning the distributed
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data base and communications networks. This
role will not be easy since departments will
realize that information is power. The
struggle over how to distribute the data base
will be a power struggle between departments
with DP caught in the middle.

Now that computers can be owned by indi-
viduals or dedicated to the use of an indi-
vidual in a corporation, there is little need
for time-sharing. In fact, time-sharing was
invented as an attempt to give the illusion
that each user had his or her own computer.
Now that each user can have his or her own
computer, time-sharing is no longer needed and
the overhead required by sharing makes it un-
competitive. Present time-sharing customers
will, of course, stay with time-sharing if
they are locked in by software or data bases.
Additionally, there are a few applications
that may need resources too great for today's
dinky computer.

The big computer will not go down with-
out a fight. We can expect to see signifi-
cant price cuts in order to keep the
gargantuan machine alive. But ultimately
the giants will be kept only to run programs
too hard to change. Most new architectures
will be based on unshared computers, shared
large disks, and shared fast peripherals
connected into networks. The heyday of dis-
tributed computing will have arrived.

The new computer industry will see many
opportunities. Computer manufacturing and
distribution will be feasible small businesses.
The new small companies with low overhead will
keep the price of computing low; and, in fact,
may provide the solution to the problem of the
present near-monopoly in the industry. There

will be a new economics assoclated with mass .

produced software. A complex software package
may sell for just a few dollars because it wil
be sold thousands of times. Individuals may
be able to capitalize on their efforts in
software creation'through royalty payments in
much the same way as authors of books do now.

The data processing professional will be
faced with many changes. The data processing
department will need maintenance programmers,
communications and network experts, and data
base designers. Programming will be done in
user departments where application knowledge
will be at a premium. So programmers who
don't fit into the new DP department will find
themselves in user departments specializing
in a particular application area. This
specialization will certainly limit their
mobility.

Although lower-cost computers will mean
moré computers and a great demand for pro-
grammers, the greater demand will be offset
by a greatly increased supply of entry-level
programmers and the fact that programming
will be easier. Schools at all levels will
be able to offer computer training since the
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hardware is now affordable. Many people will
even teach themselves how to program. The
new dinky computers are interactive and much
easier to program than big batch computers.
All this could lead to a decrease in the
salary-level of entry-level programmers. Ul-
timately this must affect other levels.

As the public becomes more and more
knowledgeable about computers, the job of the
data processing professional will seem much
less glamorous and mysterious and much more
just an ordimary job. This will have more
than just an ego deflating effect on the pro-
fession. A computer-literate public will de-
mand that the programming job be done properly
with the good of the public an objective. We
can expect to see a public demand for legis-
lation to control computer usage and program-—
mer qualifications. As the public becomes
more aware that they are becoming increasingly
dependent on unproven computer technology, our
profession may find itself in the fish bowl
of public controversy.

Govermment

Govermment at all levels will experience
most of the problems and opportunities of
businesses. In addition, govermment will face
some unique changes. The increasing use of
electronic mail will bring about further de-
clines in the use and efficiency of the U.S.
Postal Service. Government may be able to re-
duce the demand for energy by encouraging the
use of computers to control and conserve ener-
gy usage in homes and industry. Crime can be
decreased through the use of computerized
security systems. The cost of political
campaigns may be decreased by applying -low-
cost computing to the data processing tasks
involved in a campaign. Govermment must help
solve the problem of protection for the
author's rights in mass-produced software.
Increasing displacement of unskilled labor by
computers will be a difficult govermmental
problem. New legislation may be required
to control computer technology. Finally, our
government will be faced with the new ghetto
of the computer "have-nots."

The Individual

All the changes previously mentioned
affect us to some extent individually. There
are other effects, however, that deserve
mention.

The computer brings us a new form of
entertainment. It is entertaimment through
the simulated experience. Often called com-
puter games, this form of entertaimment can
offer very challenging and highly involving
activities. The most popular game of this
class is Star Trek. It lets one pretend to
be captain of a star ship charged with
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defending the universe against klingons.

The strategies and events are intricate and
demanding requiring quick and correct de-
cisions. Computer games are often intel-
lectually stimulating as well as just plain
fun. Although the computer games encourage
socialization to an even less extent than
television (there are no commercials), at
least they involve the player in the activity
unlike passive television-watching.

Besides games, the computer offers other
opportunities for entertaimment and creativi-
ty via computer-generated art and music. For
several years a few artists and musicians
have experimented with the computer as a tool
for creativity and expression. Now the com-
puter as an artist's tool is available to
:many. ,

The low-cost computer coupled with video
disk technology could do much to increase the
availability and flexibility of personalized
education. These new technologies make high-
quality computer-assisted instruction techni-
ques affordable by educational institutionms,
libraries, corporations, and individuals.

The place of education may become much more
flexible. The role of the educational in-
stitution may change to primarily that of
preparing courseware and certification of
knowledge or skill levels.

Computers can be used in many ways to
improve the lives of the handicapped. A
person without arms or legs could control a
wheelchair by voice commands. .A blind person
might use a typewriter, computer terminal,
or calculator that speaks each letter or
number. A deaf person might use a telephone
that visually displayes messages. A speech-
impaired person might use a speech synthesis
device that spoke what was entered at a key-
board. The possibilities are exciting and
many.

In the gizmo age we will be surrounded
by "intelligent" devices ranging from the
self-dialing phone to the self-flushing toilet.
Most of these devices will be helpful and
friendly, but not all. The computer-generated
junk phone call is with us. A computer-based
device can place calls, play a recorded
message, record a response, and even accept
touch-tone input of a credit card number for
a purchase. The unlisted number doesn't help
since the device could place calls to all the
numbers having a certain prefix--a very in-
expensive way of placing calls to a part of
town corresponding to a certain economic
level. The devilish device could remember
that you didn't answer and call until you do.
It could even remember that you hung up and
pester you until you listen. Unfortunately,
junk telephone calls are a fraction of the
cost of junk mail. A bill has already been

introduced in the Congress to control this

nuisance made possible by dinky computers.
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What will be next?

Low-cost computing will add fuel to the
already threatening invasion of individual
privacy. Abundant dinky computers mean data
bases too numerous to control. An indivi-
dual won't have a chance of knowing whose
keeping what records about him or her. Cheap
computers will mean increased feasibility of
surveillance of individuals by govermment or
business. The IRS might be able to check, in
detail, every tax return. Isn't that exciting!

Conclusion

We've surely only glimpsed the brave, new
world being created by dinky computers. The
next few years will be more exciting and
probably less believable than most science
fiction. I want to be there as it happens.
Perhaps I can help . . . . .
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BEGINNER'S GUIDE TO COMPUTER JARGON

John T. Shen.

Computer Scientist & Consultant
Naval Ocean Systems Center

271 Catalina Blvd

San Diego, CA 92152

Human nature being what it is, we're always trying
to deyelop tools to make problem-solving easier.

We also try to develop tools to do monotonous and
mechanical jobs so we*11 have more free time to do
the things we enjoy. So, ualike humans, the tools
we develop make fewer mistakes, work without getting
tired and don't go on strike.

One of the best tools we've created is that
creature called "computer." But what is a computer?
What's the difference between a computer and a
microcomputer? What do we mean by multiprocessing?
And what do we mean by large scale integration
(Ls1)?

A computer is an electronic tool that can
accept information supplied by a human or another
machine. A computer also accepts instructions
regarding what to do with the information
supplied. The computer then performs the
operations on the given information. After the
instructions are performed, the computer
supplies the results to the person who requested
them, or to another machine which may need the
results to carry out other operations.

A basic computer is usually composed of
an input and output (1/0) unit, memory (or
“storage") unit.

The input unit accepts the information to
be operated on from people or other machines,
and the output unit makes the results available
in terms a human can understand.

The memory unit stores information until
needed by one of the other units, such as the
arithmetic and logic unit, the control unit
or the I/0 unit.

The arithmetic and logic unit (ALV) does
the arithmetic and logic operations necessary
to sort or search for particular items or
perform mathematical procedures.

The control unit manages all the other
units. For example, the control unit decides
when the I/0 unit will accept information and
when the information should be sent from the
I/0 unit or the memory unit to the ALU for
processing. The control unit also decides
what operations to carry and in what sequence.
When an operation is completed, the control
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unit decides whether the results should
be sent to the I/0 unit or the memory
unit.

The technology for building today's
computers is very different from the
technology that built computers 10 to
20 years ago. Until the late 1950's,
computers were built from electronic
tubes, mechanical relays, resistors
and capacitors. We call these computers
the "first generation":

From the late 1950's to the early
1960's, computers were built from
discrete transistors, resistors and
capacitors. We call these computers

the "second generation"!

In the early 1960's, a new tech-
nology arose, called integrated circuits
(IC), where many components are fabri-
cated on a chemical substrate called a
"chip", which is about 1 centimeter
square. In the early 1960's only 100
transistors could be packed on a chip.
Computers implemented with 100-transis-
tor chips are called the "third-genera-
tion".

Later, new fabrication techniques
were developed, so that today we can
pack 1000 or more transistors on a
single chip. We call these computers
"fourth generation".

From the first to the fourth
generation, the physical size of a
computer with the same computing power
shrank drastically. The cost also
decreased impressively, and the com-
puting speed increased several magni-
tudes.

A computer designed for use in
many fields of business and science is
called a "general-purpose computer".

A computer designed for a specific
purpose, such as monitoring a patient's
heart condition, is called a "special-
purpose computer”.

A small computer is called a "mini-
computer”". A very small computer is
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a "microcomputer". The central processing unit
(CPU) of a microcomputer is called a "micro-
processor".

If a computer has more than one CPU, and if
the CPU's are operating in parallel, the computer
is called a "multiprocessing computer" or a "multi-
processor".

But just having a computer will not solve
your problems. You need a way to instruct the
computer to solve a problem. One way is to write
a "program" (a set of instructions or steps that
tell the computer exactly how to solve a problem.

Since English is our native language the
languages used for writing programs are usually
English-based, examples of English-based languages
are FORTRAN, COBOL and ALGOL. Some of the pro-
gramming languages are mathematically-oriented,
such as APL. Both types are "human under-
standable". They are called "high-order languages”.

But all computers are built on the simple
language of "yes" and "no" or (1's and o's), which
is the "machine language". To use high-order
languages, we must build translators to act as
interpreters between man and machine.

The programs programmers write to solve
their particular problems are called "application
programs". The large program developed by the
computer manufacturer for managing the computer
resources such as I/0 devices, memory spaces and
CPU time is called the "operating system".
Programs that facilitate the easy use of I/0
devices and peripheral memory are called
"utility programs".

The application programs, language trans-
lators, operating system and the utility pro-
grams are called "software".

When a language translator completely trans-
lates a program before the execution of that
program, the translator is called a "compiler".
If a translator translates one statement of a
program at a time and executes that statement
immediately, the translator is called an
“interpreter".

When a portion of a control unit is
electrically programmed into a device call
"read-only memory' (ROM), or when some of the
software is electrically programmed into one or
several ROMs, the programming is called "micro-
programming".
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EVERYTHING YOU NEVER WANTED T0 ASK
ABOUT COMPUTERS BECAUSE YOU DIDN'T
THINK YOU'D UNDERSTAND IT ANYWAY,
] OR

A TALK FOR PEOPLE WHO GOT TALKED INTO
COMING HERE BY SOMEONE ELSE

Copyright Jo Murray, 1978

Jo Murray
2325 Leimert Blvd.
Oakland, Ca. 94602

This talk will trace the history of
computers, beginning with Charles Bab-
bage, who might have given us computers
more than 100 years ago if he had only
known more s&bout electricity. Bab-
bage was aided by the Countess of Love-
lace, the daughter of that soulful and
anti-machinery poet Lord Byron. Then
there was George Boole, another nine-
teenth century figure who gave us the
symbolic logic that lets computers de-
cide what to do next. The history
continues into the current century with
a few references from such technical
publications as Alice Thro The Look-
ing Glass, a brief description of
vacuum tubes, transistors and the sil-
icon chips that run the computers at
the Faire, and no formulas whatsoever.

If you're one of those people who
have been thinking that all:computers
do is print out bills in funny look-
ing numbers and letters and then con-
fuse your orders with your next door
neighbor's, then this is the place for
you,

You know, you just kept thinking
that if you ignored them long enough,
they'd go away., Then the humans who
could do thinks like talk on the tele-
phone and read names and addresses in
longhand instead of making you put them
in block letters in little squares
would come back.

But so far they haven't. And if
you're like me, one day you decided
1t is convenient to have computers
that know whether there are sesats on
planes and telephones you can use to
call across the country and little
calculators you can hold in your hand,
That's not even considering all the
wonderful machinery here today.

Not all of the electronic marvels
we have today are computers, strictly
speaking, But it 1s getting very hard
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to ignore them.

Actually, when computers were first
invented, Just about everybody did ig-
nore them, Hard as 1t is to belleve,
there was & man back in the early nine-
teenth century who invented all the
principles of computers. His name was
Charles Babbage, and he got a lot of
help in interpreting hls ideas from the
Countess of Lovelace. You may know her
better as the only daughter of the
poet Lord Byron. Other people call her
the first computer programmer.

Her parents separated Just after she
vwas born, and she never saw her father,
but he did write her letters and he
apparently referred to her in some of
his poems, although he didn't seem en-
tirely pleased with her intellectual
A lot of people think he may
have had her in mind in the passage in
Don Juan which reads:

"ipig pity learned virgins ever wed

With persons of no sort of education

For Gentlemen although wellborn and
bred ,

Grow tired of sclentific conversatlion.

I don't choose to say much upon thils

head,

I am a plain man and in a single
station

But, Oh ye Lords of ladies intel-
lectual,

Inform us truly, have they not hen-
pecked you all?"

Other people thought a little more
of her intellectual talents, When she
first met Babbage, she was with a group
that was described as looking at his
machine as if they were a bunch of
savages looking at a gun for the first
time. But Lady Lovelace apparently
grasped the principles of Babbage's
machine the first time she saw it.

She even predicted that some day the
englnes would be used to write music.

Babbage got the ldea because he was
fed up with the mathematical mistakes
of the times. In his day, sailors and
astronomers and anyone else interested
in math carried huge books of tables.
But they were calculated by hand and
they were set in type by hand, and the
number of mistakes was incredible.

One book of calculations for sailors
was 80 bad that the captain of one
ship, who got it as a gift and didn't
realize it was more vaulable for its
beautiful bindag than 1ts accuracy,
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was never heard from again,

So Babbage sat down and invented
his difference engine, as he called
1t, It worked by calculating tables,
using the difference between two num-
bers. The idea was that if one pound

of meat cost five shillings, two pounds

would cost ten shillings and three
pounds would cost fifteen shillings.
So 1nstead of multiplying three times
five to find out how much three
pounds of meat would cost, you could
look at a table that was constructed
by adding five each time.

The machine was also capable of
making tables involving squares of
numbers, using the principle of the
second derivative, or "difference,"

This principle was not new: this
was the way most mathematical tables
were constructed at the time. What
was new was the idea of having a
machine do it, and the i1dea that a
machine could be constructed so it
would never make mistakes,

Babbage used punch cards, which
had been developed in France to con-
trol looms so they would weave pat-
terns in cloth, to feed his machine
information. He even devised an in-
genious system, based on logarithms,
so the machine would stop and ring a
bell 1f the attendant gave 1t the
wrong card. The engine printed out
the answera itself to eliminate the
possibility of mistakes in typeset-
ting. He then went on to design a
more sophlsticated machine, which he
called the analytical engine, that

-—would  do-almost everything computers -

do today.

Babbage's principles were so close
to today's that Howard Aiken, who
helped bulld one of the early modern
computers, once said, "If Babbage had
lived 75 years later, I would have
been out of a Job."

Babbage, who held himself in very
high esteem, apparently agreed. He

wrote that if anyone later developed a

similar machine, "I have no fear of
leaving my reputation in his charge,
for he alone will be able to fully
appreclate the nature of my efforts
and the value of their results."
When Alken came across these lines,
he said he felt like it was a volce
personally addressing him from the
grave,

But Babbage had two things golng
against him, and his engines were
never completed.

For one thing, electriclty had
Just been discovered. It was only
in 1831(that Michael Faraday discov-
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ered a moving magnet would induce an
electrical current in a coil of wire,
For another thing, toolmaking was
a relatively new art. Clocks were
about the most complicated machines

that existed, and they were all individ-

ually made by hand. Since hecould not
use electricity, his machines needed
an enormous number of gears. He
had to have a workman make most of
the tools he needed to make the pre-
cise gears, and then hils chief workman
got mad and quit and ran off with the
tools, But that was another problem.

Babbage did gain a sort of prominence
for his time. There were just emough
people who appreciated his genius that
when he died in 1871, the Royal College
of Surgeons of England preserved his
brain, which is still there today.
But the surgeons who examined it to
s8ee 1f brain looked different from
anybody else's couldn't find anything
especlally remarkable about 1t.

After Babbage and the examination
of his brain, computers faded from
the scene for awhlle. There weee just
& number of minor steps that all had
to be taken before the first modern
computers could be built during World
War II.

For one thing, Babbage wanted his

engine to be smarter thanmost computers

are today. He wanted it to be able
to do sophisticated thinge like add
204 and 311, Both of his engines--
which were never completed--were to
do thls using the decimal system in
the same sort of way that the odometer

‘on & car worke. “When oné row of Tig- T
ures reached 10, it was to automatical-

ly cause the wheel of figures in the
next row to turn.

Today's computers don't even try
to count as high as 10. They're like
the Red Queen in Alice Through the
Looking Glass. You remember when she
asked ﬁlIce, "What's one and one and
one and one and one and one and one
and one and one and one?"

"I don't know," Alice replied. "I
lost count." And then the Red Queen
yelled, "She can't do addition."

Well, the difference between us
and computers is somewhat like the
difference between Alice ad the Red
Queen. Just about anybody here can
add 204 and 311 in their heads if
they put their minds to it. But if I
8tood here and said "one" over and
over again, first for 311 times and
then for 204 times, I doubt that any-
body could tell me exactly how many
times I said "one."

Well, this ie what computers do.
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They say one, one, one, one, one, one,
one, etc. and they keep track of 1it.
Or they subtrac#‘one’ two or three hun-
dred or thousand times. And 1f you
think about it, multiplication 1s
simply a matter of adding numbers and
division is simply a matter of sub-
tracting the divisor over and over.

Actually, it's a little more compli-
cated than this, but this is basical-
1y how they work, The don't know any
numbers but ones and zeros and they
count them over and over again.

This is known as the binary systen,
and when you take the blnary system
and electricity, you can do some in-
credible things with computers.

The reason we use 10 as a base 1is
probably because we have 10 fingers.
Babbage used base 10, too. But the
modern computers don't have 10 fingers
or even 10 rows of diglts llke the
early machines, They just have elec-
trical switches., They're elther on
or off. They either have current flow-
ing through them or they don't.

If they're on, the computer counts
them as one., If they're off, the com-
puter counts them as zero. Thils glves
you a numbering system that's very
easy for computers, even though it's
difficult for humans.

Probably people who work with com-
puters a lot can look at binary fig-
ures and read them as easlly as we can
read the decimal system. But I can't.
So I'm going to refer to this little
card to explain the binary system.

The digit in the righthand column
represents the number of ones. The
other columns are not powers of 10,
but powers of 2.

Binary Decimal

1

10
11
100
101
110
11
1000

(21+0)
(214+1)
(2§+0+0)
(2 +0¢1)
(22+2%0)
(224+21+0)
(23+0+0+0)

Q=3 O\ VI =

You can add them just like you
add in the decimal system, except
that as soon as the total 1s 2,
you have to carry a digit to the
next column.
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Decimal
Equivalent

Binary

1 1
100 %

You can also use the on-off switches,
or the zeros and ones, to represent
letters. You can say A=0, B=1, C=01,
and so on. By the time you get up to
five digits, you have 32 different
combinations and that's enough for
the entire alphabet. From there,
you can write anything.

So now you've got all this material
in the computer represented by ones
and zeros. But you 8still have to do
something with it. That's where George
Boole comes in.

Boole was an Englishman who lived
during Babbage's lifetime. Boole
lived from 1815 to 1864, and Babbage
did most of his workfrom 1812 to 1842,
but I haven't come across any evidence
that the two knew each other.

Boole developed something called
Boolean algebra, which is really more
symbolic logic than algebra. He
also was one of the first people who
argued that logic should be a branch
of mathematicse, not philosophy, and he
certainly had some good reasons for
it, Today youfind a falr number of
philosophy majors working with com-
puters, and it's not as odd as it first
sounds. The computers work on the
same principles of logic that philoso-
phy departments teach.

Boolean algebra is the type of loglc
where you have those llttle puzzles
that look as i1f they came out of
algebra books, such as "If A 18 true,
B is not."

Nobody found much practical use for
this until this century when a man
named Claude Shannon was working on
his master's thesis, and discovered
you can change these logical statements
into sets of ones and zeros and let
*he computer use the rules of Boolean

1gebra to make its own decisions about

1at to do next. This ia the sort of
logic that should tell the computer 1t
doesn't have to send you a bill if
you don't owe the store ag money. The
computers that haven't been programmed
very well are the ones that send you
a bill, anyway.
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They say one way to tell if you'd make
a good computer programmer is to take a
puzzle llke this one from Litton Indus-
tries, If you can figure this out and
think it's fun, you'd probably make a z
good programmer. If you're ready to
throw up your hands in despair, you'd
better stay away from programming.

"If Sara shouldn't, then Wanda
would. It is impossible that the state-
ments: 'Sara should' and 'Camille
couldn't' can both be true at the same
time. If Wanda could, then Sara should
j and Camille could. Therefore Camille

could, Is thls conclusion valid?"

Now that you know whether you should
be a programmer or not, we'll go on.

Another name you hear a lot id that
of John Von Neumann. He's the one who
figured out that you could put the
entire program into binary form. Just
why he decided to do this I'm not sure
because 1f there was anybody who didn't
need computers, it was Von Neumann,

One story about him 1s that one of his
fellow researchers had stayed up until
4:30 a.m. doing five problems with a.
desk calculator. Then he decided to
play a trick on Von Neumann. Von Neu-
mann came 1in the next morning, and his
friend asked for help in solving the
problems., In five minutes, Von Neumann
had worked out four of the problems in
his head, The other person, who still
dldn't say he already knew the answers,
then announced the fifth answer. Von
Neumann apparently was quite perturbed
that someons could figure out a better
solution to the problem than he could
Juntil ‘hey told him what was golng on.

The early computers worked on
vacuum tubes, and that soon got to be a
problem, Vacuum tubes get very hot and
they burn out. They're like a light
bulb. It doesn't matter how good they
are; sooner or later they're golng to
burn out. The ENIAC, which was the
first totally electronic computer, had
17,000 vacuum tubes, And it wasn't long
before computers were getting so blg
that if you made them any bigger, it
would take 24 hours & day just to re-
place the vacuum tubes that had burned
out,

Fortunately, about this time--in
1947 to be exact--the transistor was
invented., Transistors do the same thing
as vacuum tubes, but they're much tinler
and they never burn out. It 1s posslble
to destroy a transistor by dropping 1t
or by running too much current through
it, but you really have to work at 1it,

This solved a lot of problems, but
it paslically got computers down from

WEST COAST COMPUTER FAIRE

the slze of a small house to about
the slze of a smal living room. You
could, by the late 19508, use tran-
s8lstors to make radlios small enough
to plck them up and carry them around
with you, but computers still needed
too many transistors to be very
portable.

By this time, you had to do your
work under a microscope, but scientists
kept on working. In the l&e 1960s,
something called an integrated cir-
cuit was produced. Dr. Robert N,
Noyce, the president of Intel Corp. in
Santa Clara, is generally credited
with being one of the co-diacoverers
of 1t. What the integrated circuit
means 1s that you can put the entire
electronic circuit on a single pilece
of material, usually silicen.

These are so minute that 1t's hard to
believe. Thls is a silicon chip.
What's even more amazing is the fact
that it's Just the little gray spot
in the middle that does all the compu-
tations. The rest 1s here because you
can't connect wires to something as
small as the chip. But these gold
lines eventually connect with Mttle
halrllke silver wires that lead into
the silicon. I don't know how many
transistors are on this particular
chip, but some have 100,000, It may
soon be possible to put a million
transistors on something this size.

To give you an example of the dif-
ferences in slze the integrated cir-
cult has meant, it's possible to put
the _entire UNIVAC computer, which was
the first commercial computer, on one
of these,

If your family was one of the first
in the neighborhood to have a tele-
vislion, you may remember the UNIVAC
which was a guest of sorts of "People
Are Funny." 1t used to spew all its
cards out in front of the camera and
Art Linkletter would pick them up and
read off the names of two people who
would get to go on a blind date
together,

The UNIVAC is now in the Smithsonian
Institution, and 1t's the little chips
like these that are taking over the
world. Probably every plece of machinery
at the Faire here depends on these
sllicon chips for its operations.

The silicon chip starts wih a very
unexotic raw material: sand, A
shovelful of sand can supply the basic
raw material for an entire computer.

Silicon companies take sand and pure
silicon "seeds," which are sold by
only three companies in the world., They
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use these and "grow" cylinders of
material vwhich look like shiny, gray
mirrors.

Once you get the silicon, the hard
part comes. You have to put the trans-
istors on it. The way you do it 1is
sort of a cross between batik and
photography.

In batik printing, you first draw
the design on a plece of cloth. Then
you decide which parts you want to turn
out a particular color and cover every-
thing else with wax. You dip it in
a vat of dye, let it dry and scrape the
wax off. The next time you cover
everything but another color with wax,
dye it again, scrape the wax off agailn,
and keep on going until the picture is
finished.

To make a silicon chip you do al-»>
most the same thing except that lay-
ers of silicon oxlde take the place
of the wax and tiny lines of metal
form the picture. The llnes are so
small and so thin that they are put
on the chip through a photographic
process in much the same way that
shining a light through a negative
produces & picture on a sheet of
photographic paper. In this case, the

negative 1s called a photomask.
To make a photomask, you need a

master dlagram of the chip. These
drawings start out several feet square
and are reduced to the size of a

chip, again through a photographic
process, The masks, which are made
out of glass, are made from these
drawings.,

Each chip needs sight to ten dif-
ferent photomasks, but there are 90
to 100 steps involved by the time
the chip is cleaned and new layers
of oxide are formed on it and scraped
off between photography sesslons.

And people are already working on ways
to eliminate the photomasks and write
the diagrams directly on the chip.

So far, though, the machines that do
this cost over a million dollars.

All along the way, it's a very del-
jcate process. People who make chlps
don't even let you take pencils inside
the laboratory because they produce
dust when they write on paper. The
water used to wash the chips between
the different processes has to be so
pure that companies sometimes have
their own water puriflcation plants.

One firm--Monolithic Memories in
Sunnyvale--says 1ts water is 100 times
purer than distilled water. And when
the plant finishes with it, it's still
100 times purer than the regular city
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water.

When you start talking about chlps
this slize, you find that computers
are almost becoming self-perpetuating.
It would be impossible to make them
this small if you didn't salready have
computers to help do it., Computers
are used to test the models of the
circuits, they draw the layouts for
the photomasks and tky control the
manufacturing equipment.

. But theycan't do it all by themselves
yet. When the whole thing.is finished,
that's when they call 1n the humans.
The humans look through a mlcroscope
to check all of the circuitry on the
tiny chips. The psople at Monollithic
Memories tell me that after a few
weeks of training, people learn to
check one in about a minute. The
reason they need people is that there
are so many different structures and
so many differences ln the alze and
the color of the lines that are

still acceptable that there's no way
to program & computer to remember

them all.

There's still not a computer that
can remember as much as even the
average human brain.
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INTRODUCTION TO PERSONAL COMPUTING
A BEGINNERS APPROACH

Robert Moody
2233 E1 Camino Real, Palo Alto, Calif. 94306
Phone: Home (408) 225-3341, Work (415) 327-8080

I Introduction use for communication between you and your com=-

Computers are now within everyone's reachl! puter.

Whether you are a housewife, small businessman, Bit: The smallest unit of measure in a computer
student, professional, musician, or in real es- yord; several bits maks up a byte, or computer
tate -- computers are being made and sold at word.

prices you can afford, and they will set you . . .
free in ways you never dreamed of! A personal Bug: The cause of a malfﬂnctlgn, usually in a
computer will open possibilities; it will al-  Program. They're called "bugs” because they cen

most certainly change your lifestyle. be hard to find.

Most people, when they visualize a computern Byte: The space which a letter or digit (one
they think of monstrous machines that towsr over character) takes up in a computer. Space in a
us, seeing all and doing all. It's really not computer is measured in bytes. A megabyte is a
that way. Everybody has been communicating with million bytes.

a computer in one way or another most of their . : ps .
adult lives and not really known it. For ex- Computer: A machine f?r handling repstitive in-
ample, all your tax returns are processed by a formation. Basically it can calculate, compare,

computer, most amjor'department stores handle alter, send and receive information very rapidly

their buying, stocking, and billing by computer. Core: Ses memory.
All your credit card buying is handled by com~
puter, every check you write is processed by
computer. Dentist, doctor, hospital, gas, elec-
tric, phone bills are handled by computer. Why!!!

Take a city the size of San Jose for inst-
ance. Just think of the tremendous amount of Data: The information that gets WORKED OVER,

“manpower it would take to tify and post &11 the  when your program runs. ' Data isall the in-
checks that were written in one day, or the formation you have your computer use, everything
amount of phone calls to be logged in one day. that is sent into your computer to store and
Handling that amount of information — having retrieve.
that kind of computing power — is at your finger
tips today.

The most important think that I want to
convey to you is: computers are not just for Display: Same as CRT.
geniuses!!! You don't have to be a special
gifted person to own or operate one.

This presentation, I hope, will enlighten
you a little as to what are these things,
personal computers, how you can talk and ask Fortran: Another type of computer language.
questions about them, what makes them up, and
what you can do with one.

CRT: Your computer's "TV screen", showing you
what's IN there. The CRT is your computer's way
of talking to you. It is also something refer-
red to as a display unit, or terminal.

Disk: A Mass Storage devicse, either floppy or
hard disk.

Floppy Disk: A mass storage device, which uses
a flexible platter to store a large amount of
information.

Hard Copy: Computer output ON PAPER, for per-
manent storage.

II Buzz Words Hard Disk: Much like a floppy, a hard disk
stores a tremendous amount of information, but

As you knouw, all types of industries have its platter is much larger and not so portable.

their own language that they use. We as a group
and a new up-coming industry, are no exception. Input: The information that goes IN to your
As you scan down the second page of the handout computer system. The computer's "food".

I have given you, there is a short list of these

t f H A " " -
buzz words, and a simple explanation of each. Interface connector that "translates” be

tween two parts of a system. You generally need
BASIC: Beginners All-purpose Symbol Instruc-  one interface for each peripheral, to hodk it to 8
tional Code: a mode of language that you will YOur computer. :
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Mass Storage: Any way of keeping a lot of in-
formation OUTSIDE your computer, but available
to it. This is your computer's "memroy". HMost
common kinds of mass storage are tape and digk.

Micro, Microcomputer, or Microprocessor: Same
as computer. The "micro" came in when we
learned to make them physically tiny — they are

about the size of pencil erasers.

Output:

Peripherals: The devices attached to your com-
puter, such as ths display, keyboard, printer,
etc.

What your computer system produces.

RAM: Random Access Memory. This storage device
is used by your computer to change the data you
have put into it, then it is transferred to a
mass storage devics.

Storage:
information, as opposed to the parts that

"think".

Software: A list of instructions to the com-
puter, telling it what to do and when to do it.

A unit for conversing (input or out-
It has a keyboard,

Terminal:s
puts with your computer.
plus Display or Print-out.

TVT: "Television typewriter". A keyboard and
elsctronics specially designed to turn your TV
into a TERMINAL.

IITI Wwhat Makes Up a Computer?

In your handout you will find a block dia-
gram of a computing system. As you notice,
there are not many modules or components that
are needed to do the job. The teschnology today
has made this possible with microelectronics.
With this tremendous reduction in physical size
of transistors and diodes it enables us to com-
pact a large amount in a vary small .area. Also,
the power requirement is small as well.

The first and most important module is the
CPU, or Central Processing Unit. This is the
brain of the psrsonal computer. The CPU does
all the actual work of calculation, comparison,
alteration, receiving and sending data. 6 Every-
thing else that we attach is a function from the
chU.

There is a wide variety of CPU's on the
marketplace today. Depending on who you talk
to, one is better than the other. Don't let
this discourage you now; all that you need to
know at this point is that they work. You can
get into particulars later.

The CPU cannot operate by itself; along
with it you need some memory. RAM or Random
Access Memory does the job. This portien of the
computer allows the CPU to activate a section of
the data at ons time. For instance, the RAM
could be compared to an active filing system.
The data is stored in some kind of order and the
CPU only pulls the data it needs and keeps the
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The part of your system that remembers

rest for later.

Now that the CPU has changed, calculated,
or compared this data, it needs to store it
someplace. This is where mass storage comes in.
Here again there is a wide variety and different
types to choose from, but basically it is com-
pared to an inactive file. This file holds much
more data than the RAM in your computer does.
You as a computer operator put in and take out
these files at will, making one active and an-
other inactive.

To be able to accomplish the task of moving
all this data around, you have to be able to
talk to your computer and have it talk back to
you. A peripheral device called a Terminal is
necessary. This is usually made up of a key-
board, much like a typeuwriter keyboard, and a
display unit, The Terminal is attached to your
computer through an interface device. There
are two basic types: serial and parallel.

The serial I/0, or input-output, interface
takes the data you are typing in and sends it
one bit at a time to the RAM. Parallel, on the
other hand, sends all the bits that make up the
computer word or byte, and puts them all in at
one time. This might seem very confusing to
you, but all that is necessary to know is what
kind of interface is incorporated on the peri-
pheral you are attaching to your computer, and
match it up with the proper I/0 device.

Now that I have thoroughly confused you,
we will push onuward.

IV Programming

~ Nouw that all this hardware has been
assembled, we have all'the physical things that
are needed, but there is something that is
lacking: software. UWhat this thing does is
allow the computer to try and make some sense
out of what you are trying to tell it, and vice
versa, have you understand what it is trying to
tell you. Fundamentally there are two types:
systems and applications.

Systems software is what the computer uses
as its language. It takes the information in,
in this special language, and acts on it. UWhat
you do as an-operator is use this language to
develope an application.

There is a lot more to programming than
just a couple of sentences I have used to de-
scribe it. I could ramble on about all the
different types of systems software, but I have
to spend more time on the biggest question that
I'm asked, and that is "I would like to have
one of these things called personal computers,
but what the hell do I do with it?"

V What Can I Do With It?

The most asked guestion that I receive is:
"what can I do with this thing, now that I have
it?" The uses for personal computers are end-
less; the list below only shows a few uses —
let your imagination go and you will see!
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Education Recordkeeping
Accounting and billing Inventory management
Invoicing Routine correspondence
Sorting and form letters
Receipts Filling out forms
Taxes Calculation of all
Addressing kinds

Budgets Receiving and placing
Forecasting phone calls

Reducing the physical
SIZE of FILES (custo-

MATCHING any informa-
tion with any other

mer files, corres- information
pondence, product Polls and surveys
files, etc.) - No Indexing

more file cabinets!!! Cataloging

Solving problems

Printing out results

Maintaining LISTS,
especially:
MAILING LISTS
SHOPPING LISTS
ITEMIZATIONS
STOCKLISTS

Playing games

Engineering design-aid

Cashflouws

Maintaining "tickle-
files" (calendar-
remindsr systems)

Filling out checks

Playing the stock market

FILING PACKING LISTS
Remembering all trans- Sales analysis
actions Travel and route
Making and keeping card planning
catalogs Scheduling
"gimulating" results of Ticketing
one decision versus Distribution
another, so you can Editing

see their effects

Lists — Computers are lovely at working with
lists. The nice thing is that you can change
anything in the list -- sven one letter "B" for
example -- without affecting the rest. It's
like a stored-away blackboard. As items become
obsolete -- the way they're always doing in'a
shopping list, say -- you just tell your com-
puter to "drop" them from the list. Your com-~
puter does the rest: YOU DON'T HAVE TO KEEP
WRITING THE LIST DVER AGAIN.

THIS GOES FOR ANY COLLECTION OF INFORMATION
IN YOUR COMPUTER — YOU DON'T HAVE TO MAKE THE
WHOLE THING OVER JUST TO CHANGE ONE PART.

This makes your computer a powerful tool
for such unexpected things as TEXT EDITING. You
can work a whole manuscript over without having
to erase or "fix" anything, physically. The
time savings alone are immense — in writing, ed-
iting, and composition! But imagine USING NO
PAPER until you've got the final version!

With all this, your Personal computer adds
up to two things: IMPROVEMENT AND EXPANSION.
Improvement: Your computer will do FOR you what
you're already doing, in a fraction of the time.
Expansion: You do things with it you never
could have before.

Improvement — If youjre in mail-order, small
business, or an office profession, a "micro"
computer ies for YOU! It can keep your mailing
1iste and print address labels at a rate of four
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‘ready to maill Because of the Madd-on" equip-""

~well:
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per second, all accurate and up-to-date. It can
store all your records on products, sales, cust-
omers and ad results. It will compare or change
any part of these you'd like, without touching
the rest. In other words, it gives you SALES
ANALYSIS and MARKET PROFILES which only "multi-
millioners" have had until nouw!

Your computer keeps inventories.

It does accounting and billing of all types

It does order entry (live).

It can hold and index your "gwn private
library" of whatever information interests you.

For example, it can help in health care by
keeping track of each patient's medical history
and alerting you to patterns you might have mis-
sed. Or give you a quick way to look up the
newest therapies by what they remedy -- you type
in the condition and your computer gives you
back a list of indicated drugs or treatments.

If you are a pharmacist: you may presently
be keeping "card files" of each customer's
contra-indications and other medication history.
With a computer, you'd no longer have to look
each of these up for each prescription! You'd
just type in the customer's name and Rx, and UP
would come the pertinent information on him! It
would be shouwn on a little TV screen —- just
like at the airlines. You could also tell your
computer to remember a list of "potentiating"
drug combinations and warn you if it detects one
in a customer's combination. YOU DON'T HAVE TO
THINK IT OUT OR LOOK IT UP EACH TIME, ANY MORE.

Your computer can run FLEXIBLE FORM LETTERS
for you! You tell it to change this word or
that, add or delete a paragraph, date a letter
next Monday, and address it to, say, all the
people in your "Best Prospects" file. OUT will
come a stack of letters, individualized and

ment which adapts computers for particular jobs,
we arrive at your computer's greatest promise:
expansion

Expansion — You're about to see what new types
of business are possible with a computer running
in your own home! These are all high-profit,
high-service businesses -- yet they take little
SPACE or TIME. Best of all, they're VERY low in
STRESS! Because, let's face it, one of the
chief causes of STRESS seems to be EMPLOYMENT.
It's hard on both worker and bpss. So why be
either? GET A COMPUTER.

Here are some new businesses which one per-
son alone can set up with a computer. The first
are all based on one thing computers do very
INFORMATION=-MATCHING! Basically this
gives you a CLASSIFIED AD SERVICE — either gen-
eral or very special (loke clothing only). And
it can be "live", available right over the phone.
So, LIVE CLASSIFIED ADS are a very LIVE BUSINESS
OPPORTUNITY! It works lika this: people call
to say they went this or have that, and you tell
'em who has or wants it. You do this by signal-
ing your computer what's wanted. In a feuw '
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seconds it gives you a LIST of people who have
or want that thing! You read that to your
caller.

Your computer will display any desired de-
tails you've given it in the past, as part of
| the list. The point is, YOU don't have to
REMEMBER it all anymore. So your "data bank"
can be much larger than you could sver handle
mentally, and you're able to give far broader
service. At the same time you're freed up for
creative work!

Moreover, some phone companies are learning
to cooperate by "On-Call Billing" of calls to
your Service number. The caller is simply
charges a higher rate for calling that number.
These charges are then forwarded or credited by
the Phone Company directly to you. In other
words, a&s a business you get paid when you're
called.

Where On-Call Billing isn't available yet,
you can tie-in your fee with transactions, like
the New York "BUYLINES" do. This is more work,
but that's what your computer doss anyhouw.

Some new satellites are making phone lines
unnecessary, and getting clearer transmission to
boot. Your "phone system™ can become very pow-
erful, with help like this. By "being in" with
a system ahead of time, you can make the most of
it.

New Business -

Real Estate - with up to the minute list-
ings over a wide area.

Dating Service - getting people together.
With speedy, detailed descriptions that YOU
don't have to look up! (Your computer will spot
the most "ideal matches".)

Apartment and Building Rental Service -
where subscribers can find places for rent, or
list places they have. There's a need for this
kind of service, since real estate_agencises are
more interested in SALES. If you have an agency
however, a computer lets you expand painlessly
into rentals. With a computer you can make your
service "long distance" too, using classifieds
from other cities.

Swapping Service - You put people in touch
with each other, who need and have things they
want to trade. Instead of money, they give you
"due bills" which you charge 10% each on. These
act as "certificates" for exchanging the goods
or service. For example, you know a dentist who
wants a used car; and a car dealer whe wants his
house painted. Your COMPUTER completes the cir-
cle:s it displays the name of a painter who
needs dental work! You have due-bills from each
already, and just put the people in touch. And
you get paid with sach due~bill -- so it doesn't
matter to you whether they go ahead with the
swap or not.

Equipment Rental Service - here your com-
puter merely keeps tabs on who has equipment
they are willing to rent, and of who wants to
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rent some. Again, YOU DON'T HAVE TO STOCK ANY-
THING. Furniture, housegoods, and sven cars can
be rented.

Shopper's "Where To Find It" Service - this
is like a detailed "Department Store Directory"
available by phone. Your computer keeps track
of what stores carry which items, and prices too
if you wish! You can also notify of specials
and sales.

Instant Babysitting - you run a "register"
of babysitters who are available on short notice
This can be used for many other types of jobs
and services too, of course.

"Phone Rummage" Sales -~ Like a rural ver-
sion of the What's For Sale service. The big
items can even be gataloged into your system, so
callers can ask, say, for a piano and you'll
know where one's for sals. This can be applied
to flea markets, too.

Llothing Clearinghouse - this answers an
acute need. Everybody -- espscially females
and children -- had a predicament until now:
they need different nice. things to wear, and
they have good clothes they don't want. Yet
they're unable to sell or find a used thing!

(If you'd seen the penniess a store offers you
for a perfectly good $300 gown you've worn once,
you'd see why!) This is a natural for your com-
puter. You just keep pumping it full of the
clothing descriptions and clients' names and
phone numbers, and your computer will find every
match there is! - even down to desired color and
size! After you've brought two parties tegether
they can work out any terms they wish about the
clothing. You get paid by the phone company, or
by clients for the numbers you give them. You
DON'T HAVE TO KEEP ANY CLOTHING ON. HAND. You
need NO SPACE and NO MERCHANDISE to conduct this
business.

Now for some businesses that are NOT of the
"INFORMATION MATCHING" type. Notice that these
still take almost NO SPACE to operate.

Service Bureau - doing small business work
for other people or firms. Accounting, billing
payrell, mailings, correspondence, taxes and in-
ventory are top candidates. You can do for

others, anything-we've named so far.

Answering Service -~ fully automated. Ue
think that with a little ingenuity you could run
a whole answering service using nothing but a
phone and your computer. I mean, go off to the
Health Club while your computer routes messages
all day!

Calling Service - Your computer, properly
rigged, can do much of your routine phone cal-
ling for you. You can even tell it to call
someone from across the room! (And IT will
remsmber the number - all you have to know is
the name). Some people will use a computer to
place autematic "buy-sell" orders on the stock
market or commodities. You could be earning in
two places at once! You'd be at your job or
business, while your computer is playing the
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stocks for you!

Horoscopes - your computer can cast horo-
scopes, and then print them out for you to sell.
It's able to mix "individual" information such
as birthdate and place, with the "mass" informa-
tion about astrological types. (You choose and
give it the "mass" information ahead of time.

It can then print out horoscopes in as many cop-
ies as you wish, with even the peoples' names
and addresses on them for mailing. You see such
horoscopes advertised nationally. Those ads net
hundreds of thousands of dollars!

Tarot Readings - this is the same idea as
horoscopes, only the "general" information you
give your computer beforehand is from books on
the Tarot instead of astrology. Your computer
would "draw" the cards for you! Tarot readings
are just getting popular, and more novel to the
public than horoscopes. You could see them
well!

Writing Service - your computer is the best
Assistant Editor anyone ever had. How it saves
TIME! And PAPER! More on this in a moment.

Classified Bulletin - publish it monthly or
bi-weekly. It has nothing but classified ads of
all kinds. The ads are run FREE and people pay
you when there's a sale. This sounds risky, but
for many reasons, IT WORKS. The Classified Bul-
letin is a much better deal for people than the
newspaper -- all you need is adequate coverage.
People's ads run longer, run free, and cover
better geographical area. You could be running
a "live" classified service and a printed ver-
sion, at the same time. Each serves as public-
ity for the other. You could also support your
classified bulletin with paid ads from local
businesses.

-.--0Other new-businesses possible with your
computer:
"Local Events Calendar

News Service

Reservations Service Ticketron
Opinion Polls and Problem Solving for
Surveys others

Lottiers and other
Fortune Games

Special Interest Clubs
Selling Time on your

Betting Systems - win- computer. You charge
ning at horses, black- other people for
jack, etc. It can be using it.

Your Own Publication -
magazine, classified,
or newsletter, edit-
ing with the computern

done, in fact it IS.
And there are some
books on it.

Gold Handicapping

You're getting an idea of your computer's
business uses. We bet you'd also like to know

How a Computer Can Help You in Your Home

Now with all of these uses, you must be
starting to guess what one of these "mighty
midgets" can do in your home! First: you can
have everything controlled automatically, whe-
ther you're there or not.

Your home computer can literally become
your "private sacrataiy". Make you feel like
the President, as it keeps track of notes, dates
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_.re away, to SOUND like a fero ious dog roaring

reminders, appointments... It will alert you at
the right time give you a message that
"school's letting out early today,"™ or that So-
and-so's coming to visit, or that you have an
appointment downtown at 2:00. Keep lists, bal-
ance your checkbook, be a library, manage your
finances and answer the door. YOUR MIND GETS
UNBURDENED — a computer's really useful for thatl
Maybe even prevents wrinkles, if those come from
feeling harassed!!!

Right now, you'll "tell" your computer what
you want by typing messages on its keyboard.
Don't worry how it "understands" them. It does.
You just type your instructions, and it'11 do
the rest.

Now you'll even be able to SPEAK your com-
mands to it, and it will carry them out! For
example, there's an alarm clock on the market
right now that stops ringing if you yell at it.
(If you just groan or talk, it rings less.) And
it recogni es YOUR voice — no one else's!

Any electrical device can be set up to do
this. We've always liked the idea of LIGHTS
that keep themselves on only when someonse's
around. (You wouldn't have to talk to them,
they'd know you were there by your tamperature.)

As each of these technical devices comes
onto the sales market, you'll be ready. You can
just ADD them to your system.

Your computer can also help with home pro-
tection. It's hard to beat a trained attack dog
of course. But he can't call the Fire Depart-
ment if he smells smoke, or signal your "beeper"
when the baby wakes up. And you don't have to
walk your computer. For burglary, as a matter
of fact, a little machine is planned that you
attach to your door. 1It's activated while you-

and hitting the door, if anyone starts tampering
there. Your computer can do even better, espec-
ially if you have a Hi-Fi set.

It could even be uwired to water plants or
feed fish.

AT HOME AS IN BUSINESS, your computer's
YOUR PARTNER IN JUDGMENT!! And IT HELPS WITH
ALL KINDS OF PLANNING. You can do budgets,
schedules, and calendars, party management, in-
ventory, and keep your own "mailing lists" and
phone directory. You can do super MENU-PLANNING
with a computer, too. It tells you what's in
the refrigerator, what you're out of, what needs
using up, and what you'll need to buy for a cer-
tain recipe. Or it tells you what recipes you
can do with what's on hand. Frankly, all this
would be a big order for your little computer at
present. But it's coming (Also, the longer
you spend with your system, the more versatile
it gets.)

Remember how easily your computer handles
LISTS. Well, you can add or delete items all
week, and revisw it anytime you want. Only
those items you changed will be different. And
the rest of the time your lists are tucked away
safe and CLUTTER FREE!
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Now more on TEXT EDITING, because it's so
well suited to WORK-AT-HOME! (The sources of
editing work to do at home are so varied that we
won't go into them here. The commonsst is TYP-
ing, of course.)

You type your material into the computer,
which "stores" it in its memory. Then you call
up the material section by section, and work it
over. YOU USE NO PAPER. You don't have to
erase, or "fix", or buy correction fluid.
don't have to make carbons. Any change you call
for is made instantaneously. After the work is
EXACTLY THE WAY YOU WANT IT, you press the
"PRINT" button. THEN your system spits out fin-
ished pages.
page at a time, and silently like a Xerox.

Something else your computer can do for you

You

Indexing
We don't know if you're into indexing or

not. Some are, some aren't. If you have a lot
of ideas or keep a diary or want to save clip-
pings and the like, thouch, INDEXING is for you.
It makes a compact filing system, ready to go -—-
and your computer's the one to do it! It will
keep track of all the headings, key words, page
or issue numbers, and the alphabetizing of
everything. Here's how it works, basically:

Say you have a clipping or an idea you want to
"index". Say it's about a car that runs on sun-
power. You just tell your computer the key
words it's about - 1like FUELLESS CAR - and
then tell your computer where you've put the
writeup on it. Like, "file of October '76, Item
Number 4." .

Then, say a few months later you want to
look up the article again. You just tell your
computer the KEY WORDS - type:in FUELLESS, CAR -
and your computer tells you exactly where to
look for the writeup! (Yo' might have collected
several items on this subjezt. Your computer
would then tell you about all of them.) It's
like your own private library.

If you'd collected a lot of other material
on cars, then you could see it all by just typ-
ing in "CAR". Or maybe you're interested in
anything that runs without fuel. Then you'd
Just type in FUELLESS, and get back more than
cars. See?

INDEXING is like a great scrabble game.

It also tends to make you smarter, for some
reason. (Certain studies prove this.) Maybe
that's because indexing develops both your
logic and fine judgment at the same time.

There are several ways in which indexing
can be built into a business. Cutting and sel-
ling newspaper clippings is who's likely to pay
most for what subjects. Likewise, which publi-
catien. Your computer does a superb job of
this. Another business possibility is abstract-
ing the literature in a given field. The ab-
stract can be sold, and so can the indexes!

Some people just "take" to indexing - it's
another one of those areas for unpredicted
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The newsest systems do this a whole

flair — just like programming. So, you mightn't
have guessed what fun for YOU lies hidden in a
computer!

NOW... your home computer can act as Door-
man, Guard, Secretary, Librarian, Mother's
Helper, Consultant, New Business Partner, Com-
panion, and just general Unpaid Labor Force.

But bet you never thought of it as an
ENTERTAINER!

You're hearing a lot about "TV Games" for
this Christmas. They're just "little black
boxes" you hook up to your TV. You play games
with them through a little keyboard, using the
TV screen as a "display".

Know what those "little black boxes" are?
They're microcomputers, that's what! Someone
else has programmed them, is all.

Music

One of personal computing's greatest pro-
mises is in MUSIC. Imagine yourself going to
your piano or organ, and playing as slowly as
you wish! ...Maybe one finger at a time, or
making it up as you go. All the while, your
computer is "listening". 1It's remembering
every note. (And no-one else has to hear you..
you can wear headphones!)

When you're finished with your "composit-
ion", you tell your computer "play it back - to
tempo". Your computer has the piece played
back, as fast as you want it to go.

There you are = you've made your own player
piano or "player organ"! And what's it playing?)
YOUR piece! Speak of ENTERTAINMENT--!! This is
an indescribable experience, if you've always
longed to make music, but never got the chance.
A COMPUTER IS YOUR CHANCE TO MAKE MUSIC, AT LAS
-- WITHOUT HAVING TO PLAY!!

Present-day organs are moving in this di-
rection, but they still require a lot of skill.
You have to be able to "keep up with the
rhythm", for example. With your own computer,
you won't have to: the rhythm keeps up with
you!

How Your Organization Can Use a Computer

A computer can be a real asset for a SMALL

ORGANIZATION. It's indispensible in event
planning, maintaining calendars and schedules,
bookkeeping, assigning and tracking committes
work, reporting, calculations, issuing ads and
announcements, doing memos, and keeping the
minutes.

These can all be INDEXED to let you fimd
the exact material you were thinking about,
stored in the computer four years ago!

Your computer is also the center of atten-
tion at social events, as it handles ticketing,
door prizes, drawings and countless crowd-parti-
cipation games. Imagine the attraction THAT is,
with you as the sponsor!

School
Speaking of community, what if you took a
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computer like this to SCHOOL? It could make you
a hero. And since you programmed it, of course,
it's ready to do whatever you planned.

As a teacher you could use it as a TUTORIAL
AID and to do INSTANT GRADING, for example.
Perhaps above all, you could use it to TEACH
PROGRAMMING. And the students would have to
write programs to DO something, so they start
coming up with interesting applications. (Again
programming boosts mathematical ability — it's
not the other way around, as often supposed. )
The kids find themselves exposed to possibili-
ties like all these we're talking about. They
catch on quick what to do with them!

Perhaps one of the most important things
kids can discover is how to earn a living in a
way that feels creative to them. And again we
see the LITTLE computers playing a BIG part in
exactly this discovery!

Meanuhile, the little computer can help
with HOMEWORK. And it can feature in all sorts
of projects and reports, ones that gest writeups
in local papers. This often happens with stud-
ent computer projects, because they tend to bs
so original. Also, one student can do the work
of many, this way. And likewise, many scien=-
tific projects become possible with a computer,
which were impossible before.

VI The Next Step

wWhere do you go from here? UWsll, my sug-
gestion is more reading. Take what I have given
you today and expand on it. There are a number
of books out in publication now that will enable
you to understand better all this that is going
_on and in much more expanded form than I have

dorg. At e -

Make use of your local computer store! The
ouners and operators are more than willing to
give you more of an understanding and help you
over the hard bumps of decision-making process
of which one to buy and what to hook up to it.
Also look into classes at your local high
school and college. There are any number of
classes to take to further your knowledge in the
field.

As a final note, remember: Computers are
not just for geniuses, you don't have to be a
special gifted person to own or operate one. It
is a tool that you can use, that will help in
every day life.
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ELECTRONICS FOR THE HANDICAPPED

Dr. Robert Suding
Research Director for the Digital Group
Box 6528
Denver, Colorado 80206

Abstract: ““Handicapped”’ can refer to either physically impaired
or mentally impaired. There is a need for individual hobbyists to be-
come involved in aiding these handicapped people. Present technology
supports a large number of exciting applications. Hobbyist magazines -
are begging for articles on how to implement systems for the handicap-
ped. An international organization of hobbyists interested in handi-
capped applications was formed at PCC ‘77(Atlantic City Convention).
For more information or to join contact:

Computers for the Handicapped
¢/o Warren Dunning
5939 Woodbine Ave.
Philadelphia, PA 19131
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By Tim Scully

for the

HANDICAPPED

This article is more technical than many
published in People’s Computers, bur we
believe that the general discussion will
be interesting, informative, and thought
provoking to all, even those who choose
to skip the program listings and discus-
sion.

Tim Scully has been designing biofeed-
back equipment and doing biofeedback
research for many years. Tim is a Re-
search Fellow of the Humanistic
Psychology Institute; he is now working
towards his doctorate in psychology. His
dissertation project involves researching
and developing biofeedback systems and
techniques for use in drug rehabilitation.

Tim is also teaching a computer class to
fellow inmates at a Federal penitentiary.

* ~Although prison resources are scarce and -

he is not allowed to solicit donations, he
is hopeful of somehow eventually acquir-
ing a computer system for the prison.

The potential of microcomputers as tools
for the handicapped is enormous and
exciting: we encourage dissemination of
such information. For this reason we are
making copies of this article available.
To receive a reprint, send a stamped,
self-addressed envelope (24¢ for business
size, 35¢ for 8% by 11 inch) to People’s
Computers.

How would you communicate if you
couldn’t talk, didn’t have the use of your
hands, and could only somewhat control
the movements of one knee? This is the
problem which Robin, a young lady in
her 20’s has lived with all her life. She has
cerebral palsy.

I met Robin in 1976, and this is the story
of how a microcomputer communication

system came to be built for Robin. The
general concepts applied in the develop-
ment of Robin’s communication system
may prove helpful in the development of
microcomputer systems for other handi-
capped people.

When I first met Robin, her communica-
tion was accomplished by use of a word
wheel. She could understand speech and
she could read, but she needed help in
‘talking’. Her word wheel was made from
an electric clock motor and a bicycle
spoke, with the bicycle spoke attached
where the second hand of a clock would
normally be mounted. A sheet of card-
board was mounted behind the spoke,
with the letters of the alphabet on it,
arranged in a circular pattern. The spoke
pointed to the letters, one at a time, as

it -Totated: -Robin—could- move her knee- §—

to one side and hit a kneeswitch mounted
on her wheelchair, thus stopping the
motor so that the spoke would freeze,
pointing at the letter she had chosen.

The spoke rotated at one revolution per
minute, so spelling proceeded at about
one letter per minute! The person Robin
was conversing with often had to write
the letters down, to keep from forgetting
them, as a message slowly built up.
To speed up the communication process,
a few words were written next to each
letter of the alphabet, so that when the
spoke stopped it would point at a group
of words as well as a letter. The person
with whom she was conversing would
have to guess which of these Robin
intended. It took considerable patience to
hold a conversation with Robin, and not
very many people took the time;

When I first saw Robin’s communication
system, I thought of replacing her word
wheel with a microcomputer and video
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display, using a vocabulary of words
stored in the computer’s memory in place
of the sheet of cardboard. A little over a
vear later, that system now exists and is
being installed on Robin’s wheelchair.

HOW IT WORKS

The present system is an expansion of the
word wheel concept which uses a TV
display with 16 lines of text. The top line
is reserved for the display of a ‘menu’
of items (words, letters of the alphabet,
punctuation symbols or control codes)
from which Robin can choose. The
second line is kept blank and the bottom
14 lines provide space for the display of a
message of about 200 words.

As items are displayed on the menu,
Robin can choose one by hitting the
kneeswitch mounted on her wheelchair.
In some modes of operation several items
will appear on the menu at once, in which
case the item at the left is the current
item, the one which can be selected by
hitting the kneeswitch.

On start-up, the system blanks the TV
screen and then offers the SPELLING?
mode by putting that word on the menu.
This item remains on the menu for a

time ‘T1’ (an adjustable time delay). If
the kneeswitch is hit during that time,
the SPELLING? mode is entered, other-
wise the next menu item is displayed:

PUNCTUATION?. If that item isn’t
chosen either, after another delay equal
to T1, then the system will begin
displaying the names of groups of words:
A-BONE, BOOK-CROWN, CRY-
FINGER, FINISH-HIDE, HIGH-LOT,
LOUD-OUGHT, OUR-ROSE, ROSE
ANN-STAY, SQUARE-TWENTY and
TWO-YOURSELF, one group at a time.
Each group of words contains about
120 words in alphabetical order. The
name of each group is made up from the
first and last words in the group.

If Robin doesn’t pick any group of
words, the computer then offers an
ESCAPE? from the groups of words. If
this isn’t chosen, the names of the groups
are offered again. If the ESCAPE? is
chosen, the system returns to near the
beginning of the program and offers
SPELLING? again. This ESCAPE? to the
beginning is offered from every mode of
system operation.

WEST COAST COMPUTER FAIRE

If Robin does pick a group of words,
HIGH-LOT for example, then the names
of subgroups in that group begin being
displayed, one at a time: HIGH-HONOR,
HOPE-HUNT, HURRY-IMPORTANT,
IN-INTERESTING, INTO-I'VE, JEN-
NIFER-JUMP, JUST-KISS, KITCHEN-
LAKE, TLAND.IEAST, LEAVE.LIE,
LIFE-LITTLE, LIVE-LOT and then
ESCAPE?. If Robin picks a subgroup,
such as LEAVE-LIE, then the words in
that subgroup are displayed across the
top line of the TV, with two spaces
between each word:

LEAVE LED...LIBRARY LIE

If Robin hits the switch at this moment,
LEAVE will be transferred down to the
first available space in the message
area of the TV screen and the menu
will begin all over again by offering
SPELLING?. If the first word, LEAVE,
isn’t chosen, then after the usual time
delay T1, the list of words on the menu
will shift one to the left, so that LED is
on the extreme left and it becomes the
current itém. This process continues
until a word is chosen or until the end
of the subgroup, LIE. If LIE isn’t chosen,
ESCAPE? is offered, and if it isn’t
chosen, the complete list of 11 words in
the subgroup is displayed across the menu
and the cycle begins again.

By this system of groups of words,
subgroups, and finally words, it is
possible for Robin to look through a list
of 1200 words in a short time, find the
one she wants and add it to a message she
is assembling on the TV screen. The
computer automatically adds a space
after each word chosen, so it isn’t
necessary for Robin to worry about
spacing between words—she can just
choose one word after another. All letters
and words are upper case, so she doesn’t
have to shift.

When a sentence is complete, and when
she wants punctuation symbols, Robin
can select the PUNCTUATION? mode.
The first item offered on entering this
mode is CONTROL? and if that isn’t
chosen, then after the usual time delay,
the punctuation symbols will be spread
across the menu in much the same way
that the words in a subgroup were
displayed:

2201012 9#8%&()*F+—

These items leave the screen at the left,
one at a time, if they are not chosen. If
one is chosen, the computer backspaces
once (to undo the automatic spacing) and
adds the chosen symbol to the message
on the screen. Then the system starts over
by offering SPELLING? again.

The CONTROL? mode offers Robin a
few useful commands, one at a time, if
it is chosen: BACKSPACE?, ERASE
LAST WORD?, SPACE?, ERASE
SCREEN?, and NEXT LINE?. These
control codes operate immediately if
selected. Then the system starts over by
offering SPELLING? again.

The SPELLING? mode exists to allow
Robin to spell words not found in the
1200 word vocabulary stored in the com-
puter’s memory. To speed up the process
of spelling, letters of the alphabetare not
offered in alphabetical order. Instead
they are offered in the order of their
probability of use in English. Except
at the beginning of a word, the likelihood
of a letter appearing in a word depends
on the last letter chosen.t If we are in
the middle of a word, and the last letter
chosen was ‘A’, then the most likely
next letter is ‘E’, the second most likely
is ‘B’, etc.

Robin’s system has 27 different alphabets
stored in it. The first alphabet has the
letters organized so that those most likely
to appear at the beginning of a word will
be displayed first. This is the alphabet
which appears when the SPELLING?
mode is first entered. The letters are
spread out along the menu line as usual,
with the first offering on the left. If no
letter has been chosen by the time all of
them have moved off the screen to the
left, the usual ESCAPE? offering is made
and the alphabet redisplays.

If a letter is chosen, it is added to the
message area of the screen, and ESCAPE?
is offered on the menu. If Robin decides
to stay in the spelling mode, the
computer then displays one of the 26
remaining alphabets—which one is deter-
mined by the letter she just chose.
When she picks a letter from this new

1t Mr A Ross Eckler suggested the bigram spel -
ling scheme used in Robin’s system. He supplied
me with letter use frequency tables which he
credited to F Pratt, Secret and Urgent: The
Story of Codes and Ciphers, Blue Ribbon
Books, 1942 pp 258-259.
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alphabet, it is added to the message,
immediately after the first letter (the
system automatically backspaces to undo
its automatic spacing). This process
continues until she has completed
spelling a word. Then she picks ESCAPE?,
which returns her to the beginning of the
program, which offers the SPELLING?
mode, and a space is left after the word
she has just completed.

This spelling scheme allows comparatively
rapid spelling of words because Robin
only has to wait for a few letters to
display before the one she wants is likely

to become the current item. The
automatic spacing also speeds up
communication.

Now that we’ve looked at what Robin’s
system does, let’s examine the hardware
and software which do the work.

SYSTEM DESIGN

Robin’s system was designed around the
special limitations of her situation and
my own situation. I met Robin through
a United States Probation Officer, who
was supervising me while I was tempo-
rarily free on appeal bond. I was waiting
for the Court of Appeals to decide if it
would uphold my conviction for conspir-
acy to manufacture LSD (back in 1968
and 1969). As it turned out, the Court
did uphold my conviction, and I'm now
serving a 10 year Federal prison term
at McNeil Island Penitentiary in
. Washington.

My personal problems limited the system
design to the use of a commercially
available computer kit because of the
difficulty of sending materialsinto prison.
Robin’s family had only a limited budget,
and Robin’s capabilities formed the
remaining design limits.

In 1976, the budget we had (about
$1,300) was just about enough to buy a
computer kit with keyboard, cassette
tape system, video monitor and 8K of
memory, so this is the sizc system we
planned on. The average word in English
is about 5.5 characters long and we
initially planned on a vocabulary of about
1,000 words, which uses up 5,500 bytes
of memory. This left about 2,500 bytes
for the program to control the system
together with storage for spelling and
punctuation symbols.
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That’s not enough memory for the use
of a high level language such as BASIC,
so the program had to be written in
assembly language. Since my previous
assembly language experience was with
‘the 8080A, this was the CPU chosen for
Robin’s system.

We wanted the system to be expandable.
In the future, Robin may want to add
more memory, a printer, a speech synthe-
sizer or other additional peripherals.
For maximum flexibility in expansion,
the S-100 bus structure was chosen
because of the wide range of commer-
cially available plug-in circuit cards.
The computer also had to be small and
light enough to mount under the seat
of Robin’s wheelchair. In order to modify
the menu and message areas of the video
display independently, the computer
needed a memory-mapped video display.
These constraints pointed us toward the
Polymorphic Systems’ Poly 88 System 4
kit.

The Poly 88 uses a 5 slot S-100 chassis,
which makes it small and fairly light in
weight. The Poly video card is memory
mapped and displays 16 lines of 64
characters each—just right for Robin. The
features of the Poly CPU card were also
useful: it has 512 bytes of RAM together
with a monitor program in ROM. A
cassette tape interface card works
together with tape loading software in the
monitor ROM to handle program storage
and loading.

The vocabulary for Robin’s system is
stored in RAM because we expect her
vocabulary needs to change once she can
communicate more freely. The problem
with storing vocabulary in RAM is that
RAM is volatile—the memory and thus
the vocabulary are erased every time the
computer is unplugged. So a battery
back-up card was added to the system.
This card keeps the program and vocabu-
lary stored in RAM even though the
computer may be unplugged for hours at
a time while Robin’s wheelchair is moved
from place to place. Robin’s computer
uses the Seals Electronics BBUC card
with NiCad batteries.

We had, at one point, considered battery
powering the entire system, but ended up
rejecting the idea. A large and heavy
battery would have been required for
reasonable life, and this would bring the

total weight of the wheelchair and system
up so high that Robin’s mother wouldn’t
be able to lift it in and out of their family
van for trips to school and other errands.
As it is now designed, Robin’s system has
to be plugged into a wall outlet to
operate, but the battery back-up card
keeps memory alive while the system is
unplugged so that it is instantly ready
to start upon being plugged in.

HARDWARE MODIFICATIONS

A few additions and modifications were
made to adapt the commercially available
hardware to Robin’s application. The
Poly 88 chassis has only two controls: an
on/off switch and a reset pushbutton.
This is because it is designed to use a key-
board for functions which a control panel
might perform. The reset pushbutton
starts the ROM cassette tape loading
program. I added a second pushbutton
which activates a vectored interrupt and
jumps to the beginning of Robin’s pro-
gram. This makes it possible to start up
Robin’s system without the keyboard.
A schematic for this simple addition
is shown in Figure 1.

1c2

. 74148
on CPU
card

Figure 1

As a computer powers down, it can
scramble data stored in memory by
sending out false write commands. To
eliminate this problem, the memory in
Robin’s system was partitioned so that an
8K block of RAM, containing the main
program and stored vocabulary, could
be write protected. This left only the
512 bytes of RAM on the CPU card
unprotected (and the memory mapped
video display, of course). The small
CPU RAM area is used for all scratchpad
functions and is one of the features of
the Poly CPU card which encouraged
its selection.
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The RAM card used in Robin’s system is
an Industrial Microsystems IuS #000231
8K card which uses 21102-4 chips. This
card was modified slightly so that a
toggle switch could be added to the
computer’s front panel which protects/
unprotects the main 8K RAM. When
loading new programs from cassette
tape, RAM is unprotected. Otherwise it
is protected. A schematic of this circuit is
in Figu.c 2.

The final hardware modification for
Robin’s system was the addition of an
input port for her kneeswitch. Figure 3
shows the schematic for this circuit,
which was built on a small scrap of
Vectorboard and mounted on the Poly
88 chassis.

SOFTWARE DESIGN

The program for Robin’s system is listed,
with comments, on the following pages.
[t was kept as brief and simple as possible
to leave as much space in memory as pos-
sible for the storage of vocabulary. The
vocabulary is stored as ASCII, with one
character per byte of memory. ASCII
Joesn’t use the eighth bit of an eight
bit word, so I used the eighth bit as a
‘beginning of word’ flag. The first charac-
ter of any character, word or phrase
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stored in memory has the eighth bit true,
and all following characters (if any) have
the eighth bit zero. This scheme allows
the words in Robin’s vocabulary to be
packed tightly in memory. The only
extra bytes of memory used are flags
inserted at the end of each subgroup
(FDH), group (FEH) and at the end of
the vocabulary (FFH).

The main program uses one subroutine
from the Poly 4.0 monitor ROM. That
routine, WH1, outputs a character to the
video display. It uses a location in the
CPU board RAM, POS, to store the next
position it will print into and it recog-
nizes several control codes:
ODH = carriage return and line feed
OCH=erase screen and send cursor home
(upper left corner of screen)
OBH=send cursor home without erasing
screen
18H=erase current line

The starting address for the memory area
mapped by the video display is FS8OOH.
Thus, if the control code 18H isin the A
register when WH1 is called, it will stuff
F800H into POS. WH1 saves all registers
on entry and restores them on exit.

The monitor ROM on Robin’s CPU board
is a slightly modified version of the 4.0
monitor: at address 0008H a JMP 2000H

has been inserted so that vectored inter-
rupt V16 jumps to the start of the main
program. This allows a single pushbutton
to start Robin’s system.

Robin’s software was hand assembled
because I didn’t have an assembler
program to run on her system. The pro-
gram listings were typed by hand and
may contain a few errors.

TEXT AND EDITOR PROGRAMS

The TEXT and EDITOR programs written
for Robin’s system are both very short.
TEXT was used to enter the messages,
alphabets and vocabulary into her
system’s memory from the keyboard.
EDITOR is used to modify her vocabu-
lary and to add to it after the original
entry. Here is what they do in detail.

TEXT is entered with a starting address
in HL. The TV screen is erased™and the
system waits for text to be entered from
the keyboard. Any unshifted letter is
printed on the TV screen as a lower case
letter but is stored in memory (beginning
at the starting address in HL) as upper
case ASCII with the eighth bit zero. The
keyboard for Robin’s system is a
Teletype-like keyboard and does not
have lower case letters, so the ‘unshifted’
letters are actually upper case, but TEXT
translates them for display purposes.

Any letter of the alphabet typed while
the CTRL key is held down (except Z) is
printed on the TV screen as a capital
letter and is entered into memory as
upper case ASCII with the eighth bit
turned on. This allows the first letter of
any word or phrase to be identified. The
Poly monitor program uses CTRL Z as
a command to enter its front panel mode,
so this is the one exception to the rule
stated above. Shift O jumps to the
EDITOR program, at the current address.
Rubout erases the last character entered.

TEXT is also capable of inserting the
control codes which identify the end of
alphabets, subgroups and groups.

CTRL shift L = insert FBH

CTRL shift N = insert FDH

CTRL shift O = insert FEH

EDITOR is a somewhat longer and more
complex program which allows the user
to examine the text stored in the system’s
memory. It also allows modifications of
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that text by insertions and deletions.
If a deletion is made, all of the rest of the
text (at addresses greater than the deleted
address) is moved down one memory
location to close the gap. If an insertion is
made, all of the rest of the text is moved
up one location to make room for the
addition.

EDITOR is entered with a starting
address in HL. Upon entry it will display
a ‘line’ of text, beginning at that address.
At the left end of the line, the current

.. starting . address will_appear, in hex, ..

followed by a space. Then the contents of
memory are printed, up to and including
the first ‘control code’ found. Any letters
stored in memory with the eighth bit
high will print on the TV as capitals,
while those with the eighth bit low will
print as lower case. The control codes
will print as special symbols:

FBH= {FDH=} FEH= ~ FFH=0

The EDITOR recognizes several com-

mands, as listed below:

carriage return = display next line

line feed = display previous line

space = redisplay the current line, shifted
one character to the left
NOTE: insertions made by EDITOR
will go just in front of the first
character on the display. The space is
used to move along the current line so
that insertions (or deletions) can be
made in the middle of a line.
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Shift O = jump to TEXT with HL equal
to the starting address of current line.

CTRL shift L = insert capital L

CTRL shift M = insert capital M

CTRL shift O =-insert FEH

CTRL shift N = insert FDH

rubout = delete first character of current
line

any unshifted letter = insert that letter
with eighth bit low

CTRL any letter except L, M, or Z =
insert that letter with eighth bit high.

The EDITOR . and TEXT. programs. use .

several more subroutines from the Poly

4.0 monitor ROM. Either program is

entered with a starting memory address

in HL. The monitor program allows
register pairs to be pre-loaded from the
keyboard while it is operating in the

‘front panel’ mode. For a detailed expla-

nation of this procedure, see the Poly

system manual Volume 2 p58-65. The
other subroutines used are:

WHO = fetches a character from the key-
board and returns it in A. No other
registers are affected.

DEOUT = print the two byte number
in DE as a four character hex number.

MOVE = move —BC bytes from the
area starting at (HL) to the area
starting at (DE) — only works for
moving to lower addresses.

Robin’s main program turned out to be
shorter than expected. Including the
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alphabets and punctuations symbols, it is
1250 bytes long. Even with 1,200 words
of vocabulary in memory, there is still
room for TEXT and EDITOR to remain
in memory so that Robin’s family can
revise her vocabulary as needed.

A FEW WORDS ABOUT WORDS

It may be helpful to briefly mention how
the initial vocabulary for Robin’s system
was chosen. The first 1,100 words were
supplied by Robin’s tutor, from lists of
the first words taught in English. The
remaining words were chosen by Robin
and her family. These include the names
of people, places, articles of clothing,
foods and other objects which Robin
comes in contact with.

As practical experience with the system is
accumulated, revisions may be made in
the initial vocabulary and possibly in the
main program. For example, it may tum
out that Robin will feel more comfort-
able spelling words than looking them up
in the stored vocabulary. If this is the
case, we may try adding a set of look-up
tables for prefixes, roots and suffixes to
speed up communication.

FUTURE DIRECTIONS

The basic system built for Robin can
be expanded and modified to fit a wide
range of possible situations. For example,
the kneeswitch could easily be replaced

by an electromyograph-(EMG),-an-instry- .- .

ment which measures the electrical signals
associated with muscle tension. An EMG
can easily detect levels of muscle tension
which are too weak to control a switch
mechanically. This is a practical alterna-
tive to the kneeswitch for people who are
only capable of very limited movement,
such as an eyelid twitch. There are many
hospitalized patients who experience
extreme frustration because they are
conscious but cut off from communica-
tion. Microcomputer communication
systems of some kind may eventually
become standard hospital equipment,
and could help to make such patients’
lives much more rich and meaningful.

There is a wide range of possible options
for expanding Robin’s system. It would
be easy to add a printer, for example.
She could assemble a message on the
TV screen as usual, and then select a




‘print” command which would cause the
message area of the TV screen to be
copied on paper. This would allow her
to write an essay or a letter.

An S-100 compatible card is avaiiable
from D. C. Hayes Associates (the
80-103A Data Communications Adaptor)
which would allow her to select and dial
a telephone number and send messages
over the telephone to anyone having a
computer terminal. A number of com-
puter networks are now being used as
communication networks, and it is
reasonable to expect a network for handi-
capped people to develop in the near
future.

Computers can be used to generate and
control sounds. Several companies now
offer S-100 compatible speech synthesis
cards. It would be possible for Robin to
learn to speak out loud, using one of
these cards. Although the necessity of
learning a new ‘language’ of phonemes
would initially make this a stow commu-
nication process, the potential exists
for this to be a very rapid communication
mode.

Several companies now offer S-100
compatible circuit boards for music
synthesis. It would be possible to write
a program which would allow Robin to
compose music and instruct the computer
to perform it for her. Computer graphics
are also possible. With a higher resolution
video dispiay, it woulid be possible for her
to draw pictures with fine detail, and
with a suitable printer, make ‘hard copies’
of these on paper.

There are several CMOS microprocessor
CPU chips available now. Although
CMOS memory and peripheral chips are
still somewhat more expensive than TTL
and NMOS chips used in Robin’s system,
it is already practical to build a micro-
computer system similar to Robin’s
which would consume much less power.
Such a system would be more expensive,
but would be capable of battery oper-
ation, increasing portability.

S-100 compatible circuit cards are readily
available which allow a computer to
control electrically operated devices in its
surroundings. It would be easy to expand
a system like Robin’s to allow her to

turn on and off lights, appliances, etc. A
system which can communicate can be a
flexible control system too.

If you decide to try to build a micro-
computer communications system for a
handicapped person, I’d like to hear from
you. I may be able to help with advice,
and Robin might benefit from your
ideas. My mailing address is:
Tim Scully
35267-136 CH
P O Box 1000
Steilacoom, WA 98388

NOTE: Thanks are due to the staff of
McNeil Island Federal Penitentiary,
whose cooperation made this project
possible. The staff of Aquarius Elec-
tronics in Albion, California were also
very helpful in tracking down parts for
Robin’s system. Robin’s family provided
the essential financial suppost, and
Robin, her family and tutors all helped
by contributing ideas and suggestions.

T s St

McNeil Island December 1977
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SPEECH RECOGNITION AS AN AID TO THE HANDICAPPED

by

Horace Enea and John Reykjalin
Heuristics, Inc.
900 North San Antonio Road
Los Altos, CA 94022

ABSTRACT

Speech recognition permits control of devices as well as entry
of data to computers. Using the control aspect of speech
allows an otherwise immobile person to control a wheelchair or
turn lights on and off across the room even though restricted
to a bed or iron lung.

A pilot project in speech control is described which uses a
model car linked to the computer by radio. Computer prograns
are included.
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MICROPROCESSORS IN AIDS FOR THE BLIND

Robert S. Jaquiss, Jr.
P.0. Box 500
Beaverton, Oregon 97077
(503) 644-0161 ext. 5617

Introduction

There are increasing opportunities for
the blind to function effectively in society
because of the increased use of computers for
data manipulation and information retrieval.
This is possible because blind persons can
receive the same information as their sighted
co-workers.

The rapidly increasing number of small
business computers enable blind persons to
work as programmers and clerks. Also, as
research assistants, the blind can use data
bases such as NTIS (National Technical In-
formation Service), IEEE and Lockheed to
research articles on topics of interest.

The major difficulty for a blind person
is determining the computer's response. This
difficulty can be overcome by the use of
equipment such as braille terminals, Optacon,
closed-circuit television magnifiers, and
speech output devices.

This paper describes some of the devices
that enable the blind to read computer out-
puts and explores the future role of micro-
processors in this field.

Braille Printing Terminals

Various devices have been designed to
“produce braille computer output. Although

a number of equipment prototypes have been
built and demonstrated, the only commercially
available braille computer terminals are sold
by Triformation Systems, Inc. of Stewart,
Florida. Triformation makes two basic types
of devices: one produces braille on a paper
tape and the other on fanfold paper. (See
figure A-1.)

An impact printer, such as a teletype or
lineprinter, can be modified to produce
braille. A pad (thin rubber or elastic)
placed over the platen, or in front of the
hammers on a Tline printer, allows impressions
of the period to simulate braille. The
braille produced in this manner is rather
poor, because the dots are not spaced
correctly and because the printing mecha-
nisms are not strong enough to emboss heavy
paper.

A modification of this type is available
for the IBM 1403 printer. While rather ex-
pensive, this printer does produce good
quality braille.

WEST COAST COMPUTER FAIRE

“not portabie.

The Optacon

The Optacon allows the blind person to read
ordinary print directly from the screen of a
bright crt or from a hard copy (see figures A-2
and A-3). In operation, the Optacon picks up
the image to be read with a camera and focuses
it onto an array of photodiodes. The user feels
the ends of vibrating wires, one for each photo-
diode, to feel the shape of the characters.
Uppercase type is the easiest to read, followed
by lowercase type. The plainer the type, the
more easily it can be read. While the Optacon
is not as fast to use as braille, it is more
versatile.

Closed-Circuit Television Magnifiers

For use by partially-sighted individuals,
the closed-circuit television magnifier is basi-
cally a camera attached to a high resolution
black and white television monitor. The camera
is equipped with a special 20X magnification
lens. These machines also incorporate a reverse
image capability. This provides white letters
on a black background which, in some cases, is
easier to read.

Unless the closed-circuit television mag-
nifier is equipped with a viewing table, reading
of hard copy may be a problem, and the copy is

portable copy with large letters. However, this
is a slow job, and the paper must be manually
placed on the machine.

Speech OQutput Devices

Speech output is available in various forms.
Votrax types require a string of phonemes for
speech generation, while the Compu-Talker type
requires more complicated software. In certain
applications, such as obtaining listings of
long programs, this type of output is not accept-
able because it would require the user to mem-
orize entire programs in order to make
corrections.

TSI (Telesensory Systems, Inc.) makes a
type of speech board which has a canned vocab-
ulary on it. The canned words will be generated
when the board is sent a number corresponding
to the desired word.

New Research
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There is some work being done with tactile
displays, the blind person's version of a crt.
To my knowledge, there are no commercially-
available devices of this type. Some proto-
types have been built that use air to drive
pins up to form a braille Tine. Others use
the input port on an Optacon so a computer can
generate uniform characters on the Optacon dis-
play. This last method solves one of the major
problems of the Optacon, which is the necessity
of holding the camera to the screen with one
hand, typing with the other, and reading from
a braille coding sheet.

Microprocessors in Aids for the Blind

Microprocessors will be invaluable in aids
for the blind because they can perform data
formatting and searching at a reasonable cost.
Braille books are very large. For example,
the 1959 edition of the World Book Encyclo-
pedia requires 43 feet of shelf space. The
Art of Computer Programming, Volume 1, by
Knuth if almost two feet Tong. (See figure
A-4.) Because of the large size and high cost
of braille books, attempts are being made to
store books onto data cassettes which can then
be read by a computer and displayed on some
sort of refresh device. With this approach, it
will be possible for the blind to have books
available, at a reasonable price, which can be
rapidly read and/or scanned through using an
editor.

Microprocessors can also be used to inter-
face display devices to instruments. This will
be much easier in the future, because of the
GPIB interface bus that is being used more and
more in instrument design.

Summar

Equipment now on the market enables blind
persons to determine a computer's response and
thereby receive the same information as their
sighted co-workers.

The cost and size of braille books can be
greatly reduced by storing them on data
cassettes. Microprocessors will play an im-
portant role in the devices that enable the
blind to read the data stored on the cassettes.
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Figure A-1

The author is reading the output

of a braille printing terminal with
his right hand.

Figure A-2

An Optacon is being used to read
from the screen of a Tektronix
display terminal.

Figure A-3

An Optacon is being used to read
a hardcopy printout.
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Figure A-4

The braille edition of The Art of
Computer Programming, Vol. 1
by Knuth.
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BLIND MOBILITY STUDIES WITH A MICROCOMPUTER

Carter C. Collins, William R. O'Connor
and Albert B. Alden

Smith-Kettlewell Institute of Visual Sciences
and Department of Visual Sciences
University of the Pacific, 2232 Webster Street
San Francisco, California

ABSTRACT

In the evaluation of a new sensory aid for
blind mobility comprising a wearable tactile
vision substitution system we have made a
number of behavioral measures. The initial
batch of data was collected and reduced by
hand which pointed up the necessity for auto-
mating the procedure in order to process the
volume of data anticipated in a large scale
evaluation program. For this we have designed
and built an 8080 microcomputer based blind
mobility evaluation system, utilizing an ultra-
sonic triangulation ranging method, which today
contintinuously tracks and plots the real time
course followed by a blind person in our 20 x
30 foot mobility laboratory space. The detail-
ed path of the blind walker is recorded in
graphical form on a monitor screen overlayed
by the plan of arrangement of obstacles in
one of many arbitrarily chosen obstacle courses.,

BASIC language software is being developed
to compute, store and display some of the more
important mobility parameters, including colli-
sion avoidance, average walking speed, location
and duration of stops, total travel time,
travel efficiency and safety. As an example
of the kind of output this system will be re-
quired to produce we relate the findings of
our initial study.

We have examined the effects of some 40 con-
secutive practice trials on the safety and
efficiency of indoor mobility performance of
each of two blind subjects in a laboratory
travel environment. After two hours mobility
experience with only the tactile imaging device,
blind subjects walked freely at about one foot
per second on a 65 foot mobility course through
a room cluttered with furniture, detecting
and avoiding over 95% of the obstacles (100%
in half the trials). Subjects decreased stop
and search time from 61 to 14 seconds with
a 120 second mean total travel time. Travel
efficiency (percent time spent walking) in-
creased from 63% to 86% during these trials.
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These tests demonstrate the feasibility of
the concept that optical information alone
presented on the skin can contain sufficient
information to permit the blind to avoid
obstacles and steer a clear path for successful
indoor mobility.

Introduction

Vision is probably our most important
mobility sense, permitting us to walk rapidly,
accurately and confidently wherever we wish to
go. Since this source of mobility information
is not available to the blind, there has long
been the need for an effective sensory aid
permitting safe and efficient travel by the
blind pedestrian. The latest electronic
guidance devices (1,2) have not yet been
generally accepted by the blind community (3),
and today the long cane remains their best
available mobility aid (4).

It has been the specific aim of this present
preliminary investigation to determine the
feasibility of utilizing wide field optical
information impressed onto the skin as a mobil-
ity aid for the blind. 1In this study we have
set up a synthetic mobility environment and
have made a number of objective measurements
of the mobility performance of blind subjects
using a newly developed wide field of view
sensory aid as their only guidance device.

This preliminary study alone required over
150 man hours of data manipulation. 1In order
to expedite processing of the voluminous data
expected in a full scale evaluation program
it has become necessary to devise an automated
data collection and reduction system. This
system was designed to follow a person picking
his way through our laboratory mobility testing
area. We required sufficient range to cover
the 20 foot square mobility course in our
20 x 30 foot laboratory. Range resolution of
less than 2 inches was required to detect colli-
sions with obstacles, and this can clearly de-
lineate individual footsteps. The sampling
rate must be fast enough to preserve the con-
tinuity of the information, even with rapid
motion, without in any way encumbering the
motion of the pedestrian being tracked. 1In
addition, the system had to store the X-Y
coordinates of each sample of the pedestrian's
track for statistical analysis of a trip
through the room, and provide sufficient extra
machine capability for storing the outlines
and positions of furniture and other obstacles
in the mobility course.
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For training purposes, we wanted to provide
the possibility of performance feedback to the
pedestrian, in something approaching real time,
by the operator of the system; i.e., a meaning-
ful way to permit the pedestrian to compare
one passage taken through the room with
another, based on information collected by the
system, and made available shortly after com-
pleting a passage.

The system which we have designed comprises:

° An ultrasonic locator system consisting

of an RF-ultrasonic transponder to mark
the position of the blind pedestrian by
triangulation.

A triangulation (Rl,Rz) coordinate to

Cartesian (X,Y¥) coordinate conversion
program with an output graphics display
map of the pedestrian's path,

A mobility performance evaluation program

resulting in archival mass storage of
path (X,Y and time) coordinate and per-
formance evaluation data.

Ultrasonic Locator System. The blind pedes-
trian locator and tracker consists of a
"wireless tether" similar to the apparatus
used by Strelow, Brabyn and Clark (11) to
follow the progress of blind pedestrians in
their mobility laboratory at Canterbury
University in New Zealand. However, our system
eliminates the three long strings which they
attached to the subject's head in order to
compute his location in the laboratory. Such

strings would become entangled in the overhangs,

columns and other tall obstacles encountered
inl our mobility laboratory. We have replaced
the strings with two invisible RP-ultrasonic
links, leaving the pedestrian completely free,
with no strings attached. This ultrasonic
triangulation technique is diagrammed in
Figure 1.

© 77 The componrients of this system are:  ~ 777

1) a transponder (transceiver) worn by the
blind pedestrian made up of an RF receiver
which pulses an ultrasonic transmitter (small
40kHz loudspeaker). This RF receiver picks up
the signal from

2) an RF transmitter triggered by

3) control electronics which are controlled
by

4) the microcomputer and

5) two microphones which pick up the ultra-
sound pulses generated by the ultrasonic trans-
mitter.

These microphones feed their amplified
signals back through the control electronics
to the microcomputer which generates the
X-Y coordinates of the pedestrian from the
ultrasonic time delays as described later.

The components of this triangulation-tracking
system are shown in Figure 2A, and the systenm
is being worn (by O'Connor) in Figure 2B.

The operation of the ultrasonic system is
as follows. The microcomputer (Figure 1)
sends a start pulse to the control electrcnics.
This sets two flip-flops, and applies a 4kHz
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audio modulation signal for about 15 ms. to a
low power 28MHz R.F. transmitter. The outputs
of the two flip-flops start two counters
counting the output of a 10kHz clock signal
generated by the microprocessor. The 4kHz
modulation of the broadcast signal is detected
by a tuned filter in the R.F. receiver carried
by the subject. This detected signal is used
to turn on the ultrasonic ( 40kHz) transmitter
worn by the subject. The ultrasonic receivers
each receive the transmitted 40kHz ultrasound
delayed by a time proportional to the distance
from the subject to the receiver. The first
received 40kHz signal from each receiver
exceeding a set threshold is used to reset the
flip-flop associated with that receiver. This
resetting stops the counter whose count is
proportional to the measured distance. (For a
10kHz clock, one count represents a resolution
of 1.32 inches.) The microprocessor reads the
counters, resets them and initiates a new
cycle with a start pulse.

X-Y Coordinate Computation. The ultrasonic
triangulation data must be converted to
X-Y coordinates for plotting and convenient

data reduction. The triangulation data Rl and

Rz are converted to X-Y Cartesian coordinates

in the following manner.

To help speed the calculations some alge-
braic manipulation was done to allow one of the
two equations to be solved without the use of
square roots.,

Referring to Figure 1:
X =L - X' where L is the length of the
testing area, in this case
20 feet.

where D = the
separation between
the microphones.

expanding (c):

D2 - 2DY + Yz + X2 = R22

substituting (a):

2 2 .2 .2
D 2DY + Rl - X"+ X" = R2
o2 2 2
-2DY = 2 D Rl

(1)

from (a)

(2) -
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Even more simplification and speed-up of the
software was possible due to the fact that the
combination of resolution (an inch or two} and
range (from 10 feet out to the 36 foot diagonal
of the 20 by 30 foot room) allowed the use of a
single computer word of precision in the input,
provided that the data was normalizea for this.

In operation the system runs at the afore-
mentioned tenth second repetition rate and its
resolution is fixed by the clock applied to
the counters. This determines the minimal
change in delay, between the strobe and the
returned pulse detectable in either channel.

In one of the clock periods chosen (C 100 ms)
sound will travel 1.32", which in turn is the
unit of measure used with the 256 x 256
graphics output for a useful length in either
direction of 28.16 feet vs, the mobility
course dimension of 20 feet on a side.

The X-Y coordinate computing application
program is written in 8080 machine code and
runs on an IMSAI (Figure 3) equipped with the
following hardware:

- Extensys 64K dynamic RAM card with

appropriate disables.

IBEX 16K PROM board with the (half used)
Processor Tech. ALS-8 firmware used in
development.

Chromemco BYTESAVER with the application
and I/0 programs in EPROM.

IMSAI PIC-8 with the counter-mux. hard-
ware built in.

Processor Tech. CUTS board for "CUTER"
based mass storage on cassette.
Processor Tech. 3P&S board for I/0.
Matrox ALT 256**2 graphics board for
plotting the output.

Matrox ALT 2480 board running the system
output.

Everything is tied together as illustrated in
Figure 3.

The X-Y coordinate computing program is
written in 8080 machine code and is indepen-
dent of any higher level language or operating
system. During operation the program behaves
as follows. An initialization routine sets up
the stack pointer, a jump table, and the
address of both the list and a buffer where
sampled data is kept temporarily. It then
programs the priority interrupt/programmable
counter board to interrupt the system at tenth
of a second intervals, and halts.

The interrupt service routine controls the
program; when called it inputs data from the
previous cycle, issues a reset to the hardware
and outputs the R.F. strobe.

The time during which the hardware is ac-
quiring new data, is used in this manmer to
process the data that is now loaded into RAM.
In processing, the data is first checked for
errors and then normalized. The "Y" coordinate
is then found using eq. 1, that result is
stored and used in the finding of the "X"
coordinate with eq. 2. The pair of coordinates
is then output on the map display, and stored
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on a list which resides in RAM, filling upwards
from $1@¢@ H. Finally the lists' pointer is
incremented, and things halt until the next
interrupt.

Control of the ultrasonic system is imple-
mented through one output and one input port
on the Chromenco 3P+S (I/0) board. The output
port uses three bits to operate a custom built
circuit mounted on the Priority Interrupt/
Counter board (PIC-8) containing two eight-bit
counters, a multiplexer to switch between them,
and buffers. Bit zero starts the counters at
strobe time (they are stopped from counting by
the detected ultrasonic pulse). Bit one selects
one of the two counters, and bit two resets
them after they have been read. Input is via a
single eight bit wide input port.

System I/0 is through a Wyle Computer Prod-
ucts CRT and keyboard terminal chosen for
economy. Input from it required a custom soft-
ware package and, an input port and a status
bit on the 3P+S board.

Output to the CRT comes from a MATROX 24x80
memory mapped video board (which occupies 4K
of space because it uses twelve address bits to
access characters by row and column) chosen for
compatibility with printer formats. It also
needed a custom softward package.

Pending the arrival of our disk, development
tools were Processor Tech's. ALS-8 firmware
module (8K) for assembler, editor, and debugger
as well as their tape based CUTER system and
board for mass storage.

The applications package has its own special
output (Figs. 2 and 3) on another CRT graphics
monitor; this is driven by a MATROX 256*256
graphics board, which looks to the system like
four I/0 ports. They include; "X" address,
ny" address (both 0-255), intensity (on-off,
but expandable with decoding and multiple
boards for colors and grey scale) and screen
erase. A sample output of a pedestrian's track
on the graphics monitor is illustrated in Fig.
4B.

There appear to be provisions for synching
the rasters of the two MATROX boards and sum-
ming their video to get graphics and alpha-
numerics in one combination display.

Taking its input from the X,Y coordinate
computing program's output, the mobility
performance evaluation program in BASIC lan-
guage should prove very flexible. Any changes
or additional relationships to be calculated
can be simply added at any time. The mobility
performance parameters which we have found most
important to be evaluated at this time include:

X,Y coordinates of blind pedestrians'
position

instantaneous velocity and acceleration
of the subject

average walking velocity over entire
course

location and duration of stops

length of individual paths between stops

total distance traveled by subject
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- number and direction of turns taken by

subject

. number of collisions with obstacles

- number of obstacles approached by subject

. collision avoidance, i.e., percent of

encountered obstacles with which
subject avoids colliding

total travel time

travel efficiency

the productive walking index or percent
of total time spent actually walking

. other factors, as are deemed important,

can be programmed for computation in
simple BASIC language.

Examples of such reduced data are taken from
our original batch of manually processed infor-
mation.

Sensory Aid. The wearable sensory aid uti-
lized in these experiments (Figs. 5 and 6) has
been developed over the past ten years (5,6,7).
It utilizes a miniature, monolithic, wide angle
television camera mounted on the frame of a
pair of glasses which serves as the artificial
eye of the sensory aid. Images from this
camera (Fig.: ) are electronically impressed
point-for-point onto the skin of the abdomen
by means of a 10-inch square array of 1024
coaxial stimulus electrodes mounted on a flex-
ible, elastic supporting garment worn directly
against the skin of the abdomen (7). The com-
plete system weighs five pounds including two
pounds of rechargeable nickel cadmium batteries
for eight hours of operation.

A small and versatile optical system was de-
signed by one of us (CCC) for blind mobility
use with the sensory aid. The optics provide
an adjustable field of view up to 180°, an
infinite depth of field which permits operation
with no focusing adjustments required by the
subject, and a large aperture (f£:0.5 for oper-
ation with available room light.

- Preliminary trials indicate that a 90-degree

field of view appears to be about the best
compromise between sufficient resolution with
the 32-line system to detect obstacles and the
very wide peripheral field of view necessary
for mobilitg. The optical axis of the lens was
directed 45~ downward to include a field of
view from just above the horizon down to the
space directly in front of the subject's feet
in order to permit him to detect low obstacles
within a footstep of his path. This field of
view and lens direction were used throughout
these tests.

Mobility Course. The experiments performed
in this study were carried out in a modular,
quickly alterable and objectively definable
synthetic indoor mobility environment contained
in a 20 by 30 foot room. This mobility course
was layed out in a Cartesian coordinate grid
system with one foot square vinyl floor tiles
(Fig. 4A). The obstacles consisted of real
walls, a door frame, pieces of real furniture,
high and low tables, chairs, a podium, waste-
baskets, boxes and wall curtains, as well as
simulated columns and overhanging beams con-
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structed of corrugated cardboard for subject
safety (Fig. 6).

Sixteen different courses were layed out on
graph paper with obstacles located on numbered
squares corresponding to those of the room.
This facilitated quick relocation of obstacles
and permitted a rapid and essentially random
temporal sequence of different layouts to be
presented to each subject. Illumination was
30 to 50 footcandles at floor level.

The mean total path length of a single mo-
bility course was 65 feet (20 meters). Of the
30 total obstacles, it was expected that only
10 or 20 might be closely encountered by the
blind subjects as they made slight variations
in their travel paths. The mean number of
closely approached obstacles requiring avoid-
ance was 12 per course. The mean free travel
path length between obstacles was 5 feet. There
were 6 turns per route on average.

The mobility course and evaluation design
philosophy has borrowed heavily from the pre-
cepts of Armstrong (8), Kay (1), and, in par-
ticular, Shingledecker (9), in Emerson Foulke's
laboratory.

Subjects. Two blind male subjects, age 28
and 37, were utilized in these experiments.
Neither subject possessed any degree of func-
tional vision and each had been blind for over
25 years. Both subjects were excellent cane
travelers with years of practice. They each
had over 200 hours experience with other, fixed
tactile imaging devices.

Procedure. Subjects were initially given
about 15 minutes of pretrial mobility experi-
ence with the sensory aid. They were given a
verbal description of the nature of the courses
and were requested to walk at a normal pace
avoiding collisions and that the course was
designed to keep the "shoreline" left. The
experiment consisted of the subjects walking

-completely through-respectively 39 and 48 con- W

secutive trial courses, each one selected from
the 16 different courses, such that each course
was different from the last. Successive trials
were made about every five minutes. Experimental
sessions lasted from about 15 minutes to one hr

The entire series of tests were recorded on
videotape and the experimental data were ob-
tained by a number of replays of the tape. Two
observers with stopwatches and a counter mea-
sured the distance and duration of each short
path leg walked by the subject; number and
duration of stops; number, location and type of
collision, and number and size of head move-
ments.

The detailed path of the subject was record-
ed in graphical form overlaying the plan of
arrangement of obstacles for each course as in
Figure 4A. A separate plot resulted for each of
the 87 total runs. Data were correlated with
these graphical records.

Results, The travel safety of the blind
subjects was scored in terms of collision
avoidance, that is, the percent of the encoun-
tered obstacles with which they avoided collid-
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ing. The collision avoidance score showed a
mean value of 91.77% for both subjects combined,
with an initial value of 84.5% and final value
of 95.04%; an increase of 12.5%. For subject
B.G. the mean was 89.87%. The linear regres-
sion fit of the data for this subject indicates
an initial score of 86.75%, 1ncre331ng to a
final score of 92.99% for a 7.19% increase over
39 trials. The mean collision avoidance score
for subject L.S. was 93.31% with an initial
score of 89.91% and a final score of 96.72%,
an increase of 7.56% over 48 trials. This per-
formance is shown in Figure 7 with the linear
regression fit of the data.

As suggested by Shingledecker (9), the
change in travel time with practice was ana-
lyzed in terms of three components of travel
efficiency: walking speed, number of stops,
and duration of stops along the travel path.
The mean total time to negotiate the mobility
course was 120.3 seconds for both subjects.
Subject B.G. took more time at the outset,
183.4 seconds vs. 108.9 seconds for subject
L.S. But with two hours training both subjects
took the same final time, about 98 seconds
mean to complete the course. During this
experiment subject B.G. decreased his total
travel time 46% with a mean time of 141.1
seconds (Fig. 8). The faster walker, subject
L.S., decreased his total time by 10% with a
mean of 103.3 seconds total travel time to
complete the mobility course.

Walking speed indoors was fairly stable at
0.8 feet per second mean for both subjects.
(We have observed indoor walking speed to be
roughly half that of outdoor speed for both
blind and sighted persons.) The mean walking
speed for subject B.G. was .73fps, showing a
5.6% increase (Fig. 9). The mean walking
speed for subject L.S. was .84fps over 48
trials. We could not measure a change in his
#alking speed.

The mean number of pauses or stops along
the travel route to search for a new clear tra-
vel pathwas 2.95 for both subjects combined.
They initially made a mean of 5.11 stops de-
creasing by 80.3% to a mean of 0.92 stops by
the end of the experiment. Subject B.G., with
a mean number of stops of 3.36, showed a 72.8%
decrease from an initial value of 5.5 stops
to a final value of 1.2. The mean number of
stops for subject L.S. was 2.62, with an
initial value of 4.8 and a final value of 0.7,
for a decrease of 85.4% during the course of
the experiment. The mean number of stops for
both subjects combined decreased from 5.11
initially to 0.92 stops at the end of the
experiment, an 80.3% decrease.

The mean total stop and search time for
both subjects combined was 37.5 seconds,
varying from an initial value of 61.3 seconds
to a final value of 13.7 seconds; a 78% de-
crease over the duration of the experiment.
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Subject B.G. with a mean total stopped time of
55.2 seconds decreased 88.3%; from 98.8 seconds
initially to 11.6 seconds final value (Fig. 10).
Subject L.S. exhibited a mean total stopped
time of 23.2 seconds, decreasing 49.8% from
30.9 seconds initially to a final value 15.5
seconds.

The mean duration of each individual stop
and search period was 12.93 seconds for both
subjects combined; initially 12.0 seconds, it
actually increased to 14.89 seconds final value
(but subjects averaged only one stop at the end
of the experiment).

The PWI, or Productive Walking Index, intro-
duced by Armstrong (8), is a measure of the
continuity of progress of the subject towards
his goal. It is the percent total time spent
actually walking. The mean PWI score for
subject B.G. was 68.2% with an initial value
of 48.7% and a final value of 87.7% for an
increase of 80%, an impressive practice effect
as shown in Figure 11. The mean PWI score for
subject L.S. was 80.60% with an initial value
of 74.12% and a final value of 87.12% for an
increase of 17.48%. The mean PWI for both
subjects was 75.04%. Initially 62.7%, with a
final value of 87.3%; mean PWI for both sub-
jects increased 39%.

Discussion. The experimental results indi-
cate that the optical information provided by
the new tactile television sensory aid has per-
mitted blind subjects to safely avoid most
obstacles and to steer a clear path for suc-
cessful and increasingly efficient indoor
mobility.

Apparently the device immediately provided
them anticipatory information about the travel
route as evidenced by their initial 85% colli-
sion avoidance score. We are encouraged to
believe that with considerably more practice
subjects could learn to avoid essentially all
obstacles, as suggested by their 95% collision
avoidance score after only two hours of prac-
tice, and 100% in 10 out of the last 12 trials
for subject L.S. (Fig. 7).

The blind subjects quickly learned to in-
crease their travel efficiency with the sensory
aid as shown by the 39% increase in their Produc
tive Walking Index and 31% decrease in travel
time during the same two hours practice. The
most significant component contributing to the
decreased time to complete the mobility course
was the 80% decrease in the number of stops
made by the subjects, resulting in a 78% de-
crease in stop and search time. By the end of
the experiment subjects were averaging about
one 15 second stop for the entire 65 foot
mobility course. The relatively long scanning
time taken by subjects at each stop may well be
due to their attempts to recognize details of
obstacles and escape routes with the low reso-
lution (3 ) due to the 90 wide angle of the
display (90 /32 lines:3%).
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To meet this problem we now have designed
and built a 16 to 1 zoom lens with a field of
view from 10° to 160°. This will permit the
blind pedestrian to utilize a wide field of
view for orientation and navigation, but when
he encounters an unrecognized obstacle he will
be able to focus his attention by zooming down
onto the details of the object in order to
better recognize it. Thus, we believe subjects
will be able to reduce their stop and search
time.

Because of the inordinate amount of time
required to collect and process this type of
information, a great body of valuable mobility
performance and rate of learning data would go
uncollected if an automated collection and
reduction system were not available. We have
designed a small, economical, dedicated micro-
computer system to fill this need.
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Fig. 1.

Schematic layout of the microcomputer

controlled ultrasonic locator system for
generating the X-Y¥ coordinates of a blind
pedestrian from ultrasonic triangulation data.

Components of the ultrasonic
locator system for blind mobility tracking.
The RF receiver is the small box in the center

Fig. 2A.

foreground with its trailing antenna. This
receiver is generally worn on the belt of the
blind pedestrian. The ultrasonic transmitter
is shown in the right foreground as a small
omnidirectional ultrasonic loudspeaker mounted
on a lightweight headband worn by the pedes—
trian being tracked. The RF transmitter is

in the left foreground and the IMSAI 8080
microcomputer in the lower background. The
control terminal on the right and the output
display graphics monitor is on the left. The
blind pedestrian's path is traced out in detail
on this monitor. The sequential coordinates of
this path are stored in memory and subsequently
dumped onto a cassette recorder (not shown)
when the 64K memory is full.
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Fig. 2B. The microcomputer controlled ultra-
sonic locator system showing the components in
use. The subject is wearing the lightweight
ultrasonic transmitter (loudspeaker) on his
head and he carries the RF receiver. The two
microphones (on stands at the far edges of the
picture) pick up the ultrasonic pulses from the
subject and deliver them to the ..icrocomputer
which continuously computes the X~Y coordinates
of the subject and plots them on the graphics
monitor screen (left background).
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Fig. 3. The hardware complement of the micro-
computer controlled ultrasonic locator system
(described fully in the text in the X-Y
coordinate computation section).
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10 INCH SQUARE
FLEXIBLE STIMULATOR
MATRIX AGAINST SKIN

20°

Fig. 4A. (Top) Plan of one of the 16 mobility
courses with a typical path walked by a blind
subject. Note he avoided all obstacles
(except the small basket on the floor) and
found a clear path through the maze of
obstacles with only the tactile mobility aid.

RECHARGABLE
BATTERIES
MOUNTED

ON VEST

REGULATED
POWER
SUPPLY

Artist's conception of the 1024-point
fully portable electrotactile mobility aid.
The miniature TV camera mounted on a pair of
glasses permits the object at which the wearer
points his head to be imaged on the skin of
his abdomen. The image is converted to a
pattern of electronic pulses applied to the
skin by an array of small electrodes in a

25’

Fig. 4B. (Bottom) CRT tracing of a similar

path of subject plotted by ultrasonic tracking
device and objective microcomputer evaluation
system.

Fig. 6. One of the 16 furniture arrangements
of the indoor mobility course used for blind
mobility tests. Course required subject to
avoid overhang (in background), and thread
between chairs and tables. 1In the background
is a cul-de-sac of tables he was required to
negotiate.
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Fig. 7. Collision avoidance mobility data is
one measure of blind pedestrian safety with a
sensory aid. Here, performance improves over
48 trials.
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Fig. 8. Total time to complete each course is
a measure of efficiency of blind mobility.
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THE DESIGN OF A VOICE OUTPUT ADAPTER FOR COMPUTER

William F. Jolitz, 2124 Parker Street, Apt. 309, Berkeley, CA 9LTOL

ABSTRACT

The design of a Voice Output Adapter for visually handicapped

computer programmers is discussed.

This device, based on a

DEC LSI-11 microcomputer and a VOTRAX VS-6 synthesizer will

generate speech from ordinary typed text.

Phonetic translation

is accomplished by a set of rules, instead of a dictionary.
Although this device uses a VOTRAX synthesizer, and experimen-
tation has been limited to English, the device will act inde-

pendently of language or synthesizer type.

All software will

reside in the main memory; no peripheral memory will be used.

This results in a compact device.
Introduction

Attempts have been made to use speech syn-
thesis to aid visually handicapped people, but
most have not encountered great success. Often,
these attempts were too costly, too complex, too
limited or otherwise impractical. An attemptCld
is currently being made to break this "practi-
cality" barrier bty designing an inexpensive de-
vice which couples a Hewlett-Packard HP 9825A
desk-top calculator (see A-1) to a VOTRAX VS-6
voice synthesizer, This voice display will
allow completely unhindered use of the calcula-
tor by unsighted operators, and will require no
extra training to use. Since the unit is based
on a microprocessor, it will be compact and
relatively inexpensive -- two features which
lend themselves to mass manufacturing. The de-

- signed system is not language or hardware-depen- -

dent. It is possible to have a multilingual de-
sign and/or interface to other computers or
calculators.

Why Voice? There are different methods
that can be used to present computer output to
the blind. A method that has been widely em-
ployed is using a Braille terminal to translate
a line of text into Braille embossings, which is
a direct method of approaching the problem, but
one with some limitations. Some of the limita-
tions of this Braille method are that it re-
quires copious quantities of consumable paper,
prints at a slow rate and requires Braille
training.

An alternative method is to use voice out-
put from a speech synthesis unit. This method
has not been frequently used, primarily due to
the high cost of the hardware. However, with
the recent revolutions in the microelectrenies
area (which made personal computing a reality),
this is no longer a problem.

Voice methods seem to complement Braille
methods, in that they require no consumables
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(except, of course, electricity,, communicate
very rapidly, and require no training. Extend-
ing this thought further, Braille methods leave
hardcopy, while voice methods are suited for
interactive use. The differences are similar tc
those found when choosing either a CRT or a
printer type terminal, and this simile is accu-
rate enough to predict where voice or Braille
(or both) can fit into an application,

In data entry applications, hardcopy is a
hindrance, so CRT terminals are used. Con-
versely, CRT terminals are a hindrance when com-
posing programs, since often you need hardcopy
to refer to later. Hardcopy has nice properties
that are easy to handle, easy to transport, and
hardcopy is useful in discussing program/data
text among a group. Many computer systems mix
both types of devices to take advantage of both.
Another—advantage of the voice method is
that it can be used by sighted users to double
check data entry. Feedback of this kind has
been found to be very efficient at detecting
entry errors in a flight research experiment.ﬂﬂ
In addition, an easy-to-use speech synthesis
system (as this basically is) allows for mis-
cellaneous special purpose applications (paging
systems, etc.) Voice is a good medium for get-
ting a short message across from a computer to a
person.

A Sample Session With The Voice Display
System. In order to understand this voice
system, let us look at how it will work in use.
In the following example (see A-2), the operator
will type a one-line program into the calculator
which will display "hello" on the calculator's
display panel when run. The "dsp" mnemonic is
a calculator function to display text on the
display panel. As can be seen in the example,
the operator presses a key on the calculator,
then the key's name is spoken by the synthe-
sizer. This is called echo-feedback, and it's
purpose is to allow the user to monitor text
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input on a character by character basis. When
the operator presses the store key, the calcu-
lator accepts the typed line of text as a pro-
gram step. Upon observing the calculator accep-
ting the program step, the voice system reads it
out word by word. The operator can execute the
program by pressing the run button, where the
entered program then writes "hello" on the dis-
play (which the voice system reads out) and
stops. To review the program entry, the opera-
tor can choose to "fetch" it, whereby the pro-
gram step is read out as it is displayed.
Basically, the calculator's display is ex-
pressed with speech instead of print. It is as
if you had a person reading the display for
someone who was entering a program but could
not see the display.

Prototype Philosophy. The intent of this
project is to show that an inexpensive device to
aid blind computer programmers can be made. No
attempt is being made to engineer a product; all
that we intend to do is demonstrate the ideas
for such a product with a working model. A1l
equipment is stock, with the lion's share bor-
rowved from various parts of NASA Ames Research
Center, Digital Equipment Corporation and the
Sensory Aids Foundation. All software is gen-
erated in the high level language, C, [3] for
ease of programming (in systems programming
applications, C is the APL of computer langu-
ages). Any additional reduction in program

size, through using assembly language, would
mean & larger cost in programming time and
frustration (anyway the C compiler used gener-
ates size optimized code).

Hardware

Practicality is a main concern in the
design of this system. Hardware was chosen with
availability in mind. Although no attempt was
made to compact hardware, it was felt thsat
overly large hardware would obscure the basic
concept of practicality. Hardware was chosen
whenever possible to reduce size. As a result,
all of the hardware associated with this project
(less printer) is about the size of a breadbox.
If one were to custom design the hardware (less
printer) with no major changes, except for re-
moving redundant and unnecessary eircuitry, one
would probably have a well-stuffed 8" x 10"
board. Given future (fourth quarter 1978) tech-
nology, such a board could probably be built in
a fourth of the size and at half the cost.

The hardware that is used for this project
consists of:

. DEC LSI-1l microcomputer (see A-3)

. VOTRAX VS-6 Voice Synthesizer

. Intercept Interface

. Triformations, Inc. BD-3 Braille
strip printer

=W -

Microcomputer selection was based

ISI-11.
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solely on processing speed, physical size, and
high level language support. Processing speed
is really a function of what kind of operations
are most frequently performed. For the speech
synthesis software, it was empirically discov-
ered that 16 bit pointer arithmetic operations
would be the most common (70% of the time the
software is searching or indirecting through
matrices, many larger than 256 bytes long).

The LSI-11 was chosen because it can handle
pointer arithmetic more rapidly than other
available choices (z-80,8085,6800). A high
level language (C) was also available that gen-
erated efficient code.

VOTRAX Synthesizer. Speech synthesizers
are constantly improving, as need for clearer
speech is required. The pace of such change is
S0 great that last year's products usually are
surprisingly outmoded by current products. The
synthesizer unit used in this project is an
example of this; although it has moderately good
performance (intelligibility), in a few months
it will probably be superseded. However, this
unit was chosen because it was available, and it
generates reasonably clear speech. It has a 64
phoneme sound-capacity with four possible levels
of inflection (one should remember that a
phoneme is somewhat of an abstract concept of
being a basic sound from which words are made
up. Also, phonemes vary between languages and
dialects. When a manufacturer advertises a de~
vice with a capacity of 6L phonemes, this means
the device has 64 available sounds which mimic
some basic sounds in a dialect of a language;
usually not complete in coverage.)

Intercept Interface. At the start of this
project, some limitations were placed on the
interface hardware. One was that no modifica-
tions of any kind would be made of the calcula-
tor. In other words, access to the signals com-
ing from the calculator's keyboard could not be
made via "pick offs" on the circuit boards of
the calculator, but instead must be made in a
more civilized manner by attaching to some con-
nector already available on the outside of the
calculator. It was found that keyboard and dis-
play data could be obtained by subtle decoding
of the calculator's I/0 bus. The device which
will accomplish such decoding is known as the
Intercept Interface, which is presently being
created by NASA Engineer, Donald Billings. By
using a Hewlett-Packard built card assembly to
buffer calculator data bus lines, no direct
electrical connection will be made to the calcu-
lator from the microcomputer, so both units will
be isolated.

Triformations Braille Printer. Rounding
out the systems hardware completely, a Braille
printer from Triformations, Inc. allows limited
hardcopy use. Although the main emphasis in
this project is to demonstrate voice methods,
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some hardcopy capability is desirable (good
engineering practice). The BD-3 printer used
here, embosses Braille on a strip of paper
(Braille ticker tape!) Something should be men-
tioned about Braille: Contrary to popular be-
lief, not all visually handicapped people read
Braille. Many use low vision aids, which allow
them to read with what limited vision they have
left, by hand scanning a portable TV camera over
text which is viewed on a TV screen.

Software

The voice system has a large amount of
software, most of it is concerned with translat-
ing text strings into phonetic strings. There
are five major procedures:

Primative - I/0 Monitor (PRIM)
Pronunciation by Rule (RULE)
Statement Symbol Translator (SYMBOL)
. Display Parser (PARSE)
. Braille Code Converter (CODE)
The interaction among these procedures is illus-
trated, (see A-4). Before discussing this fig-
ure, the individual procedures should be des-
cribed.

PRIM. The Primative I/O Monitor functions
as a buffer to the I/O devices for the main pro-
cedures. All device-dependent code is present
here, so that communication between device and
system software is via queues. Housekeeping
functions, like device error detection/recovery,
are also PRIM's responsibilities. By organizing
the monitor this way, only one procedure must be
modified to allow for different hardware.

RULE.
pronunciation by rule was chosen as the method
to convert text into phonetic text, which 1s ™~

To allow for a flexible vocabulary,

more palatable to the voice synthesizer. Proce-
dure RULE will accomplish this by checking input
text for rules that might apply and performing
simple transformations on the text when the
given rule applies (done in real time). Some of
these transformations are quite simple, like
removing the silent "e" from the ends of words,
while others search for sinister medial vowels
(1ike the "e" in "houseboat"). A very readable
article by Allen L4J describes this process
well, including both successes and failures of
rule sets (a translation example from this paper
is reprinted, see A-5). Failures usually result
in comprehensible but unusually pronounced words
(not unlike the way a young child will pronounce
a new word). A study of a rule system, similar
to the one that will be used here, shows that it
produces intelligible speech on 97% of running
text [5). Considering that it is almost impos-
sible to maintain a dictionary of such scope
(also considering accessing such data in real
time), this is very reasonable performance.

This capability is achieved by approximately 800
rules. The number of rules is limited Dby

WEST COAST COMPUTER FAIRE

computer speed and memory
ceivable that with faster computers and larger
memory, performance could be increased.

In RULE no special processing is done that
is particular to English language. Only gener-
alized rules are used, allowing this system to
be used with other languages. To change langu-
ages, all that is required is: 1) a new set of
rules to express phonetic transcription of the
language, 2) new symbol translation table, and
3) new voice synthesizer (only needed if new
language has a different set of phonemes; in the
case of Spanish, a trilled r is needed, and in
German vowels like U are also required). It
would be possible to have a multilingual unit
where rule sets could be selected {probably by
means of a memory bank switch), provided the
voice synthesizer has a large enough selection
of phonemes.

storage; it is con-

SYMBOL. A particular problem with most
computer languages is that they contain unpro-
nounceable expressions, like ¥ / + > - etc.
which must be pronounced by use of & symbol dic-
tionary. This is the function of SYMBOL, to
pronounce programming language symbols. SYMBOL
will be large, due in part to the large number
of program symbols (approx. 200} the calculator
has (this includes program mnemonics, like prt
for print, gto for go to, cll for call, etc.)

In addition to pronouncing symbols, keyboard
echo feedback is accomplished by this module (to
avoid unnecessary duplication of code).

PARSE. 1In order to separate program
symbols from English text that is input to the
system, a simple LR parser is used to make the
distinction. PARSE does not blindly separate
symbols and English, but instead attempts to
determine if -the-given text should-be considered -
as English text, program symbols, or raw program
data, or a mixture of both. For example, we can
have the program symbol "prt" (meaning print),
or the English text "prt" (unpronounceable), or
program data "prt" (pea are tee). Only syntax
can decide (not always successfully though)
which one of these ways the symbols should be
treated.

CODE., A problem in using Braille printout
for computer use is that standard Braille does
not have all the special symbols required by
most programming languages. The disparity be-
tween standard Braille and ASCII character sets
is quite large. The differences are critical,
as a line of program code that might appear
(in say BASIC) as: P=X$3 + 20 ¥ X * Y + 3/Z
would have the Braille form of P=X3 + 20XY + 3Z;
which is totally different in meaning. There
are a few methods to deal with this difficulty;
the Braille character set can be expanded, or
the unrepresented characters can be expressed as
combinations of existing characters. Expanding
the Braille character set has the obvious prob-

60 BOX 1579, PALO ALTO CA 94302




lems associated with changing a widely used
standard (can you imagine all the trouble that
might occur if ASCII was extended from 7 to 9
Pbits/character?) Playing with such standards
shouldn't be done lightly, as it might have dis-
astrous consequences for general purpose use
(for example, making Braille much more difficult
to learn or use).

To avoid these problems, one can
standard code and use combinations of characters
to represent special characters, like using
"greater than" to represent ">". This has the
advantage of incorporating all character sets
that can be described (i.e. in APL, Wbecomes

"quad quote", but there is alfflnulty with an
arbitrary symbol like R!) A disadvantage is
that it now takes 8 - 10 characters to repre-
sent one symbol, which wouldn't be bad if it
wasn't for the fact that Braille takes up
four to six times as much space to print
as standard text. The compromise that has
been chosen is to use compressed mnemonics,
"Cln" for " "

With tne above adjustment in character
the Braille software allows listing of the
An

use the

like

sets,
calculator's program on the Braille printer.
ideal situation would be to list Braille and
typed versions simultaneously on the same
paper in adjacent columns. This would allow
easy discussion of the program between sighted
and unsighted programmers, as each could locate
errors or discuss critical sections without
shuffling around. Unfortunately, this takes
special hardware which is not available.

How It All Fits Together. The software
procedures described interact with each other
along the lines in the Program Interaction
Graph (see A-4). PRIM acts as a transparent
buffer to the other four procedures by perform-
ing I/0 functions to/from a device, from/to a
queue. PARSE reads the current display line
from a queue, and then separates the line
according to item type to either SYMBOL or RULE.
SYMBOL and RULE translate their text into
phonemes, which are left in the voice synthe-
sizer's queue. SYMBOL also examines individual
keypresses from the keyboard and echoes their
name with the synthesizer. Finally, CODE trans-
lates any printing requests into expanded
Braille format and outputs reformatted text to
the Braille printer.

Conclusion

A system has been described here which will

allow the visually handicapped to use an

HP 9825A desk-top calculator, by means of voice
communication from a VOTRAX voice synthesizer.
An LSI-11 microcomputer will translate program
and written text into phonetic text for the
synthesizer.

This translation is accomplished
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by using a set of rules. Echo feedback of the
calculator keyboard is also done by the micro-
computer., In addition to the voice system, a

Braille strip printer will te used to “rov1de

hardcopy on demand. The complete system will

be compact and portable.
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A-1 Text Accompanying Photo

"The HP 9825A Calculator is seen here in use.
The dark window near the top is a 32 character
LED-ASCII display. The VOTRAX VS-6 Voice
Synthesizer is the large box sitting on top of
the calculator. Voice pitch, speech rate and
volume are adjustable from the potentiometers
on the front of the case.”
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Operator (Keypresses)

SAMPLE SESSION EXAMPLE

Calculator Display

Note:

statements and uses EXECUTE for indicating end-of-

o on

SO+HMFO B

store

run

fetch
0

execute

d

ds

dsp

dsp "

dsp "h

dsp "he

dsp "hel
dsp "hell
dsp "hello
dsp "hello"

0: dsp "hello"

hello
feteh
feteh O

O: dsp "hello"

Voice Output

dee

es

pea

quote

hay-ch

ee

el

el

oh

quote

store step zero display
quote hello quote

run hello

fetch

Zero

execute step zero display
quote hello gquote

This HP9825 calculator uses STORE as an end-of-line button for program

A-3 Text Accompanying Photo

command.

"Here is a Digital Equipment Corp. LSI-11

microcomputer.

The five large chips on the

facing board contain the microprocessor and

its control store.

In the background can be

seen supporting power supplies and console \

teletype."
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7/0 Leviues Mair Procedures

i
yOTRAX VS-6 | RUTE
VOITE | |
SYNTEESIZER HONENE SPETCH SYNTHESIS

L : BY RULE

SYMBOL

STATEMENT SYMBCL
PRIM TRANSLATCR

INTERCEPT FRIMITIVE
INTERFACE 1 INPUT/OUTPUT
MONITOR

DISPLAY PARSE

LR PARSER

PRINTER CODE
BRATLLE
conz

CONVERTER

TRIFORMATIONS
MODEL BD-3
BRAILLE PRINTER

Reprinted from Allen Cbj.
CHROME #
CHROME #
KREMS #
KROM #

MYTHOLOGY #
MYTH + OLOGY #
MSATSSSSSN #
MAIAT +AALYAJE #
=weak vowel

sound
DISPASSIONATELY # (like "uh™)

DIS=PASSION +ATE +LY #
SSSSPES - #
DAIS=P"AASYN+YT+LE # =, +=pause

=plosive

LETTER-TO-SOUND CONVERSION
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DEVELOPMENT OF PROTOTYPE EQUIPMENT TO ENABLE
THE BLIND TO BE TELEPHONE OPERATORS

Susan Halle Phillips

Vocational Coordinator
Sensory Aids Foundation
399 Sherman Avenue, Suite 4
Palo Alto, California 94306
(415) 329-0430

This report describes the deve-
lopment of prototype equipment to inter-
face a blind telephone operator to a
TSPS console. Sensory Aids Foundation
contracted with Telesensory Systems Inc.
to build an interface utilizing voice
output to determine if a blind telephone
operator could perform the job of TSPS
operator within the performance require-
ments set by Pacific Telephone Company
for sighted operators.

The system has been successfully
tested and two persons have been placed
as operators within the Pacific Telephone
System. This project will now enable
blind people to be competitive for job
placement within the Bell Telephone
System.

Sensory Aids Foundation, a non-profit

. corporation, and the California Depart-
ment of Rehabilitation established a
program to develop new employment oppor-
tunities for job ready persons who are
blind. This jointly funded grant provides
for the expansion of entry level occupa-
tions through the application of sensory
aids and the development of new adaptive
devices. During the first two years of
the Innovation and Expansion Project, 63
blind and partially-sighted individuals
were placed in a variety of employment
settings.

One of the primary engineering pro-
Jects initiated by Sensory Aids Founda-
tion was the development of prototype
interface equipment for blind TSPS
(Traffic Service Position System) opera-
tors. The goal of this project was to
open the TSPS operator position with
Pacific Telephone Company to blind people
and to enable them to perform the job
competitively within the standards set
by the Telephone Company for sighted
employees. .

The TSPS is the specific console
used by Pacific Telephone Company long-
distance telephone operators to perform
their jobs. Renerally, the TSPS computer
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console handles all calls requiring operator
assistance, with the exception of "informa-
tion" number requests. Sensory Aids Founda-
tion contracted with Telesensory Systems Inc.,
Palo Alto, to build two prototypes of TSPS
console overlays which monitored nixie tubes
and 72 lighted indicator lamps and buttons
with voice output systems, utilizing the
Votrax Voice Synthesizer. The voice output
prototypes would give to the blind operator
audible information that a sighted operator
sees. This information is necessary for

the operator to recognize the state of the
console and to service customer requests.

System Design

The various elements of the TSPS Inter-
face System are illustrated in Figure A-1.
At the top of the figure is the TSPS console
itself. It consists of the nixie tube dis-
play and the operator control panel with
Tighted pushbuttons and indicators. The
overlay is placed directly over the operator
control panel. Each button on the overlay
is made from clear acrylic and is provided
with a photo-transister to sense if the button
is illuminated. Because the buttons are
transparent, the status of the console may
be determined by a sighted operator. This
is important both in training and when the
supervisor needs to assist in handling a call.

The Optical Sensing System is placed
into the recess formed by the housing of the
nixie tube display, as illustrated in Figure
A-2. This system is composed of 12 identical
modules each sensing a single nixie tube and
thus avoids the difficulties of mechanical
scanning. The system is both removable and
portable; an adjustment is provided to align
the Optical Sensing System to a particular
console.

The Interface/Control Electronics
Module accepts commands from the Operator
Control Box, processes data from the Optical
Sensing System and console overlay, and
generates suitable output to a Votrax Voice
Synthesizer. The output from the Votrax is
presented to the operator via a second ear-
phone. With this control box, the operator
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can manually interrogate various sec-
tions of the console or read the nixie
tube display, as illustrated in Figure
A-3. The entire system is carried on a
moveable cart with self-contained power
supply, as illustrated in Figure A-4.
The output of a 12 volt DC battery is
converted to 115 AC by an inverter and
provides enough power for at least 8
hours of continuous operation. A battery
charger is also provided so that the
entire system may be recharged when not
in use or at the end of the shift.

System Operation

As a call comes in to the TSPS con-
sole, appropriate lamps 1ight up which
signal the kind of call, class, and
charge. For a blind person to service
the incoming call, these visual cues
must be transformed into spoken words.

A step by step outline of the pro-
cess is as follows:

a) An incoming telephone call sti-
mulates a specific pattern of lamps to
light on the TSPS panel;

b) The computer recognizes which
lamps are 1it via photosensors on the
overlay;

¢) The computer determines which
words should be spoken;

d) The computer signals the Votrax
and speech begins.

Spoken words from the Votrax give
__the blind operator the cues which the
sighted operator obtains visually. These
cues are necessary to make the appro-
priate response to the customer.

Figure A-5 illustrates the TSPS
console position for two operators. The
right side has the interface prototype
equipment for the blind operator.

Additional Equipment Modification

A second important part of the pro-
ject was to modify the job station equip-
ment, other than the TSPS console, so
that it could be efficiently used by the
blind operator.

Operators must continually refer to
handwritten notes in order to remember
names when making person-to-person or

- collect calls, rate-and-route informa-
tion for overseas calls, and other infor-
mation used in filling out manual billing
tickets. A suitable device was needed
for blind telephone operators. Equip-
ment on site could not be noisy. A quiet,

sturdy, small brailler was purchased
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for this purpose from the Royal National
Institute for the Blind, London, England.
Information stored on plastic cards used by
all TSPS operators, including area codes,
operator codes, numbers of business offices,
repair services, and emergency numbers were
brailled in a format designed by the Sensory
Aids Foundation Staff. A template (Manock
Comprehensive Designs, Palo Alto) was designed
to enable the blind operator to complete the
Mark Sense computer ticket. The blind opera-
tor was then able to transfer information
from the braille notes to the billing ticket
by Tifting the template over the ticket and
using a Mark Sense pencil to mark appropriate
digits.

Summary

As a result of cooperative efforts
between the Sensory Aids Foundation, Tele-
sensory Systems Inc. and Pacific Telephone
Company, adaptive equipment and job station
modification to enable the blind to function
as TSPS console operators have been success-
fully developed. Using prototype console
overlays, two totally blind individuals have
been competitively placed as TSPS operators
in the Mountain View, California Pacific
Telephone System. With the success of this
pilot project, it is anticipated that the
TSPS interface equipment will permit the
blind to be hired as telephone operators
throughout the Bell System.
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Appendix
Figure A-1 Prototype TSPS Interface
Equipment - Schematic

Nixie Tube Display Reader

TSPS Console with Overlay, Nixie
Tube Reader and Control Box
TSPS Interface Equipment

TSPS Console Position

Figure A-2
Figure A-3

Figure A-4
Figure A-5
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TSPS CONSOLE

!
I
OPERATOR CONTROL | NIXIE TUBE
PANEL | DISPLAY
l

COMPLETE OVERLAY
WITH OPTICAL SENSING
PHOTOSENSORS SYSTEM
INTERFACE

e VOICE
CONTROL ELECTRONICS | —— Ea
AND POWER SYNTHESIZER

OPERATOR
CONTROL BOX

EARPHONE

Figure: A-1 Prototype TSPS Interface
Equipment - Schematic
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FIGURE A-2
Nixie Tube Display Reader

FIGURE A-3 . .
TSPS console with overlay, nixie tube reader & control box
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FIGURE A4
TSPS Interface equipment

FIGURE A-5
TSPS Console position
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MICROCOMPUTER-BASED SENSORY AIDS
FOR THE HANDICAPPED

J.S. Brugler, Ph.D.

Vice President Engineering
Telesensory Systems, Inc.
3408 Hillview Avenue

INTRODUCTION

Telesensory Systems, Inc. was formed in
order to provide high technology aids for the
handicapped, especially the blind. Nearly all
of our recent projects have utilized micro-
computer technology. The resultant programmable
aids provide performance and flexibility impos-
sible to achieve in the past. This paper gives
details of five of these devices - the SPEECH+
talking calculator for the blind, the TSPS tele-
phone console interface for a blind operator,
The Games Center for the blind, the Crib-0-Gram,
and the LSI Speech Synthesizer. Some of these
devices will also be demonstrated.

SPEECH+

The SPEECH+ is a hand held, battery op-

-~ erated calculator-developed expressiy for the
blind. Our research concluded that speech is
the most effective calculator display modality.
SPEECH+ therefore contains a built-in limited
vocabulary speech synthesizer which provides the
blind user with spoken speech verification of
every keystroke and readout of the display upon
command. The speech unit also indicates over-
flow and low battery conditions. In addition to
English, units speaking German, French, and
Arabic have been programmed.

Inside the unit, speech and control data
are stored on a single 16K bit mask-programmed
"ROM. A custom LSI microcontroller chip accepts
input commands and looks up the "recipe" for
speaking the desired word. It then constructs
the proper speech waveform from the stored
speech data. To reduce storage costs, a number
of unique encoding schemes are used. The key-
board scanning, calculating and speech code
generation are done by a TMS-1000 single-chip
microprocessor. The use of three large chips -
the custom microcontroller, the TMS-1000, and
the 16K ROM - plus a minimum of support cir-
cuitry enable a convenient portable unit to be
made available at reasonable cost.

Palo Alto, CA
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Since the speech data is stored in
ROM, vocabularies are easily changed. In
addition to foreign vocabularies, other
speech vocabularies can be generated. To

try other application besides the calculator,
a "general purpose" and an ASCII vocabulary
have been programmed. Potential applications
being explored include talking elevators,
ta}king meters, and talking computer termi-
nals.

TSPS

The telephone operator's job, being
auditory, has in the past been very well-
suited for the blind. The introduction of
computer-based "TSPS" telephone exchange
systems having many visual cues for the
operator has made the job impossible for a
blind person. TSI undertook a demonstra-

- tion project to develop -interface-equipment - —-

which would enable a blind TSPS operator to
compete successfully with a sighted TSPS
operator. .

The TSPS (Traffic Service Position
System) console used by the operator is a
special purpose computer terminal containing
over 80 pushbuttons and a 12-digit numeric
display. The hardware we developed is
based on a 6800 microcomputer. In operation,
special optoelectronic circuits read the
lighted pushbutton and numeric display
status information into the computer.
computer interprets the input data and
tells the blind operator, via synthesized
voice, the information necessary to handle
an incoming call. Once a call is serviced,
the computer continues to monitor the
console to verify that the call was completed
properly. Since a bewildering variety of
type of incoming calls are possible, the
details of the system operation are quite
complex, and have undergone considerable
evolution. An important feature is the
ability of the operator to interrogate
several important console parameters.

The
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Two demonstration systems were
built, and are being used every day by
two blind operators at Pacific Telephone.
Quantitative performance measures are
quite encouraging, and we are seeking
funding to production engineer the system
to enable widespread usage.

THE GAME CENTER

The availability of low-cost speech
technology, keyboards, and microcomputer
know-how prompted us to breadboard a set
of electronic games for the blind. The
breadboard unit met great success, so we
will soon be producing a limited number
of games units for use at agencies and
centers for the blind.

The unit's electronics consist of an
8800 processor board, a speech board, and
an analog board. Of the eight games,
seven are played on the keyboard. Three
games are modifications of well known
pastimes (Blackjack, Craps, Tic-Tac-Toe),
while four were specially invented (“Skeet-
Shoot", "Number Run", "Tug-O-War", and
the "Chain Game"). The eighth game,
called "Paddleball" is a simulated video
game involving hitting of a moving "ball"
heard via stereo earphones. The ball is
indicated spatially by a tone going up
and down in pitch and back and forth in
stereo separation. Scoring in "hits" is
done with the microcomputer until one of
two players wins.

CRIB-0-GRAM

Crib-0-Gram is the only project we
have undertaken outside the field of aids
for the blind. The Crib-0-Gram is a
screening device for potential hearing
loss in newborn babies. It is designed
to automatically test infants while in
the crib, and to flag those with a possible
hearing problem. Babies that fail the
test are then thoroughly rescreened at
six months of age.

The system is controlled by an 8080
microcomputer. A sensitive motion trans-
ducer is placed under the mattress, and a
small Toudspeaker mounted nearby. The
computer monitors the state of the baby's
activity, and when conditions are appro-
priate, turns on a 92db 2-4 kHz white
noise stimulus. The computer then deter-
mines through various algorithms whether
the baby reacted to the sound. In order
to insure statistical validity, a number
of tests are given over a 24-hour period,
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some of which are silent control tests. The
computer keeps score and, at the completion of

the test sequence, gives a pass or fail indica-
tion.

The Crib-0-Gram System is presentiy under-
going evaluation at the Stanford Hospital. The
hardware is designed, and various software
improvements are continually being added.

Workers 1in the field agree that early detection

of hearing loss is vital. The Crib-0-Gram, by
using microcomputer technology, will make
available an automatic, low cost hearing screening
technique so that remedial steps can be initiated
at an early age.

LSI SPEECH SYNTHESIS

The human vocal tract can be electrically
simulated by means of series and parallel
resonators driven by periodic and noise excita-
tions. Their parameters (center frequency,
band width, and gain) are varied as a function
of time to create the various speech sounds,
This technique is called "Formant Synthesis".
In contrast to the techniques described in
section I, an unlimited vocabulary of utter-
ances can be generated. Nearly all experi-
mental and commercial formant synthesizers have
utilized analog circuitrv. This circuitry is
prone to tolerance and drift problems and is
relatively costly and inflexible.

To circumvent the inherent problems of an
analog synthesizer, we have simulated and
breadboarded an all-digital formant synthesizer
suitable for ultimate fabrication in LSI form.
This unit is programmable, so can implement a
variety of high performance synthesizer struc-
tures. If production volumes can be high
enough, this synthesizer promises to be suffi-
ciently inexpensive to find wide application in
aids for the blind.

CONCLUSION

Through the use of silicon technology,
Telesensory Systems, Inc. has developed a
number of devices for the handicapped. Appli-
cations range from serious, such as vocational
aid and hearing screening, to recreational
games. Such devices can help erase the some-
what artificial distinction between the handi-
capped and the "normal". Our ideas for further
applications always exceed the available
resources and time.
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AMBITIOUS GAMES FOR SMALL COMPUTERS

Larry Tesler, Xerox Palo Alto Research Center

Abstract

Some of the more challenging games that can be played
on a computer require more memory than is available on
today's personal systems. The paper presents various
simple encoding techniques that were used by the author
and a friend to implement an interesting subset of a
complex game on an 8 kilobyte microcomputer.

Beyond PONG

Given the choice of a PONG machine and a pool table, I

will always choose the Jatter. Hand-eye coordination is
somehow more challenging when the whole body is
involved. Moreover, the feel of the cue and the sounds
of balls colliding and dropping into pockets appeal to my
senses more than little plastic levers and electronic beeps.

On the other hand, when T am home and seeking a bit of
solitary escape, | no longer turn to Solitaire, crossword
puzzles, TV, or even (unfortunately) reading. I switch on
the computer and play a game like Roger Chaffee's
version of Adventure.

YOU'RE IN THE ASHRAM. THE SMELL OF
INCENSE IS HEAVY HERE, AND ALL
DIRECTIONS SEEM THE SAME.

WHICH WAY? S

YOU'RE IN THE LAND OF XANADU. BELOW
YOU ALF THE SACRED RIVER RUNS
THROUGH MEASURELESS CAVERNS DOWN
TO A SUNLESS SEA.

WHICH WAY? D

YOU CAN'T GO IN THAT DIRECTION.

WHICH WAY? W

IN A DARK TUNNEL, YOU STUMBLE OVER A
HARD OBJECT. IT FEELS LIKE A METALLIC
CHEST, AND THERE SEEMS TO BE A LATCH.
THE LATCH IS RUSTY, BUT THERE [S NO
LOCK IN EVIDENCE.

DO YOU WANT TO OPEN THE CHEST?

An hour or two later, after a hundred or more moves, |
have explored all the twenty-five rooms of the labyrinth,
found the treasure, lost it, found it again, and escaped
safely to the surface with my skin intact.
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Hungry for
Commodore PET were an $800,000 megaputer, so | could
play Will Crowther's original Adventure, MIT's Dungeons,
and other complex games based on the Dungeons and

greater challenge, 1 wish my $800

Dragons theme. With those versions, | could create

labyrinths for others to explore, with a hundred roomis,
multiple treasures, assorted demons, magical objects, and
elements yet to be conceived. The adventurer could give
commands in stylistic English phrases ("take jewels",
"throw rock”) instead of by answering multiple-choice
questions.

So I study ROGER'S little BASIC program, marvelling at
how he fit even thirty flowery descriptions of rooms and
predicaments into the tiny computer, along with their
interconnection toplogy, not to mention a selection of
tasty algorithms for deception, subterfuge, and final
reward.

The choice: buy more memory? a floppy disk? or... learn
sardine canning... ' .

A clear case of Aladdin economics. Stuff the genie into
a bottle.

more bits per byte

More bits per byte! No, that won't work.

SQUEFZINGOUTSPACE

The ALTAIR BASIC manual has bunches of techniques
for reducing program space. These work in other
BASICs, too, including the PET's. Eliminate REMarks
(ugh), eliminate blank spaces (retch), use the same
variable for several purposes (horrors).

Such travesties against good programming technique can
only be justified in life-and-death situations. But what
could be a greater emergency? The goblins must be
overcome! _

Rogzr has already squeezed the program quite a lot. I can
obtain another couple of hundred bytes by making the
program completely illegible. (Please look the other way,
this is not for children to see.)
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' Encoding the Graph

Hmmm. The topology of the labyrinth is specified in
DATA statements. Roger has already saved a lot of space
by encoding some predicaments ("you can't go in that
direction”, "the giant is here, you'll have to get out") as if
they were rooms. They are marked specially to indicate
that after the description is printed the adventurer should
be forced into a real room, either the one from whence
he came or some other chosen partly at random or partly
based on possession of the treasure.

Each room (and predicament) lists its own number and
six connection numbers, one for each of North, East, Up,
Down, West, and South. The connection number is
either 0 to mean no exit in that direction, or the
identification of another room. A typical example:

9020 DATA 2,4,0,23,29,0,0

There are more than sixty distinct characters available on
the machine (actually, 128), so why not assign a character
to each room? Then the connectivity specification is
simply:

9020 DATA BD#X]##

The D signifies a connection to room D, the # means no
exit. In general, A-Z represent 26 of the rooms, and then
on beyond Zebra for the rest.

This seems to cut 15 characters of DATA to 7. But
actually, it is better than that, because these DATA
statements have o be READ. When a number is read
into an integer array, it is converted to binary and stored
as a sixteen bit quantity in two bytes. So the array
storage for six numbers takes 12 bytes of storage for each
room, in addition to the 15 in the DATA statement (for
a total of 27). But when a string is read into an array in
this BASIC, it takes only 3 additional bytes of storage
(for a total of 10), because the characters of the string
are not copied: two of the three bytes are an address into

the DATA statement itself and the third byte is the string

dengthe oo

It takes about the same size program to deal with either
representation, so we have made a net gain of 17 bytes
per room, or 510 bytes for 30 rooms. Enough for some
dwarves, elves, and magic rings no doubt.

YIOU9s$?

The connectivity specification is not the bulk of the data
base describing the labyrinth. Most of it consists of
those flowery text descriptions:

9020 DATA 2,4,0,23,29,0,0,"YOU'RE IN A
NARROW EAST WEST TUNNEL, WITH AN OPENING
ON THE NORTH SIDE TO A WIDE PASSAGE.
WATCH OUT FOR GOBLINS!"

Though flowery, the vocabulary is rather repetitive. The
word ‘gnome’ is used in two different rooms, 'there' is
mentioned in 7 places, 'to' in 9, 'in' in 13, and the word
'the’ occurs no less than 33 times. Altogether, there are
181 different words, punctuation marks, and word-
endings (no, 1 didn't count them, the computer did). The
sixty "words" used more than once account for 60% of
the text. Let's assign the following one-character
abbreviations to the most common English words and
endings employed in modern dungeons:
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R=a, B=Deller, L=can, U=direction, kt=-ed, t=tor,
G=go, H=here, I=l, J=giant, K=cavern, L=little,
M=message, N=not, 0=0f, P=zpit, R=rock, S=-s, T=the,
V=room, W=wide, X=Bilbo, Y=you, a=above, b=but,
c=climb, d=-d, e=-es, g=get, h=tight, i=in,
j=guillotine, 1=ledge, n=on, o=opening, r=are, s=is,
t=to, v=chamber, w=was, x=gnome, y=you're, &=and,
\=through, *=there, «=back

We can also make some of the PET graphic characters
stand for words: L for 'north’; a high-up line for 'top’
and a low-down line for 'down’; something that looks
thick and vertical for 'wall’; and so forth. Over 120
words can be represented this way in PET BASIC.
Although some BASICs only provide 60 to 100 distinct
characters, one can always encode about 250 words with
an 8-bit code processed in machine language. Anyway,
sixty words does seem to be a sufficient vocabulary of
repeated words. The above room description boils down
to this:

9020DATA"BD#X ]##y iAGNARROWH—G6TUNNEL , 4W
ITH2ANonT_L4SIDEtAW7PASSAGE . 5SWATCH30UTF7
GOBLINS!

Don't tell me -- that's the kind of stuff your teletype
always comes out with! Good; you already know how to
read it. After DATA" are the seven characters that we
discussed earlier for the connectivity description; might
as well combine them with the string used for the text to
save a little more space. Next comes the text: y=you're,
i=zin, A=a, and then BNARROW -- which indicates a six
character word not in the vocabulary -- then l—=east, and
so forth.

Various conventions too detailed for this paper are used
in both the vocabulary and the descriptions to control the
insertion of spaces between words and the formatting of
lines of print. The printing subroutine runs a lot slower
than it used to, but it is still faster than a person can
read.

Compressing the room descriptions saves a lot of space;
but the printing subroutine gets longer and the

.vocabulary has to be stored. .The net gain is.about 400._. ..

bytes. Compressing other messages printed by the
program should save another hundred bytes.

The Bottom Line

A combination of the above techniques frees over 1000
bytes of storage. A new room whose description shares a
lot of the existing vocabulary can be added at a cost of

only 40 or 50 bytes, so we could add another 20 or more
rooms.

I would rather add new twists that are available in bigger
implementations, such as objects that are found in rooms
and that can be taken along with the adventurer. No
more than two objects could be carried at a time. Some
objects would be valueless, others would be valuable to
take out of the labyrinth at the end of the game. Still
other objects would be useful during exploration, each to
surmount a specific obstacle that can be encountered. To
determine the properties of the objects, the adventurer
would have to experiment and take risks.

Fducational Applications

Although Adventure is cast as a one-plaver game, it
should be possible to have several people collaborate.
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One way to collaborate is to sit at the terminal together
planning moves and developing a model of the labyrinth.
Another way is to explore at different times, all agreeing
lo end up in a particular room after the next session.
Those who make it back there may then compare notes
and try to benefit from the experiences of others.

With more memory, a multi-discipline educational game
with a similar structure could be concocted by running
several simulations in parallel. For example, the
adventurer is an international trader. His or her business
partner (a simulated being) is off on a voyage but never
remembers to write home. The partner must be found
within a year or the business will be taken over by a
sinister cartel, or the IRS, or something like that.

WEST COAST COMPUTER FAIRE

The adventurer travels through foreign lands seeking
clues. He must buy and sell commodities in order to
finance the trip. The supply and demand of commodities
is affected by location, time of year, and random factors
such as weather and luck. As time runs out, the

opposition erects barriers to progress, and so forth,

Such a game would be an earth-bound blend of
Adventure and the game Star Trader (see the book What
to do After You Hit Return). [t would teach some things
about geography and economics, as well as problem-
solving, strategy, and planning.

But all this must wait for cheaper data storage. In the

meantime, if you'll excuse me, a minotaur is waiting for
me in the family room.
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Ternis R. Allison, Consultant,
lee Boevel,

INTROLUCTION

Few treres are more cemmor in litera-
ture thar that of the egic adventure.
Ir these tales the herc, through the
exercise of bhis wit ard brawn, Over-
comss all to achieve Lis objective te
it treasure, romarce, power, or whit-
ever. Even the pulp rovel, row an al-
most extinct beast, owes much of 1tc
structure and character to the tradi-
tioral etic.

The traditional efiec and its modern

imitators grcvide rich paradigms fer
corguter games. Such games are far
more interesting ard 0cmp§111ng than

the usval “guess the nurter  or zar
the <cspaceship fare. Scme proto-epic
games already exist, but the most ful-
17 ellatcrated games gpresent implemen-
tatior difficulties of considerable
subtstance. In this pager, and in an
earlier pager putlisted ir the
MarchsApril issue cf People’s
Comruters we explore sore of the pos-
sibilities arnd groblems of this class

of fantasy gares.

GAMES AS RECREATICN

The futurists ard pundits of the fper-
rounced that the primary use of com-
puters in the not tcc distant future
will te recreational. Or the other
hand, I find rearly all computer and
videc games boring. I can’t get my-
self 1interested for 1long periods of
time.

The first game which got my attention
long enough tc be become ertranced was
Adverture. It was written by W.
Crouther (now at Xercx PARC) ard modi-
fied ty Tor woods at Starford Al. It
is written in FORTRAN and has migrated

to many wmachinpes. A wmuch extended
game based upon the same general
jdeas, but with significart imgrove-

ments, has teen written by Tim Ander-
son, Farc Plank, Eruce Dariels, and
Iave Letling at MIT; it 1is called

Dungeons and is written in a dialect
of LISP out of CONNIVER and PLANNER
called MICI (Muddle). Poth programs
are rather .large: Tungeons reguires
about 120,020 words (3€ ©dbits) on @
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FFIC COMFUTER GAMES: SCME SFECULATTONS

Starford University,

76

Menlo Park, CA ©94Y25
Stanford, Ca ¢4385

PLP-1¢; Adventure is somewhat smaller.
Neither 1is really microcomputer or
persoral computer fare at this peirnt.

The sirern-like charr of Adventure is
not lirited to corputer folk. The oth-
er evening I was dining ir a 1local
Chinese restaurant &nd chanced to
overhear a table of college womer dis-
cussing just how one get arourd the
green snake, cre cf the Adverture haz-
zards. And then there is the story of
onec of my collegues who intrecduced his
pscholcegy graduate student neighlor to
the game one evening; the reighbor was
so engag=d that he wert cut, bought a
terminral, and spert the next Iwo weess
playing Adventure,

#hy is Advertvre fun to play. Eecause
it is an adventure! The essernce cf
the game is exploration of an unknown

and clever fartasy world with hazzards
and treacure. Foth Adventnre ard
Durgeor use a cave as & nriverse; a
cave in which treasure ard adverture
can be fourd. BRBcth games owe much to
Lungeons and Dragons.

GAME DESIGN
what makes a game fur? interestircg?

compelling? The arswers are most cer-
tainly bdburried in the psyche ard the

thpvtfﬂﬁ““wOTT&“'ﬂ&}““h&*fﬂ&ﬁ-mmm¥ﬂlk-traditicn«mcfvihﬁ.pliyELL”HQHEYQ?,_"”

there are certain elemerts which might
be concidered characteristic. First,
passive games are nct really interest-

irng. The player must be actively irn-
volved. Second, there must be sore
fantasy fulfillment; the game must

fulfill some basic psychological reed,
however obligquely. Third, there must
be some kind of contest and resoluticr
of the associated conflict. Fourtk,
there wmust be some reascnable mix cf
discovery and irventlor. Games ard
puzzles with one solutior are nf in-

terest orly once. Chess, with 1ts
complexity, is a gare of continueal
discovery ard irvention. This leads

to a fifth criterion, complexity. The
game must be adequately complex thet
it carnot be known, yet not so complex
as to appear to be random. There must
be some higher rules at work, tut rot
all motivatiorns ard manifestations cf
the rules shtould te clear. Lastly,
there must be variety; boredom feeds
orn repitition. That is not to say that
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one should exclude ritual (ir the
sense of folk conventicrs). These are
tne fundamental fabric cof krnowledge ty

which the gare maker and the came
player communicates.
A game which follows the epic tragi-

tiors draws upern a lorg proven strus-
ture. Wwhile no real comguter game
will be textbook perfect, one can ex-

pect that some elements cf the tradi-
tional form will te preserved. The
central figure, the bero the player is
idertified with, is of naticnal,
international, or galactic importance.
The setting of the gawe matches the
importance of the hero. The hero must
perform some difficult deeds ir his
cuest. Gods, daerons, or other surer-
natvrel Ybeings wmay take an active
part. The gare starts in media res
with the r[player discovering what is
hagpenirg as the game progresses.

Everycne car make a catalog of fartasy
universes which are pctertial environ-
ments for such games. Ore cap extract
the wuniverse 'of dargercus characters
ard the Oriental Fiapress from the
classic spy thriller, the starships
and strange beirgs of the star explor-
er, the world and Lonor code of the
knights of the round table, and on and
on. :

SCRIFTING & GAME

Scripting rather thar gprogramming is
important. The creatior of an epic is
ar ercrmcusly corrlex task. 4nd there
is nc¢ informatior atcut to indicate
that crrceranrers are particularly

skilled at doing it. The creation of
@ Dew gare shculd te supported with
special purpose tcols so that it is

available to ron-gregranmners.

The game authcr must rake a pumber of

choices. He must decide upon the game
universe, establisk &1l its natural
laws, and create all the vpersona

(players, huran or otherwise) who po-
pulate the universe. He must also
create thcse inanimate otjects of spe-
cial significance to the game and dis-
tritute them throughcut the universe.
It is rather 1ike playinre god.

The real jpretlem here is the ron-
deterministic nature of the game. A1l
perscna right not appear in ary givern
game; the ending is dependent upcr how
the player responds. It is a bit like
a 1TV script for which all middles anéd
endings are worked out.
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Persora are the most Jdifficult prot-
lem. Good games need interestirg ir—
teresting characsters to popnlate thneir
world, both good and evil. Not only
this, persora must te able te communi-
cate with the player ir reasonable na-
tural languge, and the response rust
te terpered by the character e¢f the
persona. While mary characters are
rather shallow, others must have sope
psychological depth.

A most important persocpna i< the alter
€46 cof the player himself. It per-
forms his commards ard otserves the

game universe as his eyes, ears, ard
nose. The alter ego may also have the
role of conscience, arguirg with the

player when hLe triszs to dg
out of character.

something

CONFLICTS AND RESOIUTION

Swordplay at a termiral is rot really
practial. Yet ever the nen-violest
gares need to have scre way of resolv—
ing cortests. One way is to replace
the actual contest bty ar idealized
one. When the dlack kright encounters
the white knight, he need rot actually
Joust; a quick game of tic-tac-toe
might te equally as fulfilling. Other
possibilities come to mind: a simple
trivia quiz, an factual quiz, a rié-
dle, or a simple numter gare.

TCWAPDS AN ELECTRIC NCVEL

Perhaps the most exciting possibility
is what ore might call the Electric
_____ It is 1like today’s escapist
literature, except it is a participa-
tery experience. You, the player, are
the hero. You dor’t exgerience tre
hero’s decisions vicariously; you make
them, We have not really yet solved
the problems of sex and violence in
such literature, but it dces make ir-
teresting speculation.

With the advent of 1inexpensive voice
recogrnitior and synthecis urnits, gocd
color graphics, and very very large
mass storage- devices, the possibili-
ties are even better.
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Special "Laboratory" Session on Computer Games:

CRFATE YOUR OWN (COMPUTER) GAME
An Experience in Synectic Synergistic Sercndipity

Ted M. Kahn

Depariment of Psychology, University of California, Berkeley
and

XEROX Palo Alto Research Center

This session will be held back-to-back with the session on
Extraordinary Computer Games. lts purpose is to allow
small groups of participants to generate and elaborate new
ideas for various types of computer games in an
"experience it" environment,  without worrying about
problems and details of specific computer implementations.
The session will be semi-structured through the use of
META-GAME®, a game which I have devised for generating
new game ideas through cross-fertilization between
different fields. In addition, various types of typical game
pieces and boards will provide stimulus material for game
structures. The entire creation process will proceed as an
exercise in group problem-solving, one which will allow
people to meet and cooperate with each other in an
enjoyable atmosphere while working on a common task.

The session will emphasize three important aspects in the
creation of original games, computer-based or otherwise.

Moshe D. Caspi
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- synectic - Many interesting ideas come as a result of
making connections between fields which may seem to be
unrelated (e.g., "Think of a game which involves principles
of physics and fantasy.”);

- synergistic - "A game is more than just the sum of its
component parts";

- serendipitous - One often discovers unexpected
results or treasures while originally looking for something
entirely different. This is probably the most exciting and
unpredictable part of creative activity.

This session will be of special interest to teachers and
parents who are interested in helping children of all ages to
develop their own ideas, and to game programmers and
non-programmers alike.
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PSYCHOLOGICAL TESTS WITH VIDEO GAMES
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Abstract

Because of the similarity between video
game logic and psychological testing logic, a
microcomputer designed to facilitate game pro-
gramming can also be used to present stimuli,
acquire responses, and perform the preliminary
data reduction required for the testing of per-
ceptual and cognitive abilities. The capabili-
ties of a game system--the RCA 1802 COSMAC Video
Interface Processor--will be discussed and dem-—
onstrated with three tests. The game-playing
microcomputer is an effective tester when the
display format requires flexible graphics and
little alphanumeric information. Low cost,
portability, and ease of programming are its
principal advantages. Demonstration tests in-
clude an auditory discrimination test, a Stern-
berg memory test, and a water jar problem-solv-
ing test.

The Testing System

A minimal system for presenting psycho-
logical test items must have graphics and audi-
tory display capability, two or more response
keys, the ability to measure keypress latencies
to the nearest hundredth of a second, and it
must be programmable. From among the many
microprocessors shown at the first Computer
Faire, we chose the RCA COSMAC VIP because it
satisfied these requirements, was cheap at $275,
and was locally available off the shelf. We
were also attracted to the COSMAC because an in-
terpretive language was was provided for game
programming, RAM was expandable to 4 K bytes on
board, the I/O port provided a convenient audio
channel, and its low power consumption and small
size made it appropriately portable.

CHIP-8, the interpreter, turned out to be
surprisingly good for programming tests, because
it was optimized for games. It takes up a lit-
tle over 512 bytes of RAM and provides a timer
and a random number generator as well as display
control and keypad response collection. The two
byte instructions look like machine code, but
are easy to learn and use. For example, 8XYk
sets variable X to the sum of varibles X and Y.
The instruction DXYN displays the N byte pattern
at coordinates specified by variables X and Y.
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CHIP-8 and machine language subroutine calls are
provided for.

We have had to write three machine lan-
guage procedures to have psychological testing
capability: MOVE, which permits the computation
of one display while actually displaying an-
other; DUMP, which outputs a waveform in RAM to
the D/A converter at a sampling rate of 10 KHz;
and REACT, which measures reaction time with
2 msec precision during visual display.

Pszcho—Logic

Psychological tests record a sample of
behavior in response to a standard test item.
These items might take the form of questions,
perceptual displays, or objects to be manipu-
lated. The behavior is usually reduced to a
number indicating a response category and/or
the time elapsed between item presentation and
At the end of the test, summary
scores are computed. Video games like PONG have
the same logical structure. The test item is a
moving dot on the playing field, the response is
the turn of the paddle knob, and the score is
one against you if you fail to deflect the dot.

response.

Demonstrations
s rallOons

Psychoacoustic discrimination. Two audi-
tory waveforms are stored in RAM and are pre-
sented in random order. The subject's task is
to indicate which is the target sound (or the
louder or higher in pitch, etc.). Performance
is scored by the number of correct responses.

Memory scanning. A set of from one to
six digits is displayed for a few seconds.
subject decides whether or not a subsequent
probe digit is a member of the set and responds
as rapidly as possible. 1In this situation, the
reaction time is a linear function of the number
of items in the remembered set. The slope of
this function is a measure of the access time of
short~term memory.

Water jar problem. The capacity and cur-
rent contents of one full jar and two empty jars
are displayed. The subject's task is to pour
half the contents of the first jar into the sec-
ond. The total number of pours measures prob-
lem solving ability.

The
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COMPUTER ART AND ART RELATED APPLICATIONS IN COMPUTER GRAPHICS:
A HISTORICAL PERSPECTIVE AND PROJECTED POSSIBILITIES

Assistant Professor, School of Architecture and Allied Arts

This slide lecture presents a historical review of computer
art and art related applications in computer graphics from
Most of the images shown were generated

1945 to the present.

University of Oregon

by large- computer systems and involved extensive programming.
Those aspects which seem most promising for development by
individuals or community centers with small computers are in-

dicated.

The research, educational, recreational and economic

possibilities inherent in using computer systems for art-
related tasks are briefly discussed relative to the images

shown.

Because the conference presentation depends so heavily

on slides, the paper presented here represents only a summary

of ideas.
material.

Introduction

Flectronic technology, particularly the inform-
ation processing devices known as computers
have the potential of affecting many areas

of our lives. One of these areas is the arts.
Because the computer can generate and man-—
ipulate visual images, I believe it offers
promise for use by artists, art educators,

art historians, aestheticians, and museolo-
gists.

The pursuit of this line of thought led to a
collection of slides depicting the images and
objects which have been generated with the aid
of computers from 1945 to the present. A re-
view, analysis, and projections based on this
collection comprise the main body of this pre-
sentation.

Computer science is a unique discipline in
that it has the potential for application in
many fields in which the computer scientist

is not necessarily knowlegable. Conversely
the individual knowlegable in a particular
subject matter area is not necessarily aware
of potential computer applications. I

pelieve these two statements are especially
true in relation to the arts as a subject
matter area. Part of the reason for this

may be the anti-technological stance which

has been fashionable in the arts in recent
years. As individuals in the arts become aware
that human values and considered choices

based on these values can direct computers,
+hat computers may be used to individualize
images, objects and events; and that com-
puters need not be used in the mode of mechan-
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It also includes a resource list of bibliographic

iecal technology, perhaps a greater willing-
ness to utilize the potential of computers for
art applications may develop.(20, 21)

Computer Graphics: A Historical Review

In the 1940's analogue computers were used
to generate the earliest computer graphics
which were displayed on cathode ray oscil-
loscopes. Ben F. Lapofsky and Herbert W.
Franke were among the pioneers in creating
these images.(4) An early version of a
plotting device was the Henry Drawing Compu-
ter, a modified analogue computer designed
by D.P. Henry. It produced drawings by
combinations of pen movements and table move-
ments. (15)

Later digital computers were used to generate
computer graphics using line printers, plot-
ters and cathode ray tubes as the most common
output devices. Systems combining analogue
and digital components were also used to
produce graphics. Most of these images were
produced by engineers and technicians for
practical purposes. For example, William
Fettner's program created the image of a man
with 7 movable components using data repre-
senting the 50th percentile pilot of the U.
s. Airforce.(l4) However, some digital

images were produced for purely aesthetic
purposes, such as "Stained Glass Windows",

a graphic designed by the Army Ballistics
Research Lab.(15)

Some of the most effective of the graphics,
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with purely aesthetic intent, were created Sykora, Giorgioni, Bonacic, Leavitt, Bangert

by the Computer Technique Group of Japan. and others are now using the computer as a de-
In any report of computer graphics the work signing or executing device in their work.(1l, 2,
of this group is certain to be included. 9, 16) However, some recent technical develop-
Their transformations of photographs of ments have not been widely incorporated in the
President Kennedy and their interpolations work of artists and remain evident mainly in the
such as "Running Cola Becomes Africa" may province of graphics created by technicians
be considered classic examples of computer for experimental and practical purposes. Ex-
art from this period. All of the indi- amples of these are three dimensional shaded
viduals comprising this group were engineers color graphics and computer generated holo-
and programmers. It contained no profession- grams. (3, 13)
al artists. At that time very few people
with extensive art training were working to Art Applications and Projections
create computer generated images. One of
these was Charles Csuri and another was The attitudes and working approaches of con-
Robert Mallary. Well known examples of temporary artists using the computer to assist
their work include Csuri's film "Hummingbirds", them in designing and/or executing their work
his drawing "Sine Curve Man", as well as vary considerably. An examination of recent
Mallery's machine tooled sculptures created issues of Leonardo or of Ruth Leavitt's recent
with the program TRAN2.(L4, 9, 11, 15) book, Artist and Computer, will reveal the
variety of conceptual modes and technical
Some of the techniques used to create methodologies which computer artists are using
computer art introduced a characteristic in their work.
look to this medium. For example, geometric
graphics generated using equations to de- Their projected applications are even more
scribe the form have been used extensively. revealing. For example, Tony Longson pro-
Some of these closely emulate the Op Art which poses to use the computer to help him create
was popular during the 1960's. Many of forms to better understand visual perception
these graphics make good use of the com- and the creative process. Edward Ihnatowicz
puter's ability to do exact and repetitious wishes to create responsive Kinetic sculptures
tasks more easily than humans. Another in an exploration of the field of artificial
technique resulting in a different type of intelligence. He proposes to use these to
form, was the use of stochasticism or random- understand cognition through studying the behav-
ization in a portion of the program. Similarly,ior of these artificial systems which would be
some environmental variable such as movement capable of simulating natural behavior. Charles
or sound was recorded electronically and Csuri suggests that artiss could manipulate
included in the image determining data visual displays of statistical data to express
within a program. These two techniques artistic view of reality relating to social
illustrate the computer capability to generate problems. In a more conventional vein Patsy
many forms using one program which includes Scala talks of creating visual poetry with
variables which may be altered at randem - - - computer-generated- video images and Herbert
or with a preconceived pattern in mind.(2, W. Frank expresses interest in creating graphic
L, 1k, 15) music. Still other artists continue in an
even more conventional mode. They retain the
Another type of form was introduced with traditional mode of creating art works while

the technology which permitted digitizing of using the computer to assist them in design.(9)
the scanned image of a photograph or object

in terms of a value scale. This technique Some aestheticians are using the computer to
alone and combined with interpolation led to generate images for use in testing the

the production of a variety of images char- aesthetic response. Some are using computers
acteristic of computer art.(4, 8) The to analyze statistical data gathered from

use of interpolation between drawn images was subject's responses to conventional art works.
also common. Usually these drawn images were Computer simulations of the style of non-

introduced to the computer using a light computer art such as that of Mondrian, Klee,
pen as the input device. (L, 15) and Hartung suggest experiments to determine
what factors are most relevant in determining
In 1968 the first major international certain types of responses to works of art.(lk,
exhibition of computer art was held in 5)
London. It was called Cybernetic Serendipity.
Following this exhibit, more artists began Museologists and art historians began to tap the
to take an interest in the computer as a potential of the computer for information re-
creative medium.(15) Currently computer art trieval and analysis to aid them in studying
has taken on an international flavor with classifying and caring for museum collections.
work going on simultaneously in many countries The programs created by the Museum Information
of the world. Artists such as Barbadillo, Network have been used by museums for these
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purposes. (T, 19)

A few art educators are interested in using
computers for instructional and research
purposes. Guy Hubbard has attempted to
use computers in programmed instruction.
Thomas Linehan has used computers to help /
students understand their own preference
styles. I have suggested research appli- /
cations for three computer capabilities: /
graphics, statistics and information re- /
trieval.(6, 10) /

/

/
While a few individuals within the inter~
national art community are beginning to/sense
the potential the computer has for trams-
forming the conventional views about art, I
do not believe anyone has projected séme of
the possible effects this could have/on
society. For example, what new choibes
are available to people for use in education,
recreation or economic use because of )
art-related computer applications. Whose
responsibility is it to cultivate an aware-
ness of these choices and share it with
others? Exploring one illustration may
illuminate the nature of these choices.

Moles in his essay "Art, Cybernetics and
the Supermarket" noted the potential of
introducing a variable into the computer
program which results in the mégnetic tape
which runs machine tools for/industry.
By these means every item to/come from the
assembly line could vary slightly, thus
giving the customer more cloice. The
variability would probably be cosmetic in
nature, not essentially altering the
product purpose or functional form. Thus
the choice would be regarded as an ex-
ample of marginal différentiation.(14)

/

However systems suc ’as that used by

Mallary for producing sculptures, Lourie

for producing weavings, or the Synthavision
System discussed by Elin could be used by
individuals wishing to design and create
artifacts such ds furniture, fabrics,

and prints whiqh would be unique and suitable
to their special requirements. If canned
programs with many optional branches were
used to assist individuals in utilizing this
type of system very little computing knowledge
would be necessary. Because machine tools
operating from magnetic tape output could
produce the artifacts, little knowledge of
craft processes would be necessary.(T, 9,

18)

As computers are presently used in auto-
mation they serve mechanical technology
which demands exact repetition for mass
production and is best served by heavy

centralization of industry. Small systems
for individually designed and produced
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ar%ifacts would not be bound by the same

cbnsiderations. With the dropping cost of

iémall computers and their growing versa-

tility it appears that many homes will have
several single purpose microprocessors for
games or for the control of appliances. This
approach to computer application is in the
style of mass production and allows the con-
sumer little control over the product ex-
cept by veto of non-purchase. A small
computer which allowed the customer to pro-
gram many essential aspects of the design

of his environment would be more in keeping
with the idea that human choice is important
in directing the use of computers.

As Duane Palyka notes, "...the versatility

of this medium is its ability to handle

quite varying devices for input or output.
All that is required is that each device have
a wire or two containing electrical current
which varies within a certain prescribed
range. The rest is within the imagination
of the individual designing the device."(9)
To date drawings, paintings, prints, weavings,
and sculptures, have been created using
specialized output devices. Responsive
kinetic sculptures and responsive environments
have also been created existing as output
devices. That the public at large could
manipulate canned programs and create their
own programs to operate such devices does not
seem to me to be an unreasonable pessibility.
In this way computers could allow them to
regain control of the artifacts and environ-
ments which surround them daily. This seems
to me an exciting prospect which has impli-
cations for education, recreation, and our
economic system.
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Abstract

It does not necessary follow that high
quality music synthesizes requires complex hard-
ware. This paper discusses the hardware and
software design of a synthesizer which utilizes
a standard microprocessor and a relatively
simple synthesizer card. Basically the synthe-
sizer hardware is used for the high speed data
processing and the software is used for the
slower data manipulations. The hardware allows
the microprocessor to control the frequency and
amplitude of up to 32 .tonal channels. Ampli-
tude control provides the means of producing
attack and decay envelopes and frequency con-
trol provides the means of producing frequency
modulation of the output waveform. The syn-
thesizer card has storage space for 16 unique
tonal waveforms. These waveforms can be used
to enulate different sounds. Their selection
is controlled by the processor. The under-
lining design -philosophy of the synthesizer

was to tax the software as much as possible and
also to give the software as much control as
possible. This simplifies the hardware and
gives the greatest degree of flexibility.

Background

There are several different approaches
which could be used to design a synthesizer.
Each has its advantages and disadvantages.

As to which is the best depends on the pre-
defined design goals. Before discussing the
synthesizer design several different synthe-
sizer methods will be discussed. These alter-
natives include both classical analog designs
and several, new digital techniques.

Analog. This design, usually consisting
of oscillators, filters, an other special wave-
form circuits, has traditionally been used in
synthesizer and electronic organ design.

These circuits tend to be simple. Usually

each circuit performs only one function and no
wide data paths are needed as in some digital
circuits. A big disadvantage in this approach
is that analog circuits, such as oscillators

or filters, can not be time shared. Thus to
implement a multitone synthesizer many similar
circuits must be fabricated. In addition
it is difficult to implement programmable
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analog circuits. For instance, making an ana-
log oscillator programmable adds significant
complexity. If the circuit is not programm-
able flexibility and adaptability is lost. Tt
would be difficult to incorporate new wave-
forms. Furthermore precise control of fre-
quency and waveforms is difficult. As the pre-
cision increases the design becomes demanding.
Oscillator and filter design becomes critical
and components must be carefully chosen. In
addition analog circuits have dynamic range
limitations which are difficult to improve.
Digital design can, at least in theory, im-
prove the dynamic range by increasing the

word length. To summarize analog circuits

tend to be simple but have serious defici-
encies when sophisticated performance is re-
quired.

Common Divider.[]l This approach is com-
monly used in electronic organs and uses a
common master oscillator, usually around 2 MHz,
and generates tonal frequencies by digital
dividers. Usually these frequencies are then
passed through different analog filters gene-
rating various waveforms. There are several
companies which produce the divider chips, a
significant advantage of this method. Since

only frequencies which are divisible into
the master oscillator frequency can be pro-
duced, resolution is restricted. Thus
slightly different frequencies can not be
produced. This approach is easy to imple-
ment since divider chips are available but
the approach is somewhat restrictive.

Digital Harmonic Synthesis.[z] In this
design each harmonic is separately gene-
rated with the amplitude and frequency spe-
cified by a piecewise linear function. The
implementation has good potential in dupli-
cating waveforms and should be able to gene-
rate almost any desired waveform. This
approach requires a amplitude controllable
sinewave generator for each tonal harmonic.
This is a significant hardware requirement
as there easily may be 10 to 15 required
harmonics. In addition since the amplitude
and frequency for each harmonic must be pro-
vided a significant amount of control must
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also be provided, probably beyond the capa-
bility of common 8 bit microprocessors
(6800, 8080, 7-80). Thus this approach
offers high performance but unfortunately
high hardware and control requirements.

FM Generation.[3] In the FM generator
approach a sinewave (or possible other func-
tion) is used to modulate the phase of an
oscillator. The phase is then converted to
a sinewave, usually by table look-up. If
the ratio between the modulating frequency
and the carrier frequency is an integer a
harmonic spectra is generated. By changing
the ratio between the frequencies and the
"modulation index" different spectrums can
be generated. This approach is fundamen-
tally simple as few calculations are re-
quired and harmonic rich waveforms can easily
be generated. One objection to this method
is a somewhat subjective one. Since the
spectrum is not controlled directly but
rather through a Bessel function it is diffi-
cult to relate the arguments to the gene-
rated spectrums. Thus it may be difficglt
to implement a specific tonal waveform if
the parameters, modulation index, etc.,
haven't been obtained. In addition if the
waveform produced is not bandlimited to
the sampling rate aliasing will occur. This
will introduce distortion as spurious fre-
quencies will be generated. The only practical
way to correct this problem may be to reduce
the spectrum generated by insuring the spec-
trum does meet the Nyquist criteria. Another,
even less attractive option, is to increase
the sampling rate. Thus the approach does
have potential but does have some pitfalls.

Direct Digital Synthesis (Phase Accumu-
Tation).  This approach has been discussed in
other Egaers[4] and has been used by the au-
thors. This approach is similar to John
Snell's[6] approach except the memory stores
the tonal waveforms rather than just a sine-
wave. In this design (see figure 1) a tonal
frequency phase is generated recursively by
using an accumulator. A digital word, corres-
ponding to the phase shift between cycles is
continuously added in the accumulator obtain-
ing successive tonal phases. The phase is then
converted into a waveform using a memory as a
Tookup table. The phase is the input address
of the memory and the memory word is the wave-
form value. At the memory output the wave-
form can be scaled. This is done by multi-
Plying the output by a scaling value. By con-
trolling this value, decay and envelopes can be
implemented and also tremlo effects. The cir-
cuitry can produce many channels by making the
accumulator a multiword accumulator memory
and adder. Of course control becomes more
complicated since the circuitry is shared
among different channeis. 1In this case all the
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waveforms are summed at the output and this sum
is converted to an analog voltage in a digital-
to-analog converter.

This approach is entirely digital with
much of the tonal generation process easily
controlled. The frequency is specified by the
word in the frequency control RAM; the wave-
form produced is the waveform in the RAM and
the amplitude envelope specified by another
RAM. Thus all of the above can be controlled
from a microprocessor merely by the processor
writing into the RAM's.

This approach is computationally simple.
An addition is required to generate the phase,
a memory access to find the waveform value and
a multiplication to implement envelope func-
tions. In addition a summation must be per-
formed over all tones. The approach is flex-
ible in that all important parameters can
easily be processor controlled. A Tlogical
microprocessor function is envelope gene-
ration since envelopes tend to change slowly.
The full resources of the microprocessor
would then be available for this function.

FREQUENCY
CONTROL
WORD

WAVEFORM |

MEMORY f

MULTIPLIER

Figure 1. Direct digital synthesis.
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Synthesizer Design Goals

The design goal was to allow sophisti-
cated performance yet be of simple design.
This was attempted by making the hardware
simple and putting much of the complexity in

“the software. This affords maximum flexi-
bility since software can be updated and
changed easily. It also results in simpler
hardware. The goals of sophisticated per-
formance and simple design are somewhat exclu-
sive and some compromises had to be made.

The compromise was in the number of channels.
In the approach taken the complexity is some-
what proportional to the number of channels.
Thas to simplify the design a small number

of channels was implemented since this will
allow lower speed circuitry and some data
multiplexing can be used. Furthermore

in taking this approach a modular design can
be implemented. To gain increased perfor-
mance more of the identical synthesizer
modules can be used to increase the number of
channels. Once the design is completed it

is easy to duplicate the circuitry.

An important use of the synthesizer was
in constructing an electronic organ which
sounds like a pipe organ. Basically elec-
tronic organs, especially affordable ones,
don't sound 1like pipe organs. Aside from
the accoustical environment where the organ
is usually located there are several reasons
for this. First of all there is usually no
chorus effect. This is the simultaneous
sounding of several tones of the same or
octavely related pitches, each tonf7ﬁound1ng
at a slightly different frequency. Most
organs use a small number of oscillators,
often 12, corresponding to the 12 notes in
an octave, while pipe organs have the equiv-
alent of thousands. Furthermore. separate
manuals often use the same oscillators fur-
ther aggravating the problem. Another sig-
nificant problem is that electronic organs
are limited in timbre or waveform generation.
Usually the waveforms are constructed by
passing a signal, such as a sawtooth, through
a filter representing the desired sound. Also
the filter usually covers 5 octaves. Coupling
these two restrictions 1imits the waveforms
that can be generated. Third, the transient
effects of pipe organs are rarely incorporated.
The pipe organ has definite decay and attack
characteristics. If these effects are included
they are usually only rudimentarily implemented

Since the proposed synthesizer was to
eliminate as many of the above deficiencies as
possible the design must implement the effect
of many oscillators giving a "chorus" effect;
it must have very flexible waveform generation;
and it must provide for attack and decay en-
velopes.

Initially several constraints were im-
posed upon the design. Fundamental to the de-
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sign were performance constraints. First, the
synthesizer must be capable of generating at
least 25 different tonal frequencies. This
figure was considered a lower bound since it is
desirable to produce many more. Since there
are ten fingers and two feet the maximum num-
ber of notes that one can play is 12. Having
a minimum of 25 possible tonal frequencies
insure that at least two tonal frequencies

can be generated for each note. Secondly
there should be a minimum of 4 waveforms or
tonal sounds generated at one time. Third,
there must be control of the envelope or ampli-
tude variations such as tremlo. This control
must also be programmable. Fourth, the fre-
quency must be specified to a high degree of
accuracy. This will allow close frequencies
to be used for the same note giving a chorus
effect. This frequency control must also be
programmable. Finally the word length must be
at least 12 bits giving a SNR (Signal-to-Noise
Ratio) of 72 dB. In addition the number of
samples specifying the waveform should be at
Teast 1000. This allows waveforms to be
accurately specified.

In addition there were important hardware
goals. First, no non-standard technology
should be used. Emitter coupled logic was not
to be used, nor were special purpose chips
wnich are difficult to find. Basically the
design should use standard off the shelf IC's
such as TTL and standard MOS. Second, the
design, especially the controller, should be
simple. Since the design was to be done in our
spare time difficult trouble shooting problems
were to be avoided. In addition a simple

design insures simple maintenance. Next, the
design should use a reasonable amount of
power - about 10 watts maximum. Finally, a
medium number of IC's, less than 100, should
be used to fabricate the synthesizer.

A critical part of the design is the
software. The software was to be designed
with certain guidelines. First, to try to
keep the synthesizer hardware to a minimum,
software was to be used to its fullest extent.
This would not only allow for simpler hard-
ware design but potential performance increase.
In the future microprocessors will have better
instruction sets and will be faster. Since a
large part of the processing will be done by
the processor there is potential increased
performance. In addition the microprocessor
should completely control the synthesizer.
This would allow for maximum flexibility in
modifying and changing the synthesized
sounds produced by the system. In essence
all the high speed data processing will be
done by the synthesizer card and all the data
storage, general bookkeeping and control will
be done by the microprocessor.

Finally, since the purpose of the syn-
thesizer is to generate musical sounds, some
input device to indicate which sound or notes
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to produce is necessary. The obvious selec-
tion is a piano or organ keyboard. This
appears to be the ideal input as the synthe-
sizer is considered an instrument and should
be played 1ike one. In addition the inter-
face must be under interrupt control. Sof*-
ware polling is not practical since little
software time would be devoted to other
synthesizer software functions.

The synthesizer design method chosen
was the direct digital method described
earlier. This offers much in potential per-
formance and also is computational efficient.
It further lends itself for integration with
a standard 8 bit processor.

Synthesizer Hardware Design

The tone generate part of the synthe-
sizer consists of five fundamental parts:
frequency generator, waveform, weighting,
accumulation and output, and control (see
figure 2). The frequency generator determines
the phase at each sample point. This phase,
of course depends directly upon the fre-
quency control word (FCW) provided by the pro-
cessor. The frequency generator recursively
generates the newest phase by adding the FCY
to the prevoius phase. The phase is then
passed to the waveform section. Here the
phase is "mapped" into the waveform: from the
phase, Bn k., the waveform, Fi (@ i ), is de-
termined. (n is the sampling numbér and k is
the waveform number.) Then the waveform is
passed to the weighting section, where a pro-
cessor controlled value, Wy, is used to scale
the waveform obtaining WkF(@n k). Finally
these values are summed in the summer section

~ obtaining the summed output of each of the 32

tone generators. The output of course is a
digital number which is converted into an
analog voltage.

As has been described earlier an important
goal of the design is complete processor con-
trol over tone generation. In the design the
processor does have complete control over the
synthesizer. The processor can write into all
controlling RAM locations. First the pro-
cessor controls the frequency of each tonal
frequency oscillator by writing the frequency
control word (FCW) into the frequency gene-
rator RAM. Second, the processor is able to
select the waveform, fx» by programming the
waveform number in the waveform select ROM.
Finally, the processor can select the scaling
values, Wk, for tone generation. Since all of
the above are processor controlled they can
change with time. However if a standard 8
bit processor, such as the 8080, is used up-
dating all tone generators may be limited to
approximately once every 2 milliseconds. An-
other important processor input is the wave-
form; (Fk(@n,k). By controlling the above
parameters and waveforms the processor can
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completely specify the tonal waveform.

The interface between the synthesizer and
processor is a memory map interface such as is
used in the 6800 and the PDP-1]. Approxi-
mately 128 bytes are required to specify the
FCW, waveform number, and weight. Obviously
if separate 1/0 addresses are devoted for each,
control I/0 space will be several reduced. In
addition the waveform memories are not treated
as memory space. Each waveform will require
a 1K by 12 bit memory. This could require 2K
bytes addressing space. With multiple wave-
forms the waveform merory space can easily
become very Targe. Instead all waveforms are
entered through a common port. As the data
is entered an internal counter is ircremented
providing the address for the waveform RAM.
Another port (memory address) is used to zero
the counter and specify which waveform memory
is to be Toaded. Thus all waveform data is
transferred to the same location. The inter-
face circuitry allows the processor to
write into the various RAM's (FCW, wave-
form number, weight, and waveform) control-
ling the synthesizer,

The controller is a simple circuit con-
sisting of a ROM and a register. As the ROM
s sequenced the control waveforms are gene-

rated. All the timing for the synthesizer
is derived from this circuitry.
S S— e -
] : !
| :
FREQUENCY — WAVEFORM ;
| GENERATOR i |
| J
FCW WRITEJ

. WAVEFORM WRITE .. J
WAVEFORM SELECT WRITE

; 7 i i
! 1" *
i ! ) :
| WEIGHT | ACCUMULA- | OUT
| I TION .
, ' ‘ AND ;
i jouTPUT |
I f — J
WEIGHT
WRITE
PROCESSQR____| PROCESSOR TO ABOVE
BUS " CONTROLS
INTERFACE
Figure 2. Synthesizer block diagram.
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Frequency Generator

The frequency generator (see figure 3)
generates the phase for each of the tonal
generators. The generator is composed of aI
frequency control word (FCW) RAM, a phase RAM
and an accumulator.
formed using two 8 bit words. Before tone
generation the processor loads the FCY RAM
with the two bytes specifying the FCW for
each tone generator. This value is §dded to
the previous tone generator's phase in two
8 bit additions obtaining the new sample
period phase. The RAM's used have a cycle
time of about 250 nsec. Since there mu§t be
two memory reads and two memory writes it
takes about 1 microsecond to generate the
phase. Implementing 32 tonal generators re-
quires about 32 microseconds resulting in an
output sampling frequency of about 30 kHz.
The most significant 10 bits of the phase is
sent to the waveform section.

PROCESSOR
DATA
BUS ADDRESS

. FcW PHASE

i RAM RAM
WIE;II;’E PHASE

ACCUMULATOR WRITE
PHASE

Figure 3. Frequency generator.

Waveform

The waveform section (see figure 4) con-
sists of either a 4K or a 16K word by 12 bit
memory. There are three different types of
operations using this memory. The primary
cycle is the waveform generation cycle. Here
the phase from the frequency generator is used
as the memory address and the waveform value
is read out. The next type of memory cycle
is a processor write cycle. In this case the
address comes from the internal word counter
and the written data comes from the processor
data bus. In this cycle the processor loads
the waveform memory. The third type of cycle

is the refresh cycle. Here a memory read is
performed with the address coming from the re-
fresh counter. At the conclusion of this
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A1l calculations are per-

cycle the referesh counter is updated. This
refresh operation occurs every 32 microseconds
for the 16K memory.

The memory uses 16 pin 4K or 16K dynamic
memory chips. These chips require the address
to be multiplexed in conjunction with two sep-
arate clocks: row address and column address
strobe. These clocks are used in multiplex-
ing the address to the memory chips. Since a
memory fetch is required by the synthesizer
once every microsecond and the memory has a
0.5 microsecond cycle time a spare cycle is
available every microsecond. The spare cycle
can be used for either refresh or a processor
write cycle. The refresh is given precedence.
If the processor attempts to write data and
the synthesizer is not ready a memory wait
will be asserted until the synthesizer is
available and the cycle is completed. It is
anticipated the memory maybe loaded under DMA
control. This will allow the waveform to be
loaded as the note is initiated.

REFRESH
COUNTER
—
i
WAVEFORM |
! WAVEFORM LOAD J
| serEcT L
! RAM :
'RAM INTERNAL |
COUNTER f
PHASE — e}
H
ty
MULTIPLEXER
/
WAVEFORM . gﬁ}/ggom
MEMORY
SAMPLE VALUE
Figure 4. Waveform section.
Weighting

The memory output is sent to the weighting
section (see figure 2). First the data is con
verted from parallel to a 12 bit serial word.
Then multiplied in the multiplier (25L514) and
finally summed in a serial adder (25LS15).

The serial multiplier and adder have moderate
speed and Tow power. Use of the multiplier
results in a 1.0 microsecond multiply time
and minimal chip count.
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Processor Interface

As far as the processor is concerned the
synthesizer is a write only memory. This
simplifies the design since no read bus
drivers or multiplexers are required. The
cycle is started by the processor setting a
write request flip-flop asserting the memory
wait line. Vhen the synthesizer has an avail-
able time slot the write operation is per=-
formed. At the conclusion the request flip-
flop is cleared and the cycle is completed.
There are two types of write cycles. The
first is into the parameter RAM's (2101's).
These RAM's specify either frequency, waveform
number or weighting and have an approximate
250 nsec cycle time. The other RAM cycle is
for the dynamic waveform memory. This requires
a cycle time of approximately 0.5 microseconds.

Controller

The controller consists of a read only
memory (ROM) and a buffer register. This is
a very simple controller with the successive
RUM address determined from the ROM itself.
As the ROM is cycled it generates the various
controller signals. Since there is no inputs
to the controller, other than the 20 MHz
clock, the operation is straightforward. A
simplified timing diagram is shown in figure 5.
As can be seen each cycle consists of two
major timing parts. In generating the phase,
first the lower byte is calculated in the
first half of the cycle. During the second
half the upper byte of the phase is determined.
The waveform memory uses this phase during the
first half cycle to determine the waveform
value.  The 1ast half of the Cycle is available

for memory refresh or for writing new waveforms.

The weighting section loads the multiplier when
the waveform data becomes available - in the
middle of the cycle.

f&————— SYNTHESIZER CYCLE————s»|

PHASE PHASE

LOWER BYTE UPPER BYTE

( ) ( ) PHASE
PHASE | PHASE | PHASE '| PHASE | GENERATION
MEMORY | MEMORY| MEMORY ; MEMORY
READ WRITE | READ | WRITE

WAVEFORM
READ CYCLE

REFRESH
OR PROCESSOR

WAVEFORM
GENERATION
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Switch Interface

The switch interface (see figure 6)
allows the keyboard to communicate with the
processor. Rather than putting switch de-
bounce circuitry at each switch a common digi-
tal debounce circuit was constructed. This
results in much of the complexity of the in-
terface. The counter continuously counts
generating addresses corresponding to differ-
ent switches. At each address a RAM is used
to remember the status of a switch - essen-
tially how long it has been on or off. To
understand the operation first assume the
switch is off. At this time the RAM will have
zero stored for that switch. As the switch is
turned on the status count will increase each
time the counter reads the switch. Finally a
switch "on" threshold is reached and that
switch is considered on. The operation is
similar when the switch becomes off. Hyste-
resis has been added, by having the threshold
when the switch is off greater than when the
switch is on, to eliminate contact bounce. If

B ]

1
COUNTER

|

s TO NOTE SWITCHES

FROM KOTE
STATUS
AM
ON/CFF i
ADDER ;
______ § ]
b b smams
i
= COMPARATOR
ON/OFF [
READ READ
COUNTER RAM
FLIP-
PROCESSOR FLOP

INTERFACE

INT RFQ
BUS

Switch interface.

Figure 6.
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a switch change is detected, that is, the
switch becomes on or off, an interrupt request
flip-flop is set. This also stops the counter.
The processor responds to the interrupt by
first reading the counter to determine which
key (switch) is changing. Then the processor
uses the address to read the RAM and determine
the switch status. This information is used
by the software to control the synthesizer
and will be discussed further in the software
section.

This may seem excessively complicated but
it is much simpler than having a hundred or
so debounce circuits. In addition the same
switch interface can be used to interface the
waveform selection switches - stop selectors
on an organ.

Software

Introduction. The software to control
the synthesizer and achieve the synthesis of
a note can be broken down into four parts. The
first parts deals with initializing the system
such as setting up tables, pointers and
counters. The remaining three parts deal with
the start of a note, the synthesis of the note
and termination of the note. The software
does a great deal of data processing. The

following paragrapns discusses the software in
more detail in the hopes that the reader will
get a better feel for the extent of the soft-

ware.

Initialization. The software has been
written to accommodate 128 different notes
(forty more than a piano keyboard and six more
than two organ keyboards). Information on
each note must be stored, so that when the
note is played the software can fetch the in-
formation from a note table. Table 1 shows
the information that is stored for each note.
The first entry, the timbre number, tells the
software which output waveform the software
should use to generate the given note. At
present there are four output waveforms stored
in the synthesizer card. The attack rate is
used to determine how long the attack period
will last. An eight bit register, the attack
time, is summed with the attack rate every
clock period. The clock period occurs every
2 milliseconds. When the software detects a
carry from the above addition, the software
will change the state of the note from the
attack state to the steady state. For
example, if the attack rate is set at 4,
the attack period will last 64 clock periods
or 128 milliseconds. Each note has its own
rate so the attack period can be different
for every note. '

The third entry in the note array is the
attack envelope number. At present there are
four attack envelope tables stored in software.
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The attack envelope number indicates which
envelope the software should use for the given
note.

TABLE 1

Note Table

Each Entry (128 Notes) Includes the
Following Elements:

Timbre number

Attack rate

Attack envelope number

Decay rate

Decay envelope number

Steady state rate

Steady state envelope number
Frequency modulation rate

Frequency modulation envelope number

The note table also contains the infor-
mation for the decay and steady state period.
This information is used in the same manner
as the attack information. However, there is
one difference with the steady state rate.
The software never tests the carry. This
means that once the note is in the steady
state it will remain in that state, except
for one condition; when the software has de-
tected that a key is no longer being played,
the software will change the state of that
note to the decay state and thus the note will
be terminated at the end of the decay period.

The final two entries in the note table
are the frequency modulation information.
This information would be used to modulate
the output waveform. However, at present the
software has not been written to implement
frequency modulation.

Besides the note table there is a status
active table. The synthesizer can generate
up to 32 notes simultaneously. The status
active table contains information on only
those notes that are being generated. The

number of entries in the status active table
depends on the number of notes that are simul-
taneously being played. If no notes are being
played, then of course there would be no entries
in the status active table. The information
stored in the table for each active note is
shown on table 2. There are fourteen parameters
listed for each note. The note number indicates
which note from the note table is being gene-
rated. The timbre indicates which output wave-
form should be used to generate the note. The
attack rate, attack envelope, decay rate, de-
cay envelope, stready state rate, steady state
envelope, frequency modulation rate and fre-
quency modulation envelope is the same infor-
mation that is stored in the note table. This
information is transferred to the status active
table when a note becomes active. The Fre-
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quency Control Word (FCW) is directly related TABLE 3

to the note number. The FCW is the actual in- State Table

formation feed to the synthesizer to indicate
tonal frequency produced. Following the FCW
in the table is the FCW synthesizer address.
This address is the location the FCW is stored
in the synthesizer. The next entry, amplitude
synthesizer address, is the location the en- State

. velope amplitude data is stored in the synthe- Time

sizer. Finally, the timbre number address, Rate

this address is the location the timbre number Envelope base address

is stored in the synthesizer. The initili- Amplitude synthesizer address

zation software sets up the pointers to the Note number

status active table and clears the status

active counter to indicate that all 32 note

generators are available.

This is the operating array for
each active note. Each entry has
the following elements.

The first entry is the state. This en-
try indicates which state the note is in.
The second entry is the time. This entry in-

TABLE 2 dicates how long the note has been in the
given state. Time is also a pointer to the
Status Active Table location in the envelope table the note is
presently using. The location contains the
This table contains status information amplitude datum for the output waveform.
on all active notes. Up to 32 entries Every clock perind the rate is summed with
are possible with each entry composed time to give a new time and a new address for
of the following: amplitude datum. If a carry is detected the
software will change the state of the note to
Note number the next state. However, there is one problem,
Timbre you do not want to leave the steady state and
Attack rate start the decay until the note has been re-
Attack envelope leased. To prevent this from occurring the
Decay rate software does not test the carry from the
Decay envelope steady state time and rate summation. Thus
Steady state rate the note will not go into the decay state
Steady state envelope until the software detects that the note has
Frequency modulation rate been released and chages the state of the note.

Frequency modulation envelope

dulati The next entry in the table is the envelope

Frequency Contral Word (FCW) . .. . .. . base address...This.is .the address._of.the first..

FCW synthesizer address entry of the envelope table for the given state.

Amplitude synthesizer address By adding time with the base address, the lo-

Timbre number synthesizer address cation of amplitude datum is determined. This
datum is loaded into the synthesizer amplitude
address.

The final storage table is the note fre-
The initialization software also has the  quency table. This table contains the frequency
duty of setting up the timbre waveform in the  control word for each note. Each FCW consists
synthesizer. The synthesizer card can hold of two bytes and since there are 128 notes, the
four timbre waveforms. Each waveform consists table occupies 256 bytes. The initilization
of 1K 12 bit words which breaks down to 1.5K software loads the proper FCW for each note.

bytes. The waveforms are stored on cassette. Besides the above tables, the initiali-
The software transfers the data from the cas-  zation software sets up two stacks. One stack
sette to the synthesizer card. There is no contains the addresses of the available gene-
restriction on the waveforms. They may be a rators. The software loads the 32 addresses of
simple sine wave or a complex waveform. This  the status active table. The second stack con-
freedom provides the means of emulating ins- tains the addresses of the generators that are
trument sounds, since the instrument's wave- active. Since there are no active generators
form can be stored in the synthesizer. to start off, the software clears this stack and
As mentioned, a note can be in one of and clears the counter which indicates how many
three states: attack, steady state or decay. notes are active.
A state table is used to indicate which state The final requirement of the initialization
a note is in. There is a maximum of 32 en- software is to set up pointers to the starting
tries in the state table. Table 3 shows the addresses of the above tables and to set up
information contained for each entry. the numerous counters that are used.
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Note Detection. As mentioned earlier the amplitude of each note can be individual con-
software excluding initilization can be broken trolled. The flexibility of the design is do
down into three sections: note detection, to the fact that much of the processing and con-
clock detection and note deletion. The note trol is in software.
detection software is used when a note is
first detected. When a note is first played,
the keyboard hardware detects the note and
causes an interrupt. The interrupt vectors the " r .
processor to the note detection software. The E;oz‘acg$ﬁ°?’ FTempered Scale Generation

' A . " ale Frequency Source," Journal
- first thing the software does is obtain the note . . ; ; =
A . of the Audio Engineering Society; Vol. 20,

number from the keyboard hardware. Using the Pp. 376-382, June 1972

note number the software determines the Fre- ' ? e

quency Control Word and loads it into the status

active array. Next the note parameters are
moved from the note table to the status active
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Note Delete. When the keyboard hardware MATHEMATICAL ANALYSIS OF TONE GENERATION

detects the end of a note, an interrupt is
sent to the processor. This interrupt cause

APPENDIX

the processor to vector to the note delete . To give those who are mathema?ica]]y in-
software. The software will obtain the note clined a better feel of the mechanics of the
number from the hardware. It will go to the synthesizer, the following is a brief mathe-
state array and change the state of the note matical treatment of the synthesizer tone

to decay state. The clock detect software de- generation. The section consists of two
tects the end of the decay state and does the parts. The first describes a mathematical
necessary bookkeeping as mentioned above. representation of the tone generation pro-

cess. The other section describes the errors
) introduced into the tone generation and shows
Conclusions how they can be determined.
Assume we are interested in generating a
The synthesizer described in this paper is periodic waveform, f,(t), which has period,
intended to provide high quality musical syn- Tp. In addition let us generate a function
thesis. Up to 32 simultaneous notes can be fs(#) corresponding to a single cycle of the
synthesized. The attack, decay.and steady state Waveform but with period, 1:

WEST COAST COMPUTER FAIRE 93 BOX 1579, PALO AL.TO CA 94302



f, (t/Tp) = fp(t) for Ost<Tp.

In generating this waveform we will generate a
sampled representation of the signal with sample
period, Ts. Thus we are only interested in
fp(t) at discrete points,” specifically:

t =nTg for <ow<n<w .

Since the waveform is periodic we are only in-
terested in the "phase," not the integer number
of cycles. This "phase," normalized between 0
and 1, has zero representing the start of the
cycle and one representing the end of the cycle.

We can define a remainder function, REM,
which gives us the normalized phase. Mathe-
matical we first separate nTg into the integer
number of cycles, K, and the phase at the nth
sample period ¢n'

nTg = KTp + ¢nTP

This is done by finding K, the integer part of

(nTS/Tp). Then
By = (nTg - KT)/T,
or
9, = REM (nT /T ).
Thus
£ (9,) = £,(0T)

We -want a recursive method of generating
F (nTi) or equivalent T4(9y,).

by generating ¢n recursively. We can
generate B4 from dn:
¢n+] = REM (nTS/Tp + TS/Tp)
= ¢
REM (k + gy + TS/Tp) -
REM (¢n + TS/Tp)

Thus we can recursively generate fg(dy) or
equivalently fp(nT ) by recursively generating
¢, from (1) and then determine fs(g,) from b

Equation (1) is easily implemented by
using a digital register represent1ng ¢n, and
an adder. The remainder function is easily
implemented by truncating the register output.
This register and adder are often called the
phase accumulation register. At each sample
period Tg/T, is added to the previous phase de-
taining the new phase. This phase, g,, is then
converted into fq(@,) by table lookup. A RAM
or ROM is used to represent t¢(g,)

WEST COAST COMPUTER FAIRE

ve can generate

94

Error Analysis

If f.(gp)
for all nig

= fp(nTg) with g, =
then there will be no distortion
provided, of course, the Nyquist criteria is

REM(nTs/Tp)

meet: the highest frequency of f (t) must be
}ess than one half the sampling frequency,
/Tg

However f,(nT.) will not equal fg(¢ n) for
two reasons. First the waveform fg(g ) will
have finite entries and will appear as in
figure 7. This is because fq ( is constant
between entries: 1in pract1ce tne phase is
truncated and the next lowest phase, say ¢-, is
is used to approximate f¢(#,). Thus fg(sp
generated - not fp(nTs) and we can analyze the
spectral content of this waveform to determine
the distortion. The above introduces error
when the phase has more resolution than the
table used to represent fg(@g,). OF course
if the phase, @y, is not truncated than there
are no errors introduced. But typically the
phase is generated with more resolution and
will be truncated. The other source of error
is quantization error. Since the word length
used to specify the sample value is finite,
errors are introduced. This results in white
noise (constant noise power density as a
function of frequency) and can be controlled
by making the word length long enough. 12
bits gives a signal-to-noise ratio of 72 dB
and is probably adequate. First the spectrum
of f5(#,) approximating the waveform f,(t )
will be determined. A single cycle of the
periodic waveform is sampled for storage in
the table or memory (see figure 7). The
sampling interval is the period divided by N,
tne number of entries in the waveform table.
The waveform is sampled at each point and then.
this value is held constant until the next
point (flat-top reconstruction). Thus the wave
form in the memory, f., has the following re-
presentation.

_ NE] h(t-n/N) f (n/K)
n=o

! for o<t<1/N

h(t) =
0 otherwise
The tone generation process essentially deter-
mines a phase and then uses this to Tookup the
waveform value in the memory. This waveform
determining process can be separated into
two equivalent processes. First the waveform
will be produced from the ROM at the correct
frequency with infinite precision. Next this
signal will be sampled at the sampling rate,
1/Tg. This is identical to using the phase
d1rect1v to determine the waveform value.
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Figure 7. Memory waveform, fs(é).

First the waveform from the ROM at the
correct frequency will be a periodic signal
jdentifical to a single cycle of the memory
waveform with frequency 1/(Tg/T,). This wave-
form has the following representation:

h{(t-n/NT) f (nT,)

f(t) = >

h=-w

Here f

f_(REMEn
S
tirum

is a periodic signal with f (nT_) =
To/Tp). This has the following spec-

(see”figure 8):
w
Fw(w —nms) H (ﬂ;)

o0
Obviously the waveform is not bandlimitea.
There are abrupt transistions between entry
points. This waveform will then be sampled at
the sampling rate, T_. Let us further assume
the signal we are geﬁerating is a sinewave as
has been represented in figures 7-8. This isn't
necessary for error analysis but it does allow
us to separate harmonic error from other errors.
Essentially all spurious frequencies above %

F(w)

the sampling rate are translated into the region

-Ts/2 to T¢/2 (see figure 9). Thus we can
separate the error into two parts:
non harmonic. A1l harmonic error less than
Nyquist bandwidth will remain undistorted.
Since this error is harmonic it will not be as
important as the non-harmonic error and will be
disregarded here. However frequencies above
the HNqyuist bandwidth will appear as spurs.

The waveform to be generated can be separated
into harmonics or partials. The fundamental
will have one cycle stored in the memory thus

N will be 1024 because all memory locations are
used to specify the cycle. However for the
other partials more cycles will be present in
the memory and the effective N will different.
For instance, for the first harmonic two cycles
will be represented in the memory. Therefore
the effective N is 512. A procedure for de-
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Figure 9. Spectrum of generated signal.
termining the non-harmonic errors is as

follows: For each partial, determine the
effective N. This will be 1024 divided by

the harmonic number plus 1. HNext determine the
first frequency above the Nyquist bandwidth as
above. This will be the strongest spur and

all frequencies above this will be spurious.
Repeat this for each partial in the generated
signal. In addition the spurs are proportional
to the strength of the corresponding partial.
Two possible approaches to determine allowable
error could be considered here. One might be
to consider just the maximum spur. But pro-
bably a better error function is to determine
the total spurious error. This will be a power
summation over all spurs and over all partials.
Using this for a particular waveform and fre-
quency the signal-to-noise ratio can be de-
termined.
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"DESIGNING YOUR OWN REAL-TIME TOOLS
A MICROPROCESSOR-BASED STEREO AUDIO SPECTRUM ANALYZER FOR
RECORDING STUDIOS, ELECTRONIC MUSIC, AND SPEECH RECOGNITION."

Byron D. Wagner
1701 Viewmont Dr.
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213-982-6200

Abstract

This paper describes the relative
ease with which an inexpensive person-
al computer can be configured into a

highly sophisticated, personalized
tool or test instrument with perfor-
mance equaling or exceeding that of

costly, commercially available, less

flexible equipment. The author
details the design, construction,
software development, smoke-test-

ing and calibration of such a device

- a real-time, 1/3 octave audio
spectrum analyzer using a color
television as a graphic display
screen. Applications for this part-
icular device are discussed and
guidelines are offered for custom-
izing systems to the users needs,
either as a standalone instrument
or as an automated controller to be
integrated into an existing unit.
Examples suggested include: mixing
consoles, theatrical lighting boar-
ds, and a scanning electron micro-
scope.

Tools

According to some scientists,

-.the ability to-create artificial . .. -

extensions of fingers, specialized
for different purposes,is what
originally separated cavemen from
the animals. History is split into
periods representative of the mat-
erials used to form the tools, ie.
the Stone Age, the Bronze Age. As
man grew more sophisticated, so
did his tools. Bits of sharpen-
ed rock and bone for cutting and
grinding became knives and spear
points, later arrows. With the
invention of the wheel, man was

no longer totally dependent on
beasts of burden, and transpor-
tation became more efficient.

By the Middle Ages, technol-
ogy and craftsmanship had raised
the original utilitarian cutting
tool to the level of being a power-
ful symbol. Ornately jeweled swords
and scepters conveyed authority,
items of ritual never put to prac-
tical use. For the most part, how-
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ever, the advance of technology was
not an end in itself, but a means of
gaining leverage over materials used
in making the physical world a better
and safer place to live. The fact that
people could derive pleasure from the
esthetic challenges of organization is
displayed in the creative patterns
commonly found in early pottery and
weaving, with even the most common
household items crossing the line
between strict functionality and the
communication that is art.

When I was young, my father took
me to visit a craftsman who made his
living by repairing musical instru-
ments, expecially brass horns. As I
was admiring the amazing assortment of
metal-working implements, I asked where
someone might buy such unusual, special-
ized equipment. "I wouldn't know", he
replied, "Imake my own myself", and he
smiled with pride.

People have always been envious of
such highly personalized and custom-
ized tools. From the gunfighter's
pearl-handled revolver (with the hammer
spur filed off to facilitate quick - )
draws), to the pool hustler's weighted
and balanced pool cue, or the profess-
ional musician's instrument, voiced
just to his liking. 1In each case, the
modifications are justifiably practical
necessities for the pro, but luxuries
to the layman (novice).

Personal Computers - Getting Beyond
"Other People's Programs"

The personal computer provides the
opportunity to create devices whose
complexity and degree of personalization
is limited solely by the imagination
and motivation of the user. It is an
accessible alternative for the solution
of problems. In other words, one can
trade an abundance of time for a non-
abundance of money. With the additional
advantage that, once a written logic
framework or program is established,
it can be easily adapted for later uses.
Organizing information utilizes the same
techniques whether the data manipulated
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represents a stamp collection, phono-
graph records, recipes, ham radio con-
tacts, or an amateur astronomer's
sighting coordinates. Even at this
point on the mass memory price curve,
large system data base storage and
retrieval techniques can be scaled
down and applied tc home systems.

The employment of reference pointers
such as directories or indices is al-
most as useful as storing the refer-
ence works themselves and offers a
substantial savings in equipment
cost.

Even though the mass marketplace
for personal computing products is
still relatively small in relation
to other hobbies, the array of
existing building blocks is pheno-~
menal. Eight-and sixteen-bit CPU's
cheap RAM and ROM memory, inexpensive
tape and disc storage, terminals,
quality hard-copy printers, medium
resolution black-and-white or color
displays, speech generation and
recognition devices, communication
modems and touch-tone transceivers,
remote control of household appli-
ances using AC lines, music syn-
thesizers, analog to digital and
digital to analog converters, digital
logic analyzers, digital frequency
counter and digital multimeter sub-
systems, realtime clocks, and even
medium resolution video digitizers
exist, most compatible on a "plugin
and go" basis. Yet perhaps a greater
benefit is the willingness on the
part of most manufacturers to pro-
vide not only prewritten software,
but also technical support. This
includes schematic diagrams and
"theory of operation” information
on a nuts and bolts level (as
opposed to the traditional "once
you buy it we don't want to hear
from you" supplier-consumer re-
lationship.)

Real Time

Part of the precision with which
we operate our hands and fingers
stems from the fact that they are
able to send feedback signals to the
brain that controls their movements.
This is a classic example of a
closed-loop servo system (as oppo-
sed to blindly applied brute force.)
The system can be disturbed, though,
if a delay is introduced either
between the sensing apparatus and
the controller, or the controller
and the actuators. With children
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or adults, the more quickly rein-
forcement follows action, the

faster the learning process is
accomplished. This builds the pattern
of challenge, motivation, and reward
into a constructive "vicious circle."
A significant benefit of this behavior
is that more good ideas will be follow-
ed through to completion, instead of
being abandoned because of petty but
time-consuming obstacles. Studies in
human ergonometric design confirm
practical experience relative to the
speed and accuracy with which a person
can assimilate raw data. Computer hex
codes are harder to understand than
conversational English, which in turn
is more difficult to read than small
strings of numbers. The simplest way
to communicate rapidly comprehensible
information reflecting changing signal
parameters is through the use of analog
position indicator movements referenc-
ed to a fixed linear or logarithmic
scale. Convention in the past dictated
that separate functions required sep-
arate displays, whether visually
oriented (meters and gauges) or audio
(buzzers, bells, and chimes). But
experience has shown that human beings
are capable of deciphering numerous,
although subtle, details from complex
integrated or holistic sets of stimuli.
An experiencedmechanic listening to a

car's engine can diagnose many specific

different ailments relating to carbu-
ration, valve, timing, and mechanical
balance problems in much the same way
as a physician examines a patient.

An example of this type of design
applied to electronic test instruments
may be found in many recording studios
and even some home hi-fi systems.

When a standard oscilloscope is fed
stereo program material, with the left
channel going to vertical drive cir-
cuits and the right channel feeding
horizontal dirve circuits, a complex
"scrambled egg" pattern appears.

This pattern simultaneously shows peak
amplitude, stereo separation, relative
phase, frequency, and dynamic envelope
characteristics for both channels. )

It has become feasible to design
instantly reconfigurable output inter-
faces with ultimte flexibility without
giving up the capability of providing
the ultimate in specialization and
detail. Such devices can be person-
alized to the idiosyncracies of an
individual (whether the user is left-
handed, speaks a foreigh language,
is male, female, or even a child or
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animal), with different pre-programmed
levels of complexity. Obviously, this
is totally opposite to traditional
instrument design practices and does
offer disadvantages. These include
the lack of standardization of oper-
ation and maintenance procedures.
However, standards will probably emerge.
Hopefully, they will be generated on
the basis of need and logic, instead
of manufacturing expediency and
economy.

Obviously, a powerful systems
analysis tool such as we have been
describing, when used as the feedback
element for a process-control device,
is capable of creating a layered
structure suitable for complete auto-
mation or independend action. Yet
manual assistance, supervision, or
even complete override by a human is
possible while still retaining the
housekeeping functions and automatic
trim logic to allow the operator as
much or as little responsibility as
desired. A good example of this
would be an autopilot on a plane that
could coordinate turns, even though
the direction heading and other gui-
dance functions had been disabled by
the pilot.

A Real-World Example

In the field of professional audio,
historically, control of signals has
been limited primarily to the mani-
pulation of the amplitude of informat-
ion derived from real-world sources.
Typically, these are musical instru-
ments, voices, or in the case of motion
pictures, and television, sound effects
or background sounds. In recent years
this has been expanded to include equal-
ization (still a function of amplitude),
artifical reverberation and echo, multi-
track recording, phasing and digital
delay lines (time), and most recently,
pitch or frequency (made possible by
the use of analog to digital and digital
to analog conversions). Attempts at
either the direct synthesis or modifi-
cations of complex waveforms were limi-
ted for the most part to electro-mech-
anical devices (Hammond organ tone
wheels and Leslie rotating loudspeakers)
or prohibitavely time-or money- consum-
ing procedures using large-scale com-
puters (Music V). Additionally, the
computer programs did not operate
interactively in real-time. This state
of affairs explains why commonly used
indicators throughout the industry in
broadcast stations, recording studios,
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and communication networks were
generally VU or Peak Program meters,
to be used in conjunction with loud-
speakers and sometimes an occasional
oscilloscope.

Things, however, are changing fast.
The changes result from such factors
as the consumerization and mass-
marketing of voltage-controlled
synthesizers like the Moog and ARP,
the skyrocketing technology of large-
scale integration, and the continu-
ing demand for more control and real-
ism in audio recording and sound
reinforcement. These changes also
brought about the need for more
sophisticated measurement tools at
affordable prices. The ability for
a human to tell the difference between
musical instruments, for example, a
flute or a clarinet, is due to the
difference in harmonic structures
and dynamic envelope changes that
occur during the duration of a note.
These are determined by the mechanics
of vibration peculidr to the gener-
ation of the sound emitted by that
particular instrument. In the case
of the flute, a vibrating column of
air; in a clarinet, vibrating reeds

In response to this demand, re-
searchers developed tools like the
spectrograph, a device which splits
audio signals occurring in the
spectrum between twenty and twenty
thousand vibrations per second into
bands, much as a prism devides white

light . into its -component-parts. - This . -

was accomplished by passing complex
signals through a turnable filter,
plotting the results, and repeating
in an overlay fashion after retun-
ing the filter. This yields a result
similar to the graphs popularly

known as "voice-prints". Early
attempts at real-time analysis were
cumbersome due to the number of
filters and meters necessary for
reasonably discrete identification

of separate harmonics. If the spec-
trum is divided into octave bands,
the required number of filters is ten.
If half-octave, nineteen; third-
octave, twnety-seven. That meant
dozens of tubes and lots of heat.

In early 1971, Hewlett-Packard in con-
junction with Altec~Lansing, intro-
duced an audio spectrum analyzer in

a relatively small, rack-mount case
with a CRT display, selling at the
breakthrough price of approximately
$3,000. This was followed a few
years later by a unit from Amber
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the most attractive points was that
all the hardware, with the exception
of filter banks and input signal con-
ditioning circuitry,was available off
the shelf. Final choices included :
an IMSAI mainframe with front panel
and CPU, Seals and IMS 8K memory
cards, a Sony color monitor, a Byte-
saver card, three D+7A's (analog

to digital converters) and a Dazzler
color video display interface, all
from Cromemco. (Fig. #2)

Electro Designs of Montreal. It
features an LED matrix display, with
dimensions of tem by ten, and retails
for about $2,000. (See Figure #1) The
Ivie Corporation, based in Utah, is
now marketing a palm~sized, hand-held,
audio spectrum analyzer with built-in
LED matrix display and calibrated
microphone. This sells for less than
half a thousand dollars.

As the availability of such devices
grew, so did their uses. eg.: the study
of acoustics and musical instrument tone
generation, bandpass characteristics of

The display format chosen was
that of vertical, multi-colored bars,

amplifiers, tape machines, and so on,
and the practice of tuning or "voic-
ing" music reproduction or sound rein-
forcement systems using graphic equal-
izers to compensate for room charac-
teristics, and displays of power band-
width in disc mastering chains.

The Hardware

In the course of designing a pro-
fessional recording facility with

built-in video tie-lines connecting the

performing, control-room and playback
areas, the idea of including such an
analyzer with the ability to distri-
bute a display to the video monitor
in the control room (saving valuable
space) coupled with the possibility
of providing the musicians with
immediate feedback corresponding to
their dynamics, proved irresistable.
Unfortunately, none of the commer-
cially available units offered such
a capability without the need for
some kind of scan conversion, for
compatibility with NTSC video signal
standards. A little investigation
and guesstimating led to a potentially
feasible design for accomplising

not only these goals, but a host of
others: color display, programmable
overload threshold, with a provision
for matching existing disk cutter-
head curves, the ability to freeze a
frame of display, or display frozen
frames sequentially for a slow-
motion effect (in forward and rever-
se) to facilitate the analysis of
signals for music and voice syn-
thesis and recognition, and the
ability to display a large number

of fullband signals from multiple- .
channel tape machines or mixing
consoles, to eliminate the head
swiveling (and resulting neckache)
from trying to read thirty-two VU
meters at the same time. One of
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whose heights rise and fall with the
output of the corresponding filter/
peak detector combination. The
basic algorithm for translating
analog input amplitude changes to
corresponding changes in bar-graph
height was developed, and a test
program written in basic, along with
a routine that erased the screen at
the onset of operation. Simply
stated, a scanning pattern is estab-
lished and, for a particular bar, a
value is input and compared with the
present position on the screen. If
the screen value is greater than the
input value, a block of color is
written at that position. If not,
the background color, in this case
black, is written into the pesition.
(See Fig. #3) With the test program
running under Altair, 3.1 Basic at
standard processor speed, it took
approximately twenty seconds just

to write one screen featuring 8 bars.
Since the minimum update speed nec-
essary for smooth and natural step-
less transitions between frames is
about a thirtieth of a second, it
was both necessary and desirable to
implement the program in machine
language. An early incarnation of
the assembly listing for such a
machine language program (still
displaying only 8 bars) is shown

in Fig. #4.

Study will reveal the relatively
crude nature of the counting loops
and the fact that the entire bar is
repainted each scan. The quadrant
positioning and jumping arithmetic
was made necessary by the architec-
ture of the display used - a Cromemco
Dazzler (high resolution color mode).
Any memory mapped video display would
work equally well. The software was
expanded and further refined to allow
interaction with simple switches so
that a terminal would not be necess-
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ary in the case of dedicated operation.
Hardware bugs were chased down and
exterminated and PROMS containing the
final version of software were burned.
The device was calibrated using the
time-honored tradition of applying
signals of known frequency and ampli-
tude while making the corresponding
necessary adjustments for proper
indication.

The resulting display is a
tremendiously useful device - although
the beauty of its fascinating patterns
set to music may lead the more cyncial
to cast aspersions on the purity of
pragmatic intent of its creator. By
plugging in other types of sensors,
eg.: thermocouples, optical position
encoders, anemometers, medical elec~-
trodes; and changing the reference
scale and label overlay data, vir-
tually any type of measurement para-
meters can be accomodated. The
dynamic range, resolution, response
time and ballistics, averaging
criteria, linearizarion or log scal-
ing and weighting, can all be defined
by software. With the addition of a
modem, remote polling and data acqu-
isition become possible; with a mass
storage device (disc, tape, bubble
memory) the opportunity for exten-
sive signal analysis and hard copy
plots. Yet with all this flexibil-
ity, the system can satisfy the most
subtle demand for highly specialized
applications. If time permits, the
author will discuss interfaces with
control elements in theatrical
Tighting systems and the automation’
of recording studio mixing consoles
and electronic music synthesizers
as well as a scanning electron micro-
scope function control and stage
positioner.

Conclusions

In view of the current mind-
boggling leaps in technology and
the complexity of available hard-
ware, it is comforting to consider
that, far from being closed, the
available options for designing and
molding a personalized, custom-fitted
set of tools with which to create and
communicate are as rewarding and open
as in the past, if not more so.
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OUT 14, 144
QUT 15,16
B=0
Z=8192
POKE Z,B
Z=Z+1
IF Z 8705 GO TO 32
C=51
P=8192
1=25
GO SuUB 500
C=85
P=8194
[=26
GO SUB
C=119
P=8196
1=27
GO SUB
C=153
P=8198
1=20
GO sSuB
Cc=187
P=8200
1=29
GO SUB
c=221
P=8202
1=30
GO SUB
C=255
P=8204
I=31
GO SUB
C=51
P=8206
I=33
GO SuUB 500
GO TO 40
D=INP(I)
L=(8704~-P)
IF L-O THEN RETURN
IF (D¥2).-=L THEN POKE P,C: TO GO 550
POKE P,B

LET P=P+16
GO TO 510 @

FIGURE 3
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ASSM

0700 0010 BEGIN LXI SP,TOPS+20 (SET STACK POINTER)
0703 0020 MVI A,88H (SET DAZZLER

0705 00390 0UT 14 FORMAT &

0707 0040 MVl A,16 PICTURE

0709 D: 0050 0UT 15 LOCAT | ON)
0708 0060 LXI B,512 (SET ERASE LOOP COUNTER)
070E 0070 LXI H,1000H (SET ERASE LOCATION)
0711 0080 ERASE MVI M,00 (DRAW BLACK @ LOCATION)
0713 0090 DCX B (DECREMENT E.L. CNTR.)
0714 0100 INX H (ADVANCE TO NEXT LOCATIiON)
0715 0110 MOV A,B (LOAD COUNTR. TO ACCUMULATOR)
0716 00 0120 CPI 00 (CHECK IF CNTR. IS DEPLETED)
0718 0130 JNZ ERASE (IF NOT, REPEAT LOOP)

071B 0140 MOV A,C (REPEAT CHECK

071cC 0150 CPI 00 ON OTHER BYTE

071E 0160 JNZ ERASE OF LOOP COUNTER)
0721 0170 BARA MVI B,51 (LOAD COLOR OF FIRST BAR)
0723 0180 IN 25 (LOAD A/D DATA FROM PORT 25)
0725 0190 APLAC LXI H,I000H (SET START ADDR. OF BAR)
0728 0200  CALL PAINT (GO TO DISPLAY SUBROUTINE)
072B 0210 BARB MVl B,85S

072D 0220 IN 26

072F 0230 BPLAC LXI H,1002H (REPEAT FOR NEXT
0732 0240  CALL PAINT BAR)

0735 0250 BARC MVI B, 119

0737 0260 IN 27

0739 0270 CPLAC LXI H,1004H

073C 0280 CALL PAINT.

073F 0290 BARD MVI B, 163

0741 . 0300 1IN 28

0743 0310 DPLAC LXI H,1006H

0746 0320 CALL PAINT

0749 0330 BARE MVI B, 187D

074B 0340 IN 29

074D 0350 EPLAC LXI H,1008H

0750 0360 CALL PAINT

0753 0370 BARF MVI B,221

07585 0380 IN 30

0757 0390 FPLAC LXI H,100aH

0754 0400 CALL PAINT

075D 0410 BARG MVI B, 255

07SF 0420 IN 31

0761 0430 GPLAC LXI H,100CH

0764 0440  CALL PAINT

0767 0450 BARH MVI B, 0DAH
8769 DB 21 _ . __ ... ...0460 . IN 33 ... o

0768 0470 HPLAC LXI H,100EH ")

076E 0480 CALL PAINT

0771 0490 JMP BARA (REDRAW SCREEN)

0774 0500 PAINT MVI C.7FH (LOAD LOOPEPOSTN.CNTR.)
0776 0510 LXI D,16  (LOAD MEMORY JUMP INCRMT.)
0779 0520 SIDOR NOP

0774 0521 NOP

0778 0s22 NOP

077¢ 0523 NOP

077D 0524  CHMP C (COMPARE INPUT VALUEESCREEN POSTN.)
077E 0525 NOP

077F 0526 NOP

0780 8527 NOP ]

0781 0528  NOP RALC

0782 8530 4 (1F' o mgg GzEéTR,G.T.B)
0785 0540 MOV M, B (IF NAT, pBAWACOL! § . )
6786 0550 INCRM (ADVANCE POSTN.
0787 0572 DCR C RAR

0788 0573 DCR C (DECREMENT LOOP&POSTN. CNTR. )
0789 0574 DCR C

078A 0575 DCR C

0788 0580 RM (RETURN FROM SUBRTN. IF DONE)

078C 79 07 0590 JMP SIDOR (CONTINUE BAR)

078F 00 0600 BLACK MVI M, 00H (DRAW BLACK)

0791 86 07 0610 TOPS JMP INCRM (CONTINUE LOOP)

EXEC 0700

FILE /FREAQ/

FREAQ 0100 O061E

FIGURE 4

WEST COAST COMPUTER FAIRE 104 BOX 1579. PALO ALTO CA 94302




PERSONAL COMPUTING AND THE PATENT SYSTEM
copyright 1978 DBH
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Owen, Wickersham & Erickson
433 California St., San Francisco, CA 94104
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Abstract

A cursory view of the patent
system with focus upon its appli-
cation to personal computing. The
difference between inventions
and patents, and requirements for
patentability including a general
discussion and update on the pat-
entability of software; the rela-
tionship of patents to copyrights
and trade secrets; and, obtaining
licensing and enforcing patents --
why bother?

Introduction
When you stop to think about
it, we live in a truly exciting
time. And this fact is proven,
at least, by our common interests
in the present and future of
personal computing which bring
us together at this Second West
Coast Computer Faire -- note
please that the word "faire" is
spelled F~A-I-R-E. In Marin
County where I live, in late sum-
mer each year there is a Ren-
aissance Pleasure Faire, spelled
F-A-I-R-E, which celebrates the
Renaissance, that glorious period
of growth in the arts and sciences
of four hundred years ago. Today,
we celebrate a new Renaissance,
a golden age of computer power and
promise, an advanced technology
which we have inherited from all
of the innovatiouns of the past,
and yet which is but a crude and
primitive glimpse and promise of
what we can expect for the future.
Over the last three hundred
years it has come to be recognized
by enlightened people and their
governments that human progress
is promoted, particularly in the
useful arts, by having laws which
protect creative works of author-
ship and invention. What I'm
talking about are the copyright
and patent laws which protect
authors and inventors. Now,
by laws which protect authors
and inventors, I mean laws which
shield them from infringements
by others. I do not mean laws
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which grant inventions to inven-

tors or works of authorship to authors
-- they own their original works from
the moment of creation.

What our intellectual pro-
perty laws do is to recognize
that unless a reasonable legal
shield is provided, authors and
inventors simply will not be
motivated to disclose their works
and discoveries —-- they will
keep them secret, and the rest of
us will not learn about them and
have a basis upon which to make
improvements. Leonardo Da Vinci's
secret discoveries or speculations
in the Fifteenth Century about the
parachute and the helicopter? were
uncovered and appreciated only in
recent years, and provide a good
example of the point I am trying
to make. Fifteenth Century laws
did not promote the useful arts
and offered no incentive to men
and women like Leonardo to make
their discoveries public.

Now, I have a little more
background to give you before I
get into my subject entitled
"Personal Computing and the Patent
System," a subject I happily
approach from my perspective not
only as a practicing patent at-
torney but also as an owner and
user of a personal computer.

I am only going to mention
copyright peripherally because
another attorney interested in
personal computing, Ken Widelitz
from Los Angeles, is giving an
excellent presentation on that
subject, and each of us has pro-
mised not to steal the other's
thunder, so to speak. So, for
information on copyright I refer
you directly to Ken's presenta-
tion.

It is my thesis that the
encouragement which our Patent
System has given countless thou-
sands of inventors has made per-
sonal computing possible. A little
bit more history, and then we will
define patents, explain how they
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are obtained and used and touch upon
the dilemma confronting us as to
patent protection of software.

The Telephone Grandparent

More than one hundred years
ago in 1876, Alexander Graham Bell
invented the telephone and secured
a patent on it.3 Since that time,
the telephone has grown to be an
absolute necessity of modern
life and it is not surprising to
learn that today the telephone
company, AT&T. has more U.S. Pat-
ents currently in force than any
other single entity, approximately
ten thousand patents,4 covering
everything from plastic materials
used in construction of home
instruments to fiber optics,
to patents describing highly
automated, complex switching equip-
ment that makes direct distance
dialing a reality. And, it is this
latter technology that is in my
opinion one of the two grandparents
of personal computing. You see,
forty years ago, the telephone
company had an acute need for a
new theoretical approach to the
design of automatic long distance
dialing equipment. It was a bril-
liant Bell Telephone engineer, C.E.
Shannon, who, in 1937, and fortu-
nately for all of us interested in
computers, recognized the potential
of the work of the Nineteenth
Century English philosopher George
..Boole, and developed from Boole's _
works what we now call boolean
algebra -- an analytical tool for
electrical circuits.5 (You know:
boolean algebra is the algebra of
the binary number system, the base
two, on-off number system, a
system understood and utilized by
our personal computers.)

Curiously, or perhaps not so,
the telephone company sired the
other grandparent of personal
computing. While some of the Bell
Telephone laboratory scientists
were hard at work applying boolean
algebra to long distance switching
problems, three other billiant
scientists at Bell Labs, Bardeen,
Brittain and Schockley, were invent-
ing the transistor in 1946.6 1In a
book published in the early 1950's
entitled rflayer Piano, author Kurt
Vonnegut, Jr. futurized about a
Centralized natiocnal computer he
called EPICAC of epic capability,
installed in Carlesbad Caverns,
New Mexico.? You see, to Vonnegut's
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prescient mind, it was a vacuum tube
computer. Had he then known about
the future of the transistor,
Vonnegut's story might have been an
even closer projection of what we
have today. As written, Player
Piano was an incredible insight
into the future, including social
dangers which might flow from the
misuse of computer power.

Because of the transistor,
your personal computer in your home
or office is potentially more power-
ful than Vonnecut's Carlsbad com-
puter or any vacuum tube computers
that could ever have been built.
The transistor and all of its
progeny are the subject of literally
thousands of U.S. letters patent,
granted to thousands of inventors
who have so rapidly advanced our
semiconductor technology, from
point contact transistors, to
Junction transistors, to epitaxial
transistors, to field effect devices,
to low scale integration, TTL, medium
scale, and now to what we probably
inaccurately refer to as large
scale integration, inaccurate in

:that we are now pushing packing

densities upwards with such patented
technologies as V-groove8 and high
resolution masking equipment. It
probably will not be too long

before we will see, for example,

a single chip 64K bit random access
memory device. Think about it -- the
possibilities that lie ahead. And,

. it has.been the disclosures-in patents-

that have provided inventors with
the stepping stones of essential

technical information which have marked

the path that has led us to where we
are today -- that brings us here
together at this Computer Faire.
Now, hopefully, I have con-
structed enough of a background or
operating environment to make the
subject of patents, if not interest-
ing, which is my belief and goal, at
least palatable. And with that, let's
consider some definitions.

Inventions and Patents Distinguished
Let's begin by comparing and
contrasting the terms invention and
patent. For every patent there must
be an invention, but it does not
follow that there will be a patent
granted for every invention. 1In
a broad sense each of us in an in-
ventor creating an invention when-
ever, through exercise of our men-
tality and skills, we devise some-
thing new. The dictionary defines
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invention as "a device, contrivance,
or process originated after study
and experiment." Another defini-
tion worthy of note accompanies

the word "invent": "“to produce
something useful for the first time
through the use of the imagination
or of ingenious thinking and experi-
ment, such as a new machine." Even
in the popular definition of inven-
tion we find the element of novelty,
that is, an invention must be some-
thing new or novel.

Before a patent may be granted
under our U.S. patent laws, another
essential ingredient must be pre-
sent: "unobviousness," a word of
art which, while easily explanable,
is somewhat difficult to apply in
practice. It is said that a patent
will not be granted unless the inven-
tion is one which is not obvions
to a person having ordinary skill in
the particular technology to which the
invention pertains. Let's apply this
test by an example.

Suppose the invention is a new
design for a microcomputer utilizing
a bidirectional data bus for communi-
cation between central processing
and memory. Let's further assume
that the design is truly novel, that
is, that no one has ever made a
microcomputer that looks just like
this one. Let's also assume that
the person of ordinary skill is a
graduate electrical engineer of
average skill and five years ex-
perience in the design of electronic
digital computer systems. Please note
that my assumption as to the level
of skill is purely arbitrary and not
to be relied upon outside this illus~
tration. -

Now, let's put this hypotheti-
cal engineer of ordinary skill in a
laboratory. On the walls of the lab,
let's tack up the closest prior art
references we can find which describe
similar computer systems. Now comes
the test: if our mythical engineer
is able to synthesize our new inven-
tion from a combination of these ref-
erences with his ordinary engineering
skill, then the invention is not
patentable. It is said to be "obvious"
or too obvious to merit a patent. On
the other hand, if the engineer cannot
synthesize the invention from the
references, then a patent should be
obtainable. So we see that the sub-
ject matter of a patent is a patent-
able invention.
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‘'says so.

Patents are issued to inventors.
Since patents are intangible personal
property, they may be transferred,
licensed to and/or owned by a party
other than the inventor. This is
cften the case where engineers are
hired by companies to make development:s
and innovations, and some turn out
to be patentable -- in this situa-
tion the employer usually owns the
invention, particularly if there is
a written employment agreement which
Where inventions are made
outside the scope of employment, usu-
ally the inventor owns the invention,
although an employer may be able to
claim a limited "shop right" in the
invention if its time and/or resources
were used by the inventor in making
his or her invention. This is a
tricky area, and it is not safe to
suppose that there are clear cut
rules or results. There are a lot
of lawsuits filed in this area,
particularly in the case of so-called
"spin-offs" where a group of employees
leave together and set up their own
competing company.

The duration of a patent is 17
years from the date of issuance,
non-renewable. The average time
today for the examination of pat-
ents is approximately 19 months
from the date of filing to final
disposition,? either issuance of
a patent, abandonment of the appli-
cation, or appeal. Currently there
are approximately 1265 patent ex-
aminers at the Patent Office in
Washington,l0 and each has at least
a technical background, with some
of them also being trained in the
law. These Patent Office examiners
administer the patent laws on a day
to day basis. An applicant unsatis-~
fied with an examiner's negative
action has appellate remedies, first
to the Board of Appeals in the Patent
Office, and then if still unsatisfied,
to the Court of Customs and Patent
Appeals, a five judge federal court
sitting in Washington, D.C.

There is only one patent office

in the United States because it
is an exclusive activity of the
federal government.

States do not issue patents,
although this has not always been
true, and Massachusetts was the
first to grant a patent in colonial
days. In 1641 one Samuel Winslow
was granted a ten year exclusive
right by Massachusetts covering
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his particular process for making
salt. U.S. Patent No. 1 was issued

to a Philadelphian on April 10,

1790 for his apparatus and process

for making potash and pearl ash.

U.S. Patent No. 4,000,000 was is-

sued on December 28, 1976 to a man
from Las Vegas for a process of
recycling asphalt-aggregate com-
positions. Well over 1000 U.S. pat-
ents are issued every Tuesday, fifty-
two weeks of the year. In 1976, 80,735
U.S. patents were issued, and in the
same year 109,227 new applications
were filed, which suggests that almost
three fourths of the total applications
filed resulted in issued patents.

A patent application today
requires a minimum $65.00 filing fee,
and if issued as a patent, a minimum
issue fee of $112.00. These fees
are paid to the Patent Office in
accordance with federal law. They
are above and beyond attorney's
fees and charges for such things
as making the required drawings.

Contents of a Patent

Before I summarize what has
to go into a patent, let me tell
you the theory behind patent dis-
closures. It is like a bargain or
deal, a contract between the inven-
tor and the people represented by
the federal government. The inven-
tor gives up a full and complete dis-
closure of his invention -- it is no
longer a secret -- with sufficient

"details to enable a person skilled in~ -

the particular technology not

only to make the invention but also
to make it work and use it for its
intended purpose. In exchange for
this disclosure, the govern-

ment gives the inventor a patent
for 17 years.

We will talk about the rights
that a patent grant conveys in a
moment, but let's first briefly
mention the four requisites of a
patent application: a specifica-
tion, an oath or declaration of
the inventor, drawings when neces-
sary, and the prescribed filing fee,
which we have already mentioned.

The specification, which is
the required written disclosure of
the invention, has several parts which
I will list: title, abstract of
the disclosure, background of the
invention, a summary of the inven-
tion, brief description of the draw-
ings, detailed description of a pre-
ferred physical embodiment of the in-
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vention, and last, but certainly
not least, the patent claims,
which define in typically stilted
yet very precise language the
boundaries of the invention, just
like legal descriptions in land deeds
describe the boundaries of the real
property conveyed thereby.

When an application ripens into
a patent, there is the grant it-
self, and the document looks im-
pressive, .with blue ribbons and
a red seal.

Enough of theory, let's con-
sider an exemplary patent, one I
feel is appropriate for this
audience. It is U.S. Patent No.
3,821,715 which issued on June 28,
1974 and is owned by the Intel
Corporation. This patent describes
and claims a general purpose digital
computer formed out of large
scale integrated circuit chips:
one chip being a central proces-
sing unit (CPU), the second a
random access memory (RAM), and the
third a read-only memory (ROM).

Here now is the front page of the
specification which includes the
title: MEMORY SYSTEM FOR A MULTI-
CHIP DIGITAL COMPUTER, names and
cities of residence of the three
co-inventors, Intel as the owner or
assignee, the prior art references
cited by the Examiner, an abstract
summarizing the invention, and one
of the flgures of the drawing, a
figure which is supposed to be

" ‘fiost representative of the overall

invention.
United States Patent 19 Comu 3EA71S
ot Jr. ctal. 1481 June 28, 1974
1540 MEMORY SYATEMFOR A MULTEOMIP LIS I B
DIGITAL COMIUTER - INMIIR MUY Besneder
1751 Inventon: Marclen Fitward Ilaff, Jr., Sita A B e oy S T 1

L4} Stankey M: Sui

Federica !wa’h:':unnx\;u":t . OTHER FUB ICATIONS

Cad. Schueneniana, “Computer Control™ in IBM Technical
rsct P e 2 Y.

in) Assism Intel Corporation, Santa Clara. Calil,  cyaes Ilalcin. Vol 13, No. 12, M2y IV72: pp.

122] Filed: Jan. 22, 1973 .

2 . Priary Exarsiner—Paul J. Henon

1211 Aol No: 325511 Assisiant Esamicier—Mclsin . Chapnick

. Anworney, Agend, or Firm—Spensley, Hom & Lubitz
[52) US. QL. 330/172.5, 340/173 R, 34C/173 5P,
(51) Tt CL GOt 13/00, GII”‘I”%R N
T < O— 3 c 11744 A
Y gencral purpose digital computer which compriscs a
158) Ficld of Scarch ... 34011725, 173 SP, 173 R; plurality of mctal-oxile-semiconductar (MOS) chips.
U219 pangom-access-memorics (RAN) and  read-only-
memorics (ROM) used as pant of the computer are

ABSTRACT

156 . References Cited coupied 1o common bi-dircetional data buses to a cen-
. . UNITED STATES PATENTS wral processing unit (CPU) with each memory includ-
346009  B/1969 PryOf. .. MONT2S ing deceding ciccuilry to determine which of the plu-
ISALSH 21972 Crcchietal. e IR X rality of memory chips is being addressed by the CPUL
3480061 71972 Arbaberal, e JHONTIR  The computer is fabricated using chips mounted on
3631363 §/1972  Meade etal. s MONII R standard 16 pin dual inline packages allowing addi-
3483020 111972 Meade.. — oy Vonal menney chips to be added 1o the computes.

302908 11/197)  Haney 1

3719932 MM C: remress HOI173 R 17 Clams, 5 Drawisy ™, -
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From this Fig. 5 drawing, you
can appreciate that it depicts a
four parallel bit, dynamic memory
L having a total array size of 256

: bits -- a very simple device

compared to the 4K and 16K devices
now available or in late product
development.

There are two other illustra-
L4 tions I want to give you. The next
: , is the first page of printed speci-
i : fication, and conveys the flLavor of
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(- the language in which patent appli-
s

There are five drawings in
this patent. In a case such as
this, drawings are required and
must illustrate every feature of
the invention. The drawing on
the front page, above, is actually
Fig. 1 and is a general block
diagram of the computer. The
figure reproduced immediately
below is Fig. 5, and is said to
be a detail block diagram of a
RAM chip. Since this invention
concerns novel computer system
architecture rather than circuit
details, the invention is illus-
trated entirely in block diagrams.
Where the invention concerns novel
circuitry, schematic circuit
diagrams would probably be re-
quired. Here now is Fig. 5.
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cations are usually written.
While the language is clear, it

is technical.

It does not read as

easily or as interestingly as a
Vonnegut novel, for example.

3821 1S

1
HEHOI\ SYSTFM FOR A 'Vll LTI-CHIP DIGITAL
COMPUTFR

BACKGROUND OF THI: INVENTION

1. Field of the [ovention

The invention relates to the lickd of digital comput-
ers.

2. Prior Art

Since their inception, digital computer applications
have evolved from calculations through data process-
sug and into the arca of control. In revent yean. wrh
the development of the so-called “mirt computer.” ap-
plications, particularly in the control area, have creatly
increased. Mini computers today arc used at the heart
nfman) systems smcr. they are more ﬂmhle an be

dforap L <an be

more readity changed or u’d.ued then fixed logie de-
sign systems, and, most s -ul'n:mll) the cost of such
enlrvutewsnsmuchksslhan!hecoslofahrg:gemml
purpose digital computer. Lafortunately, the size and
cost of even the smallest mini computers has immited
their use 10 relatively large and costly systems. Because
of this, many smaller systems are I2

with com-

10

2

BRIFF DFSCRIPTION OF THE DRAWINGS

FIG. | is a general block digmam of the discloses
computer. It dlustrates the centrsd provesang umt, &
sgle RAM and a single ROM.

G, 2 s a graph idustrating i v~ 2ie instrction cycle
of the computer and 15 wsed pricanly t dascribe the
maaner in which the memones ccmmunic.ze with the
ceniral provessing unit.

FIG. 3isabkck dugram illustraing the interconnce
tions hetween the contral processg unit and a piural
1> of memorcy chips including RC W R AMs.

HIG. 4 is a dewil block diagrar: atng a single
ROM such a5 the ROMs illustrarsd in FIG. 3.

FIG. § is a detml block diagram i a single RAM such
as the RAMs iilustrated in FIG. 3

DETAILED DESCRIPTION OF THE IN\ENTION

Referring first to FIG. 1, a comouter buit in accor-
dance with the present invention s dhstrated which in-
Ciudes a central processing unit or centrat processot
10, 4 random-access-memory (RAM) 35 and a read-
orl) mcmon (ROM) 30 In the presentiy preferrec

plex hardwired logic circuits.
present invention provides a general purpose
digital computer which may be for a cost

four bi i Gats bus lines 20, 21.

22 and 3 are utilized to comrunicate :formation
irom lhe processor 10 to the memones 2ad also te
from e ies to the

considerably less than the cost of eien the smailest
minicomputers. As will be seen, the presentl dis-
closed computer can provide the same arithmetic con-
trol and ing functions as a mini-computer with
afew MOS chips with these chips beirg housed in stan-
dard packages. With the presently disclosed computer,
it is anticipated that entire new applications. untapped
because of the cost of mini-computers, will bacome
practical. These applications include control functions.
such as pumeric controk. elevator control, h:ghway
and rail traffic control, and process control. The dis-
closed computee can be used as computer penipheral
equipment to control displays. keyboards, poiaters,
readers, plotters and termmals. Otheér ph for

30

processur. Infermation may be red from the computer
on lines 56a. 56b. 56 and 56d and infermat:on: may be
read into or from the computer on the inputsoutpur
Jines $7a, 57b. 57c and 57d. As will be evolained m
greater detail, the central processy unit or processor
10, the ROM 30 and the RAM 33, are eacn fabricated
on separate MOS chips utitizing MOS technalogy anc
are interconnected by the various lines illu:trated, in-
cluding the common data bus linss 20, 21, 22 and 23.
These bus lines may be fabricates on a prinzed circun
board along with lines 62, 63, 64, 65. 33 and 51, ana
then connected to the processor 16 and the memories
30 .\nd 35 where appropriate. iz ihe preently pre-

the presently disclosed system include computing sys-
tems and countless other applications within the fields

of transportation, automotive uses, medical electronics P

and testing systems.
SUMMARY OF THE INVENTION
ral purpose digitaf computer which compoiess

A genel
- & plurality of separate MOS chips 15 describea. The

chips are interconnected by 2 number of lines, includ-
ing four bi-directional data bus linss. One chip includes
a central processing unit that ts coupled by the bi-
directional lines to 2 plurality of memory chips which
include random-access-memocics (RAM) and read-
only-memorics (ROM). The ROMs are used to store
the computer instructions and otker data. A plurality of
separate RAMs and . ROMs may be added to <iw bi-
directional lines. The memory chips each include de-
coding circuitry for recognizing 4 predetermined code.
thus permitting the central processing unit 1o sddress
a single one of the plurslity of memory chipn even
though all the memory ctips are coupled to the com-
mon data bus lines In the presently preferred embodi-
ment, each of the chips are mounted on stamlard 16 pin
dual in-line packages and icput and ostput nfcmition
to the computer is read in through and read out from
terminals on the memory chips.

65

the processor 10 and the memories
30.md35 are p-clwzcd in dual is-hine 16 pia packages
as s used in the d industry
and, as will be seen, the pins on each pacxzge ha'e
been utilized such that the centra! process.ag umit s
abie to commenicate with the mexories and the entire
computer is sble to communic:te through the ports
provided on the memones with ¢3ternal circuitry,
Whike in FIG. 1 only a single ROM is illustrated, as
wili be explained in detail, numercus ROMs may be ut-
ized and may be coupled to the cemmon data bus lines
20, 21, 22 and 23. Additionally. a pluralit, of RAM

imay be utthzed and these memor:ss would tkewise be
cnupled to the comrmon data bus iines 20, 21, 22 and
23. The central processor §0, as 0o the memones, ie-

ceive complementary timing signals which may be ex-

ternaly generated, ou leads 62 and 63 iderufied as &,
and 100 . respectively, and illusitated :n . 2as sig-

nals 66 and 7. Processor 10, in acdition to developmg
other signals. develops a synchronization signal which
compeises a e penerated evers eight penods of the
signabs ¢, nad é.. This \ynthntr zaton puse 1< illuy-
trated as symul 68 in F1G. 2 and 15 communkcated from
the processor 10 to the sarious RAMs and ROMs uti-
lized in the computer on levd 64 The central processor
abo generates 2 ROM control sigral which is communi-
cated 10 the ROMS utiiized in the computer via lead 33
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Finally, I have included claim
1 of the patent below so that you
see how precisely claims are
written. The claims are the heart
of any patent and they are drafted
to be broad enough to cover the
invention adequately, but not so
broad as to be invalid for attempting

to cover the prior art. Here is
claim 1:
We chim:

35 1. A general purpose digital computer comprising:

acentral processor disposed on a first semiconductor
chip;

a plurality of bidirectional data bus lines;

at Jeast a separate first snd sccond semicenductor
memory chip each defiriing a memory and each in-
cluding a chip decoding circuit for recopnizing a
difterent predetermined code on said bidirectional
data bus lines and for activating a portion of said
memory upon receipt of said predetermined code,
suid data bus lines interconnecting said processor
and said first and second memory chips for com-

40

45

municating said different predetermined  codes
from suid] processor 10 at least one of said first and
secend memory chips and for communicating data
30 signals for one of said first and second memory
chips to said processor;
whereby snid processor may communicate signals 1o
said first imd second mensory chips and said decod-
. ing circuits shall deterniine which memory is being
addressed.

If you have taken the time to read
claim 1, you will note that it is

one long, single sentence which first
describes structural relationships
and ends with the desired functional
result. The subject of patent

claims leads directly, I think,

to the subject of patent rights.

--Patent Proteetion - - T

In general concept, a patent
protects the idea of the invention,
however that idea may be expressed.
This protection is broader than
that obtainable under the copyright
laws which only provide a remedy
against copying the particular
expression of an idea. While pat-
ents protect inventions and copy-
rights protect expressions of
ideas, there is no prohibition
that in some circumstances a pat-
ent as well as a copyright could
be claimed for complementary
aspects of the same subject matter.
Usually, however, that which is
patentable is not copyrightable,
and conversely so.

A patent is distinct from a
trade secret, in that the subject
matter of the patent is known be-
cause it is published when the patent
is issued, whereas a trade secret
must truly be kept as a secret to be
protected. Also, a patent protects
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- right of exclusion:

the inventor against later inventors
who arrive at the same invention throug
independent effort. Trade secret pro-
tection may not be claimed against a
third party who discovers the secret
honestly and independently of the
owner of the trade secret. A good
example of a trade secret is the
Coca-Cola syrup formula. Anything
that can be reverse engineered is

not a suitable subject for trade
secret protection. Patent applica-
tions are kept strictly confidential
by the Patent Office before issuance,
and are not disclosed if abandoned.
Therefore, the subject matter of

a patent could be protected as a trade
secret before the patent issues.

A patent grants to its owner a
that is, the
right to exclude others from making,
using or selling the invention during
the life of the patent. This is a
negative right. It is not the right
to make, use or sell the invention
claimed in the patent. Here is an
illustration: in claim 1 reproduced
above, the language calls for "a
central processor disposed on a
first semiconductor chip." Now,
it is probable that one cannot
"dispose" (that means "make") a
CPU on a semiconductor chip without
infringing patents covering the
fabrication of large scale inte-
grated circuits. So, in order to
make a single chip CPU, one would have
to be sure that patents covering chip

--fabrication were rot-being infringed—

or more likely one become licensed
under such patents to avoid any claims
of infringement. Another reason

that the patent grant is a right

of exclusion is that in some situa-
tions, other laws or public policy
prohibit the manufacture or use of the
invention -~ examples might be cycla-
mate artificial sweeteners, and
refined cocaine.

The patent grant extends through-
out the United States and is enforced
by a suit for patent infringement
in federal district court. For
foreign protection, a patent must
be obtained or confirmed in each
country, which can be an expensive
proposition. I cannot possibly
cover the subject of foreign patents
in the time allotted, other than simply
to mention that whole area as a
separate problem that has to be
considered.
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Time for Filing Application

A patent application may be
applied for at any time, subject
to some highly technical, but
important exceptions. The appli-
cation must be filed within one
year of being patented or described
in a publication anywhere through-
out the world, and within one
year of first being publicly used
or on sale in the United States.

For inventions made in the United
States, foreign applications may

not be filed without a U.S. Govern-
ment license or awaiting six months
after first filing a U.S. Patent
application. Usually, it is wisest
to file a patent application as soon
as the invention is completed. An
invention is deemed complete when

it is either physically made and used
--called an actual reduction to
practice, or a patent application

is filed with a full disclosure of
how to make and use the invention --
called a constructive reduction to
practice.

I cannot overemphasize the need
to keep adequate notes of inventive
ideas when the invention is first
conceived. A bound notebook is ideal,
and the entry ought to include a
witness' name and date of reading
and understanding the invention.
Sometimes it is crucial to have such
records when the same invention is
made by two independent workers,
and it becomes necessary to prove
who was first. In any event, a
policy of keeping an invention note-
book is a must for any serious inven-
tor.

Patent Searching

Before an inventor files a
patent application it is usually
wise to make a patentability
search to see if there are prior
patents or other references which
disclose or clearly suggest the
invention. Most patent searches
are made in the public search
library maintained by the U.S.
Patent Office in the suburbs of
Washington, D.C. A number of public
libraries around the country main-
tain collections of U.S. patents
as well as some classification
information. In this geographical
area, the Sunnyvale public library
maintains copies of U.S. patents
issued since about 1960. It is
possible for inventors to make
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searches themselves in facilities
like the Sunnyvale Patent Library,
but the work is arduous, and the
results are generally far less
reliable than if the search were
made by professional searcher in
the Patent Office search room.
Patent attorneys maintain close
ties with searchers in Washington,
and patent attorneys may be located
by looking in the yellow pages
under "Patent Lawyers" which is

a separate classification from
attorneys in general.

Patentable Subject Matter

Perhaps you have noticed that
I have not yet told you what is
patentable and what is not. This
has been intentional. I have
deferred that topic until now
because it leads us right into
computer programs and patentability,
my last topic.

Patents are supposed to promote
the useful arts. Therefore, patent-
able subject matter must be useful,
that is, capable of being used for
some purpose or function. An
abstract idea, such as a machine
for generating the sound of one
hand clapping, would not be useful.
So also, perpetual motion machines
are said not to meet the utility
requirement. Anything that simply
will not work, that purports to
defy the laws of physics or chemistry
may run afoul of the utility
requirement.

Assuming that the subject
matter is new and useful, it must
fall within one of the four cate-
gories of process, machine, article
of manufacture or composition of
matter.

Process means method and pat-
ents for processes may be concerned
with methods for making chemicals,
forming articles, and making measure-
ments or calculations with electrical
signals.

The difference between a
machine and an article of manufacture
is that a machine is said to have an
inherent law of internal operation
whereas an article does not.

Another claimed distinction is that
a machine has moving parts whereas
an article does not, but this
second criterion breaks down with-
personal computers which have
sophisticated rules of internal
Operation but no moving parts
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(except perhaps the cooling fan
for the power transformer).

A composition includes mix-
tures of matter and also compounds.
Chemical patent applications are
subject to special rules and are
drafted a little differently than
are mechanical and electrical
applications. There is a great
deal of overlap in such areas of
electrochemistry as the process
of fabricating large scale integrated
circuits on monolithic silicon
wafers.

So the four classes of patent-
able subject matter are process,
machine, article and compositions
of matter. Here are some subjects
that have been held not to be
patentable: mere arrangement of
printed matter, articles naturally
occurring which are unaltered,
methods of doing business and
accounting; and, of most import-
ance to us, the last one is scien-
tific principles, including
mathematics and algorithms, which
brings me directly and inescapably
to the patentability of computer
programs.

Patentability of Computer Programs
Pure mathematics has tradi-

tionally been characterized as a

part of the liberal arts and

philosophy. It has been held by

our U.S. Supreme Courtll that a

pure mathematical formula or al-

gorithm is not patentable because

a patent would wholly pre-empt the

mathematical formula. In practical

effect the patent would cover the

algorithm itself, and deprive all

but the patent owner of the right

to apply the algorithm to any

problem in any technology. In the

case to which I refer the algorithm

was a pure algorithm; it had to

do with the conversion of binary

coded decimal numbers into pure

binary numbers. Its application

was said to be entirely abstract,

it operated only upon numbers per

se and was not applied to any

physical envircnment or phenomenon.

This case, Gottschalk v. Benson,

decided in 1972, has been interpreted

by lower courts as well as commentators

as being a very limited decision --
which is that computer programs
involving algorithms which do nothing
more than process numbers without

any relationship to or impact
upon the physical world, are not
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patentable. On the other hand,
the Patent Office has interpreted
this case much more broadly. The
present Patent Office position
appears to be that if the formula or
algorithm is the only thing new or
novel, then what is involved is a
non-patentable mental step, even
though the algorithm is claimed
to operate upon something in the
physical universe. The analogy
that the Patent Office used in
recent papers filed with the
United States Supreme Court
in urging it to review a lower
court's decision was as follows:
"It is as if respondent
[patent applicant] were
trying to patent the Pythagorean
Theorem as a part of a method,
by adding a final step that
suggested applying the solution
of the equation to surveying.
Such a last step is not an
integral part of a new inven-
tion, but rather the non-
inventive application of a
mathematical result to existing
technology; that fact is not
changed by the facile device
of so drafting a claim that
it places an abstract mathe-
matical algorithm within a
recitation of steps performing
conventional, existing technology."
So let me summarize my personal
opinion as to where we appear to be

~at the time of the writing of this

paper (early January 1978): (1) if
the only thing that is novel and
unobvious is an abstract algorithm
that is not applicable to the physi-
cal world -- no patent. (2) If the
novel algorithm is applied to the
physical world by operating within a
standard general purpose computer, the
Patent Office will likely hold that
it is unpatentable, but the Court of
Customs and Patent Appeals might re-
verse and grant the patent. (3) If
the novel software operates in con-
junction with novel hardware, then
the Patent Office may then grant a

. patent, assuming other conditions

for patentability are met.
One argument that is heard every
so often is that a unigue computer
program defines a unique computer
structure when loaded into the compu-
ter's program memory. And, literally
this is true. However, if this were
the case, then the program which con-
verted BCD to pure binary would have
been held patentable (which it was




not in the Benson case) because the
computer which that program defined
would have been unique. So, it
seems safer to look to physical
contact, manipulation or impact as
an indicator of patentability for
computer programs, at least at this
point.

From my experience and observa-
tions, it is my opinion that the
chances of obtaining a patent involwv-
ing a program are enhanced if one pur-
sures a strategy of emphasizing the
hardware and physical contact
aspécts of the invention, if pos-
sible. For example, if the pro-
gram resides in the read only memory
as firmware, then one might claim
a read only memory arranged to define
the novel algorithm -- this way you
claim physical structure, not a
mental step, and hopefully maybe
you can avoid a rejection by the
examiner that the claim is non-
patentable subject matter.

One cannot mention protection
of software without noting that it
is a subject matter which is copy-
rightable. Whether the copyright
law provides adequate protection is
a matter of great national debate.
Remember, we have already noted that
copyright only protects against copy-
ing of the expression of an idea, not
the idea itself. For more informa-
tion regarding copyrightability. of
software programs, I refer you again
to Ken Widelitz' presentation.l4

Conclusion
In presenting this paper I
am reminded of a definition I once

heard for an expert. It has been
said that an expert is like the
bottom half of a double boiler --
it puts out all the steam, but it
really does not know what's cooking.
Those of us who work with patents
sometimes find ourselves generating
a lot of hot air without really
knowing whether those warm air currents
have any utility. I hope you have
profited from this presentation.
Today we have discussed the
need for our patent and copyright
laws to foster and promote the pro-
gress of science and useful arts by
protecting authors and inventors in
giving them exclusive rights to
their works for limited periods of
time. We have noted that for inven-
tions to be patentable they must be not
only novel, but also unobvious to the
ordinarily skilled worker in the
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technology. We have noted that a
patent requires the‘inventor to
exchange a full disclosure of the
invention in exchange.for the 17

year exclusive right to exclude
others from making, selling or using
the invention, as claimed. We have
illustrated the disclosure require-
ment by looking at parts of Intel's
patent for a four bit bidirectional
data bus microcomputer. And, finally,
we b~ve noted the problems confronting
us in the troublesome area of the
patentability of software.

It has been my experience that
electrical engineers and technicians
tend to be skeptical about patents
for such things as computers. I
often hear, well, you can't patent
Ohm's law, and that, of course, is
true. But the development of ele-
gant unobvious hardware and hardware-
software combinations may be appro-
priate subjects for patents. Here-
tofore, the personal computer industry
as a fledgling industry has not been
faced with the need to deal with
patents and the patent system. With
the popular press projecting annual
sales in the personal computing
industry to riach 1.5 billion dol-
lars by 1985, > it is apparent that
this industry will come into contact
with patents on a more frequent
basis.

Let me leave you with some
figures that I think prove my point.
Intel, for example, has about 30 com-
puter related patents, Hewlett-
Packard has about 200 patents on
computer/calculators, and the IBM
Corporation has over 9,000 U.S.
patents now in force and effect,
covering a broad spectrum of sub-
jects from typewriter ink composi-
tions to large scale computer
architectures.l® As a company grows
in size, apparently so does its
patent portfolio.

We have just
the possibilities
puting. But what I am waiting for
and would love to see invented, is
a truly personal computer, one that
interfaced directly with my brain.l7
Then, theoretically, I could perform
complex mathematics, compose symphonies,
translate languages and hopefully
advance the state of humanity. This
is one of my hopes and speculations
for the future of personal computing
and it is people like you that possibly
will come up with an invention to bring
it into reality. Thank you for your
attention.

begun to glimpse
for personal com-
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-The Copyright Laws, Title
17, United States Code; The Patent
Laws, Title 35, United States Code

2Bureka! An Illustrated History
of Inventions from the Wheel to the
Computer, Holt, Rinehart & Winston
(¢) 1974, pp. 24, 39.

3u.S. Pat. No. 174,465,
issued March 7, 1876 to A.G.
Bell.

4Information kindly supplied by
the Patent Department of AT&T.

SBurroughs Corporation,
Digital Computer Principles, 2d.Ed.
McGraw Hill, 1969, page 94.
Eureka! An Illustrated History

of Inventions from the Wheel to the

Computer, supra Fn 2, p. 231.
K. ngpegut, JL., Player Piano,
Dell Ed., (c) 1952, page 17.

8see, e.g., U.S. Patent No.
3,924,265, issued December 2, 1975
to Rogers for "Low Capacitance V-
Groove MOS NOR Gate and Method of
Manufacture."
SUnited States Patent Office,
Office of Information Services.
101biqg.
1llGottschalk, Acting Commis-
sioner of Patents v. Benson, 409 U.S.
63 (1972).
12parker, Acting Commissioner
of Patents v. Flook, No. 77-642,
filed Nov. 2, 1977, Petition for
Certiorari from In re Flook, 559 F.2d
21 (CCPA 1977).
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13The Report of the Software Sub-

committee to the National Commission
on New Technological Uses of Copyrighte
Works, issued in June, 1977, opine§
that copyright is the most appropriate
form of protection for software pro-
grams and proposes changes to Section
117 of the New Copyright Act. A
dissent by John Hersey argued that
since a computer program was.only )
operable as part of a computing machine
it did not belong in the category of
copyrightable subject matter and
proposed a new special law for the
protection of software, a'so-called
Computer Software Protection Act, sug-
gesting a 10 year period of protection
for software.

l4gee Ken Widelitz' Legal/Busi-
ness Forum column in the November 1977
issue of KILOBAUD, Page l4. For an
excellent legal discussion on the
overall subject, see "Computer Program-
ming and Patent Law," American Patent
Law Association Quarterly Journal, Vol.
V., No. 1, 1977.

15y.s. News & World Report, Nov.
21, 1977, page 77.

léInformation kindly supplied by
Patent departments of Intel, Hewlett-
Packard and IBM, respectively.

17prof. Carl Sagan suggests this
in his currently popular book The Dra-
gons of Eden, Speculations on the Ori-
gins of Human Intelligence, Random
House, 1977, page 205.
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ABSTRACT

Copyright and Software:

Some Pirilosophical and Practical Considerations

by Kerneth S. lidelitz, Attorney at Law

10960 kilshire Boulevard, Suite 1504, Los Angeles, CA (£13) 477-3067

At the present time the National Commission on
New Technological Uses of Copyrighted Works (CONTU)
is working on a report which will recomnend the ran-
ner in which a Copyright Law should be niodified in
order toc protect computer programs. The committee's
latest repcrt, issued in June, 1677 is available
from CONTU, Washington, D. C. 205%, telephone
(z02) 557-0956.

The latest COHTU report discusses the three
currently available vehicles for protection of com-
puter programs, narely, copyright, patent and trade
secrecy. As the report states, "...copyright is
designed itu protect the expression of ideas while
patent's purpose is to protect what are cenerally
understood to be inventions -- in a sense the ideas
themselves." Patents, on the other hand, protect in-
ventions which rmust be useful, novel and not obvious
with those familiar with the related technology.
Trade secrecy involves the dissemination of informa-
ticn pursuant tc contractual acreenents by the terms
of which the party receiving the information pro-
nwises nct to reveal it to anyone else.

Philosophiically speaking, issues raised in dis-
cussing whether software should be protected Ly co-
pyright involved the use of analogies in which the
stateient "computer progrars or ncre or less like..."
are nave. The question becones, is a coiputer pro-
gram a writing and/or a mechanical-device, Uther
“pliilosophical™ issues are when is a copy of a cou-
puter program made? Lhen it is loaded into mercry
or wher it is duniped onto tape or hara copy. Another
issue involved is when is a program based on a pre-
vious progran a derivative work. That is, an author
of a Look written in English has the exclusive right
to translate it into french (read BASIC for Enclish,
CUBCL for french?)

The Copyricht Act of 157¢

The Copyright act of 197¢ became effective Jan-
uary 1, 1978. Section 117 of that Act specifically
stated that it did not change the rights of an au-

‘copyrighted.

thor of a computer progran as such rights
existed under the old Taw. COGNTU, in its
report, recoirendsa new Section 117. how-
ever, niany of the new provisicns of the
Copyright Act do currently effect computer
progrars.

The new Copyright law makes the terw
of copyright equal to the 1ife of the author
plus fifty years. The new law alsc makes
the concept of "putlication" Tess important.
The new law also defines when a vork is
"created", vihen a "copy" is wade and what
constitutes "a work nade for hire."

Under the Copyright Act an author has
the right to do any of the following: (1)
to reproduce the copyrighted work in copies;
(2) to prepare derivatsorks based upun the
copyrightec works; (3) to distribute copies
of the copyrighted work to the public by
sale or other transfer of ownership, or Ly
rental, lease or lending. Each of these
rights are independe..t of one ancther so
that any one may be retained wniie any other
is sold or transferred.

The question as to what constitutes &
derivative work is cne of the tougliest that
computer prograrmers will face. It nust
first be understood that copyright protec-
tion does not extend to any idea, procedure,
process, methed of operation or concept.
Copyright protection extends only to the ex-
pression of ideas, not the ideas themselves.
Cf course, some ideas, concepts, procedures
or processes are so basically fundamental
that copyright does not protect an explana-
tion of them. For example, scuie sorting
routines are so basic that they cannot be
However, i a series of basic
routines are put together so as to accon-
plish a specific task, that prugram is
subject to copyright.

Ir order to obtain copyright protec-

copyright 1977 Kenneth S. Widelitz
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tiot, there are certain procedural technicalities.
These are notice, deposit and registration. !lo-
tice requirenents are simple. They consist of a

C in a circle, the words copyright or the abbrevi-
ation copr.; the year of the first publication ard
the name of the copyrigiit owner (i.e., Copyright,
1978, by Kenneth S. Widelitz.) [here are rules
relating to where the notice nust appear, depend-
ing upon the type of work to be ccpyrighted. The
Copyright law also requires that materials which
are copyrighted be deposited with the Library of
Congress. There are exceptions if the Library of
Congress does not desire specific material. FKe-
gistration with the Registrar of Copyrights is a
prerequisite to the bringing of a law suit for

the infringement of copyrigit.

Another consideration is the Doctrine of Fair
Use. Fair use embodies that notion that a rea-
sonable portion of a copyrighted work may be re-
produced without the permission of an author for
a legitinate purpose. The doctrine is most often
applied to teachers who have xeroxed materials
for distribution to students for educational pur-
poses,
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BECOMING A SUCCESSFUL WRITER ABOUT COMPUTERS
Ted Lewis

Every author of a successful book knows the essential ingredients of a
"best seller", whether it be a loreat American novel' or a book about computers.

First, the author must have something to say. This concept is often over-
looked by an anxious novice eager to get his/her words in print. Yet,Aunless
there is value in your words, the book or article will be uéeless. In computing
there are many ideas and concepts that need to be clearly and concisely stated.
Unfortunately, books on computing tend to be re-hashes of the same old concepts
and ideas inherited from the first 25 years cof computing. The microprocessor

revolution has changed many of the ideas and motivations in computing. Tt is

this change that may prompt you to write. If so, be sure to take a fresh and

innovative approach.

The second essential imgredient to good writing is style. Clearly written
books are as valuable as clearly coded programs. Everyone has a unique style,
but as authors we owe it to our readers to suppress nonsensical idiosyncrasies
and "in" human. Perhaps one of the most difficult tasks for an author of
computer books is to avoid use of mnemonics, clever "huzzwords', and trite .
phrases.

Style also contributes to a book by forcing a structure on the writing.
Chapters are the modules of a book; sections are subprocedures, and paragraphs
are equivalent to control structures. Thus, a good book has a clean structure.

Style also means the book is organized iﬁto a sequence of increasingly
complex topics. Initially, a ground-level introduction is used to familiarize
the reader with important concepts used later. Don't include material that is

minor. Do include material that wiil help the reader understand later concepts.
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A final suggested ingredient in good writing is timing. A "good" book is

not always a "good selling" book. The reason is timing. Computer books have a

"life" of roughly 3 years. Furthermore, it may take 2 years to produce the book

in the first place. This means the:author must Jook into the future to see what
will be viable and may be of interest to the future computing commumity before
starting a new book. An author must be a prophet of things to come.

Predicting the future of personal computing is almost impossible. Therefore,
writing is a risky business. For example, two years ago a wise writer should
have expected a decline in hit building, and a rise in turnkey business systems
and disk files.’ Today, there are several trends leading to "successful" topics
for authors of 198G books.

The foregoing suggests three fundamentai concepts of writing a good hook.
There are many other aspects of writing not covered here. For example, the
author-publisher relationship, how to locate a publisher, how Lo promote an idea,
etc. All of these factors contribute to the success_(or'failure) of a writer.

Nonetheless,  the place to start a writing career is with 1) something of

value to say,.-2) a polished.style, and 3} a topic 2 years-ahead of itself. .
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WRITING A USER'S GUIDE

Douglas J. Mecham
Hughes Aircraft Company, P.O. Box 3310, Fullerton, California 92634

Abstract

Programmers write neat programs that they
sharc with others; thus, there is a need to write
useful user guides, From the user’s standpoint he
needs an easy and simple guideline to be success-
ful. While this documentation task may seem
difficult, the programmer writing the user's docu-
mentation for his program can also be a success
easily and simply. The easy and simple approach
is to learn a few easy thought processes. This
presentation deals with eight major considerations
in writing the user's guide,

Your use of microcomputers has revolu-
tionized the world., No longer is a highly trained
specialist required to use a computer, By virtue
of your attendance at the Computer Faire you are
sharing with others your experiences. These facts
require you to comrmunicate your ideas, How well
do you do that? If you have to describe in writing
how to use your neat program, how well do you
communicate? The best idea in the world is not
worth much unless it is cormmumicated and used;
in other words, your knowledge is worthless if it
is not commumicated; furthermore, your intelli-
gence of that knowledge is not credited unless your
ideas are used effectively.

The reason we should be concerned about
the details of documentation is because we need to
cormmmunicate information in writing about our
ideas. This is important now because this is the
decade of the user. More people, non-computer
oriented people, have direct access to computer
systems, These users do not tolerate the way the
system wants to operate but want to dictate to the
system how they wish it to operate. Good user
documentation is the key to effective use of a
computer system. This paper will provide some
useful] ideas to generate good user documentation.

To provide perspective of where user
documentation fits consider the three parts of a
computer system:

Hardware

Software

Peopleware.

It is within the category of Peopleware that docu-
mentation falls. The objective of the user
documentation is to break down the barrier between
the real user and the computer system hardware
and software.
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Written information is a personal thing
specifically designed for particular situations;
however, there are several aspects of it that can be
identified. This paper discusses these aspects; in
surmmary they are:

WHO- -understand the user’s thought process

SIMPLICITY --keep it simple

FORGIVENESS--~make recovery easy

EXAMPLES--use plenty of meaningful

examples

DETAILS-~sink the details

RETRIEVAL--provide easy access

PERSPECTIVE--keep the user point of

view at all times
APPEARANCE - -it must look nice to read
well,
Remember the primary objective of the user infor-
mation is to make the user successful, easily and
simply within his time/dollar constraints. End
users are very impatient about time and money,

Who

Consider who the user/reader is. The
usual frame of reference for a writer is his own
thoughts but for a user document the frame of
reference must be the user. You need to determine
the user's psychological profile and understand his
thought processes. This is not so difficult since
you are well aware of how you think as a user of
other peoples’ software, The type of information
presentation a user expects when reading a user
document can be determined by choice of form,
format, and vocabulary.

First, look at what information the user
needs to perform his task. The capabilities of the
software should easily define the parameters in-
volved. Not all the information may be required
for all users so the user document must present
different amounts of information to meet each
individual's requirement to complete his task
successfully, Certainly there is a minimum amount
of information necessary; this of course is the
simple path. Then there is an average amount of
information required; this would be the normal path
a user would follow. There are always those
complex tasks that require the user to need the
maximum amount of information. Aside from these
different paths, the most necessary set of user
information needed is when an error or problem
occurs.
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Second, once the different sets of informa-
tion have been determined they must be ordered in
some manner, This implies a sequence of events,
Again, this determination is a function of what the
user needs; that is, the sequence of events as the
user perceives them. An easy way to determine
the sequence of events is to ask yourself "What is
the first element of information the user needs, "
"what is the second element of information the user
needs, " and so on. Do not fall into the trap of
providing too much information on the account of
"what if;" consider only the critical information
necessary. The user does not want to wade through
superfluous information. The user document is not
a design specification document and as such the
flow of information in the document is by user task,
not by technical item commonality or logic.

One of the user viewpoints often left out is
describing what the user cannot do. Remember the
user's perception of what he expects the software
to do may not coincide with what the software can
do. The user most likely will attempt to do what
he thinks he can do with the software, or what he
thinks he should be able to do with the software.
Assume very little and leave little to the imagina-
tion of the user.

How ever you plan your approach to meet
the above criteria you need to plan what information
is needed, the information flow, and the information
grouping. There is nothing that says that all
information groups must be mutually exclusive; do
not be afraid to replicate elements of information
within several groups. The sequence is important
to the user. The information should be in such a
sequence to accommodate the novice or student
(simple), the experienced user (average), and the
computer systems nut (complex),

Notice that the real information needs are

- based on what the user wants, not on what you think -

he needs. It must be kept in mind that the user
requires only that information necessary to get him
to the next step to complete his task. An incredible
erroneous concept in data processing is that user
documents should define all their technical terms
in the front of the document. Then...they expect
the reader to remember and understand them for
the duration. If you need to define a particular
word then define it when you first use it in a mean-
ingful context. Do not be afraid to redefine it later;
most technical readers have a short memory so
why make it difficult for them.

For any good user document the first
paragraph should indicate:

Who should use the document,

Why he would want to use the document, and

How to use the document (conventions and

organization).

This way the user may readily find the information
he requires without going through useless material,
The user document is usually a reference type
document, not a novel.
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Vocabulary is a sore point with data
processing persons, or for that matter persons in
any other technical field, The reason for this is
because "it is obvious what a term means."” Un-
fortunately, the reader cannot always rely on
context to figure out the meaning of a word. Con-
sider the home computer user or any other non-
data processing professional coming in direct
contact with the computer. The words chosen must
not let him think he is getting "computerese' all
over him, While some relish the acronym, jargon
is always hard to keep straight. Why not use words
that are easily recognizable by the user, Using a
meta-language (a specially-defined translation
language) is a NO-NO--spell it out!

Take, for example, the error message
ILLEGAL or FAILURE and consider the psycholo-
gical ramifications on a law-abiding successful
business man., The psychological impact of a user
touching the computer is great! At first the user is
afraid he will break something or "it" (the com-
puter) will "do something™ that will render him less
capable to carry on in his life, Or "it" will des-
troy everything he has worked hard to achieve.

The user may think the computer will violate his
sense of goodness, One purpose of the user’s
document is to put the user at ease and dispel any
such fears. Thus, the user's anthropomorphic
sensibilities are alleviated.

Simplicity

The basic rule is KEEP IT SIMPLE!
Whether the user is a sophomore or holds a PhD
his desire, or his ability, to read is small, All
the user wants to do is get his task completed,
simply and easily. Simplicity may be used at all
levels of user documentation. Technical infor-

mation tends to be complex, -whether it is-or-not, - -

All too often numerous concepts and parameters
are juggled before the user's eyes. A psychologist
once told me that a person can generally only
handle eight major items at once.

A user may understand sophisticated
vocabulary and complex concepts. But, each time
a user's thought process must make a translation
or complex transition the probability for loosing
information or concepts is significantly high.

What the user does not need is confusion. A sim-
ple example of this are references to octal or hexi-
decimal values instead of decimal values. As you
will see, simplicity also takes into consideration
who the user is.

One technique to keep a user document
simple is to take a "'storybook” approach, That is,
structure the information in a simple, straight-
forward, step-by-step manner. When organizing
the information choose a critical path for the user
to get his task completed whether it is simple,
average, or complex level. In order to meet the
"storybook" criterion sentences need to be simple.
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The "fog" factor of long sentences and large words
requires education beyond most users and consi-
derable translation., Remember that television is
geared for the ten year old and it is a very
successful communications media format,

If you should leave out information by
assuming that the user should know it, chances are
you will introduce confusion. Why make the user
think more than he has to; certainly user documen-
tation is not an examination. Why make it difficult
for even the most sophisticated user.

Vocabulary plays a role in simplicity. To
keep it simple use common words known to most
readers. ..like the English language. Computerese
and FORTRAN do not have commonly known voca-
bularies. If you do use common words chances are
you will relate to your reader and he will under-~
stand your concept, For instance, to explain data
base concepts use school information for an
example rather than nuclear power; most people can
relate to information about schools. While there
may be some particular vocabulary words required,
minimize their number. Why should a user learn a
whole new vocabulary just to do his simple task?

Another method of simplicity is to make the
wording tight (no extra verbage) but not terse.
Leave out computer-oriented words. The five cent
and ten cent words put together well are worth
more than a fifty cent word that does not fit. When
you choose the use of a particular word, be
consistent and don't use another word that means
the same thing or almost the same thing. This is
especially true when defining new terminology;
leave the word variety to the novelists. Consis-
tency makes simplicity.

Forgiveness

Naturally, if there is a way a mistake can be
made the user will find it. This is easily done
because the user performs his task the way his
memory tells him to, not the way the computer
memory wants him to,

When there is a conflict the computer sys-
tem should adapt to the user but this is usually not
the case. Therefore, it is the user's manual that
must make the computer system potable to the
user's way of thinking, in the user's terms. Hope-~
fully the computer system will forgive the user and
give him another chance. The user manual is for-
giving by discussing alternatives should a problem
surface, and by not leaving the user to guess what he
should do. Computer software usually relies on
the user manual to bail the user out of his problem
and put him on the right road to performing his
task. For example, just think of all the error
numbers you have seen as a result of a problem.
The user manual must define each error number
by a clear indication of what happened, what the
current situation is, and what to do about it,

Both the computer system and user's
document must allow for quick and easy recovery.
Normally, you will waste more than 50% of your
time guessing and testing your hypothesis as to
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why a problem occurred but a good user's docu-
ment can often cut this effort in half, The
vocabulary of the error messages must match the
vocabulary of the user document discussion.
Abbreviations and computerese are unwarranted.
Be kind to the user for he has problems.
The user cannot and does not want to distinguish
between errors (specifications violated), need for
document clarification, or design change require-
ments. The user only wants to get his task done
simply and easily. Unfortunately most vendors ask
the user to make this judgement when he has a
problem, -

Examples

The first item the user looks for in a user
document is an example. More specifically, an
example that most nearly matches his task. Even
when using the manual as a reference an example
will often be needed. Thus plenty of examples in the
user's document are most helpful,

Since the user is going to reference the
examples so often, several important characteristics
should be noted. First, the sequence of events
within an example must be very clear and you rmust
distinguish between what the user does and what the
computer/software does. To make the example
understood provide an explanation of the sequence
of events or results right along side. Since an
explanation does not leave the reader guessing;
be explicit, you know what you mean, so tell the
reader.

Examples should be simple, easy to follow,
and consistent throughout the user document,

Often times, considerable continuity may be
achieved by creating several examples around the
same topic matter. There is nothing wrong with
duplicating examples or portions of examples, It
is even desirable to build on a specific example
duplicating a previous example to illustrate a
sequence of events. This way the user can relate
the different examples. Examples are made simple
if the subjects are easily related to. For
instance, if file records were discussed, the use
of bank book account‘mri may be helpful since the
reader can identify with it.

There is no place for clever, funny, com-
plex, or wierd examples. These types only cause
confusion. Good examples represent the manner
in which most users would use the system,
Additionally, the examples described must have
been tested and work,

Finally, be careful of the symbology used in
examples so the reader can distinguish between
form, format, and literal requirements, For
instance, italics are often used for a "type” of
input such as name whereas upper case may in-
dicate literal information as in the case of ZIP=,
Specifying a carriage return is difficult so a Symbol
such as might be used since there is no sym-
bolic equivalent. Be careful of specifying literals/
strings in quote marks, not all systems expect the
user to enter the quote marks with a string value.
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For example, consider the message ENTER "YES”
or "NO"? Should the user enter the quote marks
too? If not, then leave them out,

The more examples you put in your user
document the better.

Details

The rule for detail description is to "sink”
it. In other words, do not get deeply involved in
beginning paragraphs of a user's document, save
in-depth discussion for last. Usually the user
needs only the straightforward simple information
to perform his task. Included in "details” are
complex and odd situations which are needed in a
small percentage of tasks. If too much detail is
required to perform the task, perhaps software
redesign should be considered.

In a user's document confront the user first
with the easiest and most useful alternatives. Such
an approach will minimize room for user problems
to develop. Once the user is a success with the
simple approach he is ready for more detailed
material. Be careful to mention how to use an
item as well as just a description of the item.
Bulky material such as tables or long lists should
not clutter up the text. Since such information is
rarely read from start to finish and used normally
for reference, move it to an appendix. Besides,
the appendix is easier to update than the middle of
a document.

How much detail should be put into a user
document? Rules of thumb are: enough to assist
the user in accomplishing "most" of his tasks and
enough to solve "most" of the user problems. The
detail material is where the user limitations, pit-
falls, and idiosyncracies are discussed. The

_.details are needed only after the user has become

a success easily and simply at least once.
Retrieval

If information is useful the user must have
easy access to it. The user document is primarily
used for reference, Thus, when a user has an
information need he thinks of an access point and
looks for that point in the user's document. Again,
what the user thinks may be different from your
point of view so consider several access points to
an element of information.

The user most likely will choose a word or
words related to the task he is doing. The user
will not likely select a word related to design or
organization of the software. The implication is
not only to index the user document information
by user task but to organize the document infor-
mmation by user task.

An alphabetical index is mandatorv in a
user document of any size. Often a multiple level
index is helpful so a user can reference a particular
word as it is related in different contexts. Per-
mutting words assists to cross reference material
where the index item is more than one word.
Likewise, there may be instances where pointers

WEST COAST COMPUTER FAIRE

122

("see Also") to other information may be useful to
a user tracking down information. Vocabulary
plays an important role in retrieval since not all
users and authors think of the same term to des-
cribe a function or other item of information;
thesaurus words are very helpful.

When considering the structure of a user
document, simple sentences, paragraphs, and
item lists are easy to access as opposed to long
paragraphical information. Furthermore, the lay-
out can be extremely helpful for physically retrie-
ving information, Some of the latter techniques
include shading of key words or syntax forms,
marking paragraphs with bullets/dots, drawing
rectangles around important information, or using
separate fonts such as italics or script as well as
bold face type, underlining, simple indentations,
and titles.

Tabulation techniques can take the form of
colored tabs with printing on them; such tab pages
can have summary user information on them for
easy access/reference, Simple inexpensive tabu-
lation may be achieved by putting black marks at the
edge of a page. Then when the edge of the docu-
ment is titled the appropriate section is found using
an index page in the front of the manual,

The need for easy and quick retrieval of
information in a user's document is mandatory
since all technical material is referenced after
being read. Not being able to easily and quickly
find information accounts for a significant amount
of a user's wasted time and frustration. The
attitude "it's all there...somewhere” is not helpful.
If 2 user has difficulty finding information he will
seek other software or computer systems.

Perspective

Often points of confusion develop when'a =
user loses track of who is doing what, when, and
where. For instance, when describing interactive
dialog it is important to indicate when the user is
to enter dialog and when the computer outputs
dialog, i.e. who's turn is it.  The relationship
between several software functions can be lost
through all the detail in each, thus a summary of
the functions showing or describing their relation-
ship is helpful to a user.

One technique to keep the perspective is to
ease the user from a more global concept and scope
in on the particular item to be discussed. Other
techniques include diagrams, outlines, pictures,
and hierachical structured paragraphs. Of
course, complete, but simple examples provide
good perspective with user related topics. Such
complete examples tie together many subtask con-
cepts so the user can see the big picture.

The user's primary concern is to perform
his task WITHOUT getting involved.

Appgara.nce

A useful restaurant adage is "if it looks
good it tastes good. " This also applies to a user’s
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document and I'll never have to eat my words, This
approach is done by all the big computer companies.
They publish great looking documents but all too often
once you get into it the user's document is little
better than useless. For example, one manufacturer
published a very pretty 300 page user's reference
manual without an alphabetical index but the system
sold well (boy! did the users ever complain),

Appearance is effected by the page layout
such as the spacing around and between paragraphs,
the type font such as script for "smooth" appearance
or bold for mandatory and easily recognizable items,
and page titles. Bold face font may be used to
emphasize key words, Round cornered heavy plastic
tabs are impressive though expensive. Even more
expensive is the art work done to illustrate and
diagram user information but it can appear most
effective. One of the most effective ways to create
a useful appearance is to use color; although it is
expensive. Colors have psychological effects on
users. For instance, the error description section
of a user manual might have a red tab, On the
other hand a tab for the index may be yellow while
the sections describing the user commands to
execute useful functions might be green. Along this
line, the printed page stock could be colored. The
appearance of colors dictates how the document
is to be used.

If the format appearance is done well a tech-
nical document, such as a camputer user's guide,
can increase comprehension. This is based on the
fact that most technically oriented people tend to
respond to ordered, sequenced, and logically
arranged material,

Technical Information Structure

The following is a guideline for structuring
written user information describing a subroutine,
program, subsystem, or computer system,

Paragraph 1. Tell why the user would want to use
this item of the system/software.

Paragraph 2. General form or format of this item.

Paragraph 3. What are the results of using the item,

Paragraph 4, Typical simple example with
explanation,

Paragraph 5. Simple description of the most
straightforward use of this item,

Paragraph 6. More detailed description of how to
use this item.

Paragraph 7. Discussion of problems, limitations,
and other pitfalls the user should
guard against. Discussion of what
to do if these problems should occur.

Paragraph 8. Description of special and more
complex uses of this item,

Wrap-up

You may well realize by now that these
documentation ideas for users also apply to many
technical documents, including program documen -
tation. By keeping these eight elementary concepts
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In your mind you too can be a success with good
user documentation easily and simply.

If we are really to meet a user's needs with
our computer systems shouldn't we write the user's
documentation before we do the design and develop-
ment of our software/systems?

! I the User:

—is looking for solutions

needs a reference

-normally uses this document
l-ha_s a complex task

finds a user problem

- has a special task

Then he will seek one of the

following levels
Why use

General form of the solution
Description of results
> Typical example
Simple description
Details
Problem and alternatives
Special uses
Different Needs Dictate Different Uses

e

—
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EDITING AND PUBLISHING A CLUB NEWSLETTER

Richard J. Nelson
Editor-Publisher PPC Journal

2541 W.

Santa Ana,

Introduction

The fact that you read the title above and
have gotten this far indicates that you would
like to do some writing, have some ideas to ex-
press, or are presently involved in writing, ed-
iting, or publishing. The material that follows
is an amateurs viewpoint, and the only justifi-
cation I have for writing this paper is a suc-
cessful newsletter(1). A newsletter is a fre-
quent, less formal method of publishing timely
information for a fairly narrow readership.
Newsletters are periodicals that offer fast re-
sponse compared to a magazine that is typeset
and requires three months or longer leadtime
from idea to print to reader. The Editor is re-
sponsible for the content of the newsletter and
the Publisher sees that the Editor's material is
reproduced and delivered. For amateur newslet-
ters the Editor and Publisher are often the same
person. This paper will provide an overview of
the task of editing and publishing a club news-
letter. Specific tried and successful techni-
ques will be included and some references provi-
ded. This paper is not intented to cover the
fields of graphic arts, technical writing, or
printing, which would require several books. You
should, however, be able to understand the prob-
lems and have a base from which to start a news-
letter if you are so inclined.

Should I Edit a Newsletter?

The motivation to become famous by circu-
lating reams of world shaking information is
within us all. In the real world, however, Edi-
tors seldom become famous, or even well liked.

A few do, but don't be misled into taking on an
editing task if you don't like hard work and
Tittle recognition. You should plan on at least
a year of editing if you are going to do it at
all. It takes that long to get into a produc-
tion mode and build a readership. Editors are
not necessarily writers; they often write the
material they produce, but they do not create
the material, except for the first few issues in
order to get started. There are exceptions, and
there are many successful newsletters (success-
ful here means profitable) which reflect the op-
inion of an Editor knowledgable in a specific
field. In the computer hobby field you will be

WEST COAST COMPUTER FAIRE

Camden Place
California 92704

spending your time stimulating, organizing, pre-
paring, and printing. Computers are technical
and you should have some technical or other ex-
perience, such as software or applications, to
?raw upon for deciding the content of the news-
etter.

In deciding if you should edit a newsletter
you should be notivated by a desire to serve a
cause, such as a club, or to make a contribution
to the field by providing needed information not
readily available to the intended reader. If
fame and fortune is your goal, don‘t take on a
club newsletter except as a training experience
for something more profitable later on. Be pre-
pared to work mostly alone and independently.
The mean time to burnout for your helpers will
be measured in weeks and seldom lasts longer than
two issues. If you haven't been too discouraged
so far, let's get into some specifics.

What Do I Publish?

A club newsletter will usually have some
specific goals, such as announcing meetings and
reporting on activities. Unless you are taking
over an existing publication that is well estab-
lished, you will generally have a great deal of
freedom on what type of material you publish.
Success, as defined in this paper, is having
more good material for each issue than space per-
mits, and having a continuous growth and demand
for what you produce. A club newsletter serving
a hobby readership must support itself in most
cases. You must provide material that people
will read. In the United States we have struc-
tured our communications media in such a manner
that we try to make it easy for the reader. News-
letters can't waste space with wide margins,
large type, and profuse illustrations. News-
letters usually have a small readership and 1it-
tle advertising. If the material in the news-
letter is not needed (technical) or interesting
(well written and illustrated), it will not be
read. Deciding on what to publish is what makes
an Editor successful.

‘The first task is to identify the purpose of

the newsletter. If the club is dedicated to
computerized chess, the newsletter style and
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content will be different than if the club is
dedicated to small business systems. The chess
enthusiast is interested in a very specific, very
technical subject involving great detail. The
business system user will be interested in the
system and what other people are doing with it.
Most club newsletters are of the latter type,

and one of the keys to success is to recognize
the people aspect of a highly technical activity.
For a computer club newsletter it is inappropri-
ate to get too involved with non-technical top-
ics outside of club social activities. Topics
involving religion, social reform, etc., should
be included only if the computer plays a role,
and the people involved are recognized in their
field or are part of the club membership. The
decision of what to publish should involve a sim-
ple formula or mix. Various categories can be
made; they will usually include:

club activities

human interest/applications articles
feature technical articles

reporting of events, products, news, etc.

Cow>

Club activities will include meeting ann-
ouncements, programs, officer changes, or any
jtem concerning the club that the reader should
know about. This information, Tike all infor-
mation in the newsletter, should be easily found
by using a format common to all issues. Format
and organization will be discussed later.

Human interest and applications articles
should involve club members if at all possible.
Computers are interesting, but people using com-
puters _are more interesting. A newsletter is
ed above with the business system example. A
construction or assembly article is much more
interesting if Mary Ann describes her own ex-
periences along with the useful technical de-
tails the article provides. This encourages the

reader to get involved, because he or she relates

to Mary Ann. How other people are using their
machines, or the justifications they made for
buying their machines, are topics that readers
will want to know about.
will require special effort on the part of the
Editor to encourage, nurture, and coax into
print.

Feature technical articles will form the
real backbone of the newsletter. You will have
to know who is doing what in the club to draw
upon the members technical expertise. As Editor
you may have to write the article after getting
the information from the actual source.
son providing information gets the by-line, not
you. The Editor rarely signs his name to arti-
cles even if he creates and writes the material.
The reader can assume that all material that is
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These types of articles

The per-
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not from a specifically acknowledged source has
probably been prepared by the Editor, or staff

writer (not too common with club newsletters).

Few authors will wish to remain anonymous.

Events, products, news, etc., requires that
the Editor be well read in the many publications
related to the newsletter topic. Scanning 30 to
40 publications a month for useful material for
this category is not uncommon for an Editor.
These publications may be freebees, or traded
for being on your mailing list. If your news-
Tetter is successful and contributes ideas, other
Editors will want to exchange publications.

What Format Shall I Use?

The format of a newsletter, as the term is
used here, is the layout of the material on the
page. Margins, number of columns, typesetting,
headings, and use of character size, upper and
lower case, etc. A newsletter could be printed
on a microdot, or it may be a simple page-wide
column typewritten piece. Neither of these two
extremes are recommended. Avoid special type
styles, and DO NOT USE ALL UPPER CASE for text.
It is unfortunate that most computer printers
are not designed for human beings to read, but
this is changing as computer and peripheral manu
facturers realize that computers process text and
the output should be readable by humans. If pos-
sible, type the text and use computer printed
material for program listings and tables. The
tradeoff is, of course, readability versus ac-
curacy.

The choice of a format will depend on what
equipment-is-available to-you;-how much-informa-
tion you want to squeeze onto a page and, to'some
extent, the readership you hope will read the
newsletter. Gather at least a dozen different
newsletters and study them. Try to get as many
different kinds as you can. Look over the for-
mats and observe the following:

a. how wide are the margins?

b. how many columns?

c. is typesetting used?

d. what type styles are used?

e. 1is colored paper used?

f. what kind of illustrations are used?

g. how many, what percentage of space, for pho-
tos?

h. are the pages bound (folded) or single
sheets?

i. is it three-hole punched?
j. what is the content, and readership of the

newsletter?

As you study various newsletters and answer
the above questions you will be able to get a
'feel' for the type of format that you will want
to use. Here are my recommendations:
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Use a two-column format as a compromise in
paste-up convenience and readability. Do not
right-justify; most studies show that right-jus-
tification slows down the reader and, unless you
are trying to make an 'image' of being a so-
called, high quality piece, the extra production
effort detracts from subject content. Reduce
standard typewritten (10 or 12 Characters per
inch) produced text to achieve at least 1,200 to
1,500 words per page. Start page numbering from
Page 1 which is also the front cover. Leave a
wider Teft margin on odd-pages and right margin
on even-pages for binding or hole punching. Make
top and bottom margins equal. Place page num-
ber, newsletter name or lTogo, volume and issue or
date, on each and every page. This should be
standard practice for everything printed today
because of readily available photocopying. Most
people want to know the source of useful infor-
mation and each page copied should have that in-
formation.

Masthead. At the top of Page 1 of each
newsletter you will see the name and other infor-
mation relavent to the newsletter. The masthead
may be a simple name or it may be an elaborate
design. The following information may be part
of the masthead:

publication name

short description or explanation of the sub-
Ject, scope, or purpose of the newsletter
LOGO

issue identification by date, volume, issue
cost

copyright symbol

Do W N
DAY .

Time. The readers time may not be an ob-
vious consideration in choosing a format. A
technical publication is usually read twice;
initially, and later as a reference to obtain a
specific part of the information. The layout and
format, and especially the titles and illustra-
tions, should be chosen carefully for descrip-
tive accuracy and visual association. The effec-
tiveness of the newsletter as a reference is di-
rectly in the hands of the Editor. Time is also
saved by utilizing the reader's familiarity with
the newsletter. A newsletter that is consistent
from issue to issue is easier to produce and
read if a formal format is established.

Formal Format. Write down a sketch of the
layout that will define your format. Keep it
handy so you may use it when you assemble the
newsletter. The mechanics of the newsletter
should be clearly defined and executed as a mat-
ter of habit so you can be concentrating on the
details of the content. As Editor/Publisher you
may often have to be proofreader, illustrator,
artist, etc. Once you prepare your formal lay-
out you won't have to think about margins, lines
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per inch, column width, reductions, etc. A typ-
ical layout is shown in Appendix A. The figure
shows the paste-up page and its dimensions along
with the print columns and margins. The formal
format should include the specifications for the
nawsletter and the paste-up. Reductions may be
chosen as those used on the Xerox 7000. Reduc-
tions #2 or 3 are good. #3 is especially prac-
tical because the back of unusued, 132-column
computer printout sheets (11"x14") make good
paste-up sheets. The #5 reduction (61.5% of ori
ginal) is the limit that any reader will toler-
ate and should be well justified before using.
Most will find the print too small for casual
reading.

Preparing the Text. After all of the above
preparations have been made, the actual news-
letter can be started. The many aspects of wri-
ting cannot be covered here except to provide a
not-so-obvious truism; you learn to write by
writing. The mechanics of getting from idea to
typed text varies considerably from the Editor
who only has pen and paper to the Editor who
writes, edits, and types his copy. Unless you
are an excellent speller, have someone else read
your copy before starting the cut and paste
stage.

Typing. The ideal typewriter is the IBM
Correcting Selectric. The advantages of being
able to use different type elements (balls)
gives you a little more freedom in being able to
express complex technical ideas in written form.
The newsletter material is single-spaced and
typed the column width as defined by the format
specifications. This means that a single column
typed on 84"x11" sheet will fit with space in
the margins for notes. Column length can be
thought of as continuous from beginning to end.
If you make a major error and wish to retype a
single 1line or more, Just make a notation in the
margin to cut out during the paste-up stage.

Masthead. Your masthead will be the same
for each issue except for Page 1 text and date,
volume, number, etc. I suggest that you prepare
a master page with all the material that won't
change from issue to issue, and print 100 copies
This page will serve as a special paste-up sheet
for Page 1. This method insures a consistent
print quality for your image-masthead. The idea
approach is to prepare a paste-up sized master
and print 100 copies of it for Page 1. The lar-
ger sized plates and press required to do this
makes the cost beyond the normal club resources.

Photographs. Photographs cannot be used as
originals for making plates for a printer to
print. Printing involves putting ink on paper.
There is only white paper and black ink. There
A photograph has

is no gray or shades of black'
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many shades of gray and must be screened to pro- It is not practical to type directly on the
vide a photograph (positive) that is made up of paste-up sheet even if you have a wide carriage
black dots that are either touching (black) or  typewriter. The common practice is to cut and
further apart (appears as gray) to give the ap- paste the material to the paste-up sheet. Rubbe
pearance of shades of white to black. The size cement is often used but I do not recommend that
and spacing of the dots control the detail of you use it. The best method is to use a hand
the printed image. If the dots are small and waxer, or Scotch #810 tape. :

close together, a higher resolution (number of
lines distinguishable per inch) is possible. For
low cost printing, especially paper plates, pho-
tographs should be screened 65 or 85 lines. If
you take the photographs, or print them yourself,
you should make them a Tittle on the 1ight side.
Mount them on a piece of cardboard and take them
to a graphics arts studio that will screen the
photos with a 65 or 85 line screen. Ask for a
screened positive. The originals will be re-
turned to you so you can return them to the au-
thor. Photographs are easy to include in the
newsletter, and once you have found a quality
source for the screening, you should have some
photos in every issue.

Paste-Up Techniques. The equipment used to
perform the newsletter paste-up is described 1in
the following section. You have typed your arti-
cles in the column widths as determined by your
format, and are ready to start your paste-up.
Commercial paste-up sheets are available from
printers or Graphic Arts suppliers. They will
have 1ight blue lines that serve as guides to
attach the prepared typed text. You may not be
able to find ones to suit your needs and will
have to improvise. If a 77% reduction is used,
11x14" computer sheets work fine. Cuff off the
holes at the end and prepare a stack for a years
use. Add your column guidelines by using a 1ight

. blue pencil and a cardboard template that has
If your screened photograph is a Kodak PMT  ,touts and a block of wood for a handle. The

and you save your paste-ups for reprints at a side margins will not be equal, so mark the top
later time, I suggest you wash them if your gra- of the template ODD PAGE with the wide margin at
phics arts studio does not. @f they are not the left; turn the template 1809 and mark the
washed, they may turn yellow in a few months. top EVEN PAGE with the wide margin to the right.
Simply place the prints in the full bathroom You may mark all pages the same way and rotate
sink and slqwly run cold water to rinse them them as you use them, or you may mark each page
Forhlo-]s minutes. Pull out, place on the 0 or E in sequence. The latter method takes
sathroom mirror and use a clean window squeegee onger, but helps prevent errors if a non-reduced
Eg reﬂove ixcgss water from both sides, and page is used. Use one system and be consistent.

en hang to dry. The idea is to establish a system for the first
issue and have the mechanics follow the system
so you can concentrate on composing the page.

The Paste-Up. If the newsletter page is to
. be reduced, the camera (or_ Xerox) copy must be .
larger. Forhexamp1e, this paper was prepared on
a paste-up sheet with page size 10.24" x 13.25" ;
which, when reduced topsg% of paste-up is 8%"x11" ged text is cut by'papercutter ! recommend feav-
Don' . : 2 *ing about 1/16" white space on each side of the
on't get confused with the ratios; professionals . ,J,mn. This allows the printer to be able to

work in picas, etc. Havi j i - . . ;
P , et aving an engineering back remove any shadow if he is using an electro-

ground I simply use a ruler maked off in tenths . iatic plate maker. If you reduce your paste-up

of an inch and use a calculator. Two factors ;
X on a Xerox machine, I suggest you place a soft,
should be noted on your formal format sheets; one tpick, white ink blotter, larger than your paste-

%0 dezermi:e paste-up size from news1gtter size up sheet, on top of it. Press on the Xerox rub-
]g;ia er t ag one), and one to determine news-  pap cover to keep the paste-up sheet as close to
Tﬁe :gb?;2§e1gami??s§:-uz S‘iﬁ (1e§s than 9"9)' the glass as possible - the ink blotter paper
The two f ustrates the relationships. (or dozen sheets of newspaper) helps distribute
rhi ngoxaggggsr;gﬁcg$g;p;gc?1s ofd?ach other. the pressure to keep the whole sheet flat. This
S used: will reduce the shadows that may be picked up by
the non-parallel light source in the machine.

-The paste-up--sheet-will be reduced by Xerox.
or camera by the printer. When a column of ty-

A useful technique for cutting the typed

- - 7 7 text with a papercutter is to place a large whi te
‘Pg:gztup Re%ug$1on ?:ltﬁgagfr ?gltlgllgtupsheet of paper on the table under the blade. This
Paste-Up letter Size size reflects overhead light, and your hand placed
above the text being cut provides a light con-
11"x14" 77% 0.77 1.30 trast that shows a shadow of the bottom edge of
_ the papercutter. A precise cut can be made using
Table 1. Paste-Up vs Newsietter Page Sizes this technigue. A single line of type can be
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removed without difficulty. An Xacto knife is
useful, but the papercutter method'is faster and
easier.

Attaching the cut text or photos to the
paste-up sheet may also be done using a small
sliver of Scotch Magic Tape #810. Using a tape
dispenser, a pair of scissors, and tweezers, cut
the tape as follows: pull tape out 2", cut 1/16"
off the end to remove the jagged edge made by
the previous cut of the dispenser. Hold the
'floating' end of the tape with the tweezers.
Cut a 1/8" length with the scissors. Hold with
tweezers and tape the photo, etc., to the paste-
up sheet. This small amount of tape won't be a
problem for the plate maker (larger pieces will
reflect too much Tight), and using the tweezers
to s1ip under the 'pasted' material it is easy
to move if required.

Using a hand waxer is the best way to assem-
ble a newsletter. The paste-up sheet may be
waxed, but it is best to wax the material being
laid down on the paste-up sheet. A stack of
newspapers, cut in half to reduce table space,
makes a good work area to roll the waxer over
the text, etc. (upside-down). The newspaper
is discarded once there is wax on it to avoid
the disaster of getting wax on the text side of
the paper.

Equipment. Preparing a newsletter requires
some basic equipment which is essential if you
expect to survive even one year. The first piece
of equipment you should have is a large, good
quality papercutter. Spend the $20 to $35 to
get one that has at least a 12" blade. Next is
that marvelous gadget - the waxer (2). A waxer
is a small roller with a heated reservoir of hot
wax which rolls a 2" wide layer of a special
sticky wax over anything. The paper sticks be-
cause the wax has a sticky characteristic that
holds paper to paper when a small roller is used
to press the sheets together. Tweezers (Clauss
#AA), Xacto knife, and large 18" ruler with 1/10"
scale are important tools for an Editor doing
his own paste-ups.

Printing.

Acceptable, Tow cost printing can be found
in most larger cities. Southern California, es-
pecially the Los Angeles-Orange County area,
seems to offer the lowest cost printing in the
U.S. One hundred copies of an, original costs
$2.12, tax included. Two, hundred copies, $3.18.
This offset printing ‘process uses an electro-
static process té make a paper plate. Check with -
local printers to see what is available. Visit
their shops and see what equipment they have. If
you reduce your paste-ups free on a friendly em-
ployers Xerox 7000, you will have a continuous
problem of varying quality. Usually the printer
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has a camera capable of handling most paste-up
sizes and he will make the plate from the paste-
up. I want a permanent file master and pay $2.0(
per page for a reduced PMT positive print for
each page. The printer makes his plates from
the PMT. This has the additional advantage of
beirg able to add full size titles waxed to the
PMT to give larger headings, etc. It does add
an extra day to the production process.

There are many methods of producing the many
copies required to mail or distribute to your
readers. Offset printing is best, Xeroxing or
other photocopying methods, such as the 3M or
Savin copier, may be used to obtain two-sided
copies. Offset printing is Tower in cost and
provides better quality than photocopying. Ask
the photocopy shop if they have a price and ser-
vices list. Examine it - most 1ikely it is
printed: I once experimented with an issue re-
produced on a Xerox 9200; the newsletter was 32
pages and I had 2,000 copies run. The pricing
was a little higher than printing; delivery time
about the same for collated sets. Quality, how-
ever, was inconsistent and I never went back.

My friendly printer gives me his odd sheets (the
‘extras' a printer prints to insure having e-
nough printed properly on both sides) which make
useful material for correspondence, paste-ups,
etc.

Collating.

Most printers will collate your newsletter

for an extra charge. If the newsletter is a
club effort, you can do the collating at the
same time you prepare the newsletter for mail-
ing. A bookshelf makes a good collating device,
or a homemade collator can be made. Cut slots
for 9%"x11%" sheet metal shelves, 1" apart, for
a small 'bookshelf' 9" wide. The height of the
collator can be about 18" for a 16-shelf capa-
city. The horizontal sheet metal shelves can
be s1id into their slots 2" for the bottom, 3"
for the next, etc., going up. Five to sevgn,
sheets can be collated with about 100 sheet§ per
shelf capacity. A wet sponge moistens the index
finger to pull the sheets out, and a quick col-
lation of 300 sets 6f a 14-page newsletter can
be done jn-an hour.

Printing the first page of the newsletter a
different color gives it character and allows
many issues to be stacked for storage and easy
separation later.

One of the biggest problems is the mailing
list and production of labels. I suggest the
following scheme to maintain the mailing Tist
and produce the proper labels for each mailing.

BOX 1579, PALO ALTO CA 94302




‘Assign each member/subscriber a sequential num-
ber. Type his name, number, and address in three
or four Tines centered on an Avery label sheet,
#5351, intended for Xerox copies. Write the
mgmber's expiration date in pencil on the lower
right part of the label. The 5351 label sheet
has 33 1"x2-3/4" labels stuck to a waxed sheet.
Resgrve the upper-right label for a large number
to identify the sheet. When mailing time arrives
scan each sheet to find expired members. Peel
off their label and place on the back of the
sheet. Take your box of master labels to a Xerox
machine and have them duplicated onto another

set of 5351 labels. Peel and stick the dupli-
cate set to envelopes or self-mailer newsletters
at a rate of 450-500 per hour. When a member
renews, place his Tlabel back on the front.
Changes are easily made. Do not make copies in
advance; things change too fast. A mailing list
of 3,000 has proven no problem in maintaining in
this manner.

Another scheme that has worked with older,
sTower photocopiers, is to photocopy Page 1 which
is also a self-mailer and contains the address
information. The mailing 1ist is typed on a
Tength of adding machine tape with convenient
spacing. Two slits are made in the original
placed on the photocopier window. After each
copy the tape is pulled through the two slits to
show the next address. The sequential numbering
of the names allows a quick check that the list
was complete. Both methods have been used with
success - never does a member not get an issue
mailed to him. The Post Office may lose it, but
you have one addressed to him each issue.

~ Avoid sticking stamps if possible. It is a
chore because the managers of our postal system
have no concept of providing stamps in convenient

form. Rolls are reasonable for various forms of
mechanization, and go fast manually. Sheet
stamps can be stacked five to ten in a stack,
stapled at one edge, and cut into strips on the
papercutter, leaving the whole sheet still atta-
ched (for counting and control) with the cut
stopping %" from the end. Tear off one stack
strip at a time and apply using a sponge. The
problem is that usually the required amount of
postage is not a single stamp in roll form.
Foreign postage requires extra time, so allow
your extra charges to cover this expense. Send
First Class to insure delivery -- remember, a
newsletter is timely. Foreign is sent Air Mail-
Other Article - and requires a non-sealed clasp
envelope.

Obtain a mailing permit if you qualify. A
mailing machine is OK if your club doesn't have
to buy and maintain it. Mailing permit informa-
tion, and mailing costs for various classes of
mail, is very difficult to get from the Post Of-
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fice, but give it a good try. Go to a Main Post
Office after calling to make arrangements to talk
to someone who handles business accounts. The
usual window teller cannot help you much. Per-
mits are reasonable in cost and allow you to
print a cancelled logo on the envelope. Most
newsletters are marked FIRST CLASS, dated mater-
jal, and mailed with a permit.

Finances.

The club usually finances the newsletter.
Costs for a year's operation are very predic-
table if a fixed issue size, including attach-
ments (such as a member 1list, index, etc.),is
determined. Allow 20 or 30 issues for Editors
exchange and overprint enough for those special
packages of back issues an Editor will want to
swap with other Editors. You should not have to
worry about finances or getting checks to pay
the printer. If you do your planning properly
before your first issue is printed, you will
save considerable time and frustration. Printing
costs, label, envelope, and assembly costs will
be small compared to mailing costs. Allow for
supplies such as tape, rub-on labels, liquid
paper, black pens, and blue pencils. Typing can
be professionally done without financial diffi-
culty if your mailing list is several hundred.
Do not take on a newsletter that can't support
itself. Advertisements will help, but for a
small operation it won't contribute much and are
essentially donations by local businesses.

Conclusion.

Editing and publishing a club newsletter

Most people have no concept how time consuming

it can be. The Editor will spend six to ten
hours per page per issue if he does not do the
typing, and his print density is 1,200 plus words
per page with illustrations and photographs. The
pressure of working to a deadline can be too
stressing for some people. It seems that you re-
lax a few days after crashing out the last issue,
then you realize that you are getting late for
the next one. Your reward for taking on the

task must be self-fulfillment of getting good
technical information to your readers and the
pride of doing each issue a bit better than the
previous one.

There are no special requirements or train-
ing that will make you into a good Editor. A
certain feel and interest in information gather-
ing and dissemination is required. Editing,
writing, and programming are similar; you really
don't know if your efforts will be successful
and rewarding until you try.

See bottom of Appendix page for footnotes.
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APPENDIX A - FORMAL FORMAT 77%
Paste-up sheet layout

1 (.77)

MASTHEAD AREA

v

Column is 53 characters HEADING
across @ 12 char./in. T
This is 8.8 words per £0.9" (.69)

column. (6 char/word)
Column length is 12 in.
Six Tines/in is 72 lines.
Words per column is "
72 x 8.8 = 634. Words ] '?'(539)
per page is 1,268. :

Note: Typeset text has (11)
variable spacing and an
average must be used if
a comparison is made.

T Tt 7T

1" (.77)

0dd page and front page, even page rotate 180°.
Note: Numbers in parenthesis ( ) are newsletter page dimensions.

This layout uses the reduction shown in table 1 of the text. It is a good
place to start if you are doing your first newsletter. It is effecient in
that 1200 words per page is still in a type size that is readable by most
people. Make notes to formalize your layout to insuure a consistant newsletter.

is nearly 2,000. PPC members contribute

Footnotes. $15 per year for the programs, programming
. techniques, applications, and hardware modi-
(1) The newsletter is the PPC Journal, formerly fications information published in the PPC
called 65 NOTES, a monthly publication of  Journal.

PPC, formerly called the HP-65 USERS CLUB.

PPC is a dedidated Personal Programmers 2) Write Paste-Up Supply. 1113 Wal
Club for Hewlett-Packard Personal Program- (2) San gabrie], galgggrﬁga 917763 ?g%3§t£§§f’

mable Calculators. PPC Journal readership 4610, for information on waxers and supplies
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DEUS EX MACHINA
o
The True Computerist

by

r

Tom Pittman
P.O.Box 23189

Several years ago, when the idea of a personal computer was still
only a gleam in my eye, | made an observation about my work as a
computer programmer. | suppose the same thoughts have occurred
in the minds of painters, sculptors, composers and other artists
down tnhrough the ages. | perceived that | was giving existence to
something which had not existed before — | was creating ex nihifo,
out of nothing. To be sure, most of the programs | wrote were mere
copies or adaptations of other programs, and nothing new in
themselves. And,thetaxmanto the contrary, there was no tangible
substance to the work of my hands. But every once ina while | could
stand back and look on my work and say, "See what | made!"

| do not wish to quibble at this point with those who claim that
nothing is truly a creation. As | said, most of the programs | write
are merely copies or adaptations of some other programs. | am not
talking about those. Nor do I particularly wish to quarrel with
pehaviorists or social biologists who reduce every activity of Man to
the effects of his environment or his genes. What | am getting at
here is the particular feeling that only comes with knowing you have
created something new. It is not quite the same as the feeling an
expert technician gets in his craft, the sense of doing a job well. |
have felt that often, and | continue to take a certain pride (if you will
pardon my immodesty) in the high technical quality of my work.

There is a difference between the technician and the artist. The
technician is building to an existing pattern or plan; the artist is
making a new plan. The technician has a standard by which to

‘measure his work; “the artist—is his own standard -~ Of the

technician's work you can say "He did {or he did not) meet the
requirements of the specifications”; of the artist's work you can only
say "Ahhh!" or "Yecch!"

| wish the boundary between the technician and the artist were
that clear—cut. It is seldom so. what the artist creates is, whether
ne likes it or not, subject to technical criteria. If he is painting a
portrait or a landscape, you can apply the purely technical
judgements to it of whether or not it adequately conveys an image of
the subject. You can even determine if the paints have been mixed
correctly, or if they are likely to deteriorate and change color with
age. |s the perspective and lighting believable? Into this technical
fabric, however, is woven the art, the quality that makes Dlirer great
and Cranach so-so.

I am a programmer, nat a painter. It is much harder to see the
"art" ina computer program. Donald Knuth sees it and the title of
his monumental work on pragramming is "The Art of Computer
Programming” [1]. | only hope nobody asks me to point to some
program and say "this is art, not technique." Perhaps | ama coward
and lack the fortitude to defend such an assertion. Perhaps there is
no defense and | dislike making indefensible assertions. No matter.
My point is that the assertion ¢an be made, and that it has meaning
(at least for most of us)

I raised the issue in connection with a certain feeling | got as |
reviewed my work, when | saw it as a creation. You see, in that
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instant | as a Christian thought | could feel something of the
satisfaction that God must have felt when He created the world:
"And God saw every thing that he had made, and, behold, it was very
good." [2] If manis, as Christians believe, created "in the image of
God" [3],then perhaps | had learned something about God. In this |
have a definite advantage over the painter and the composer: | can
create something that will interact with me, as man interacts with
God. Sofaritis a strictly intellectual interaction, and for the most
part very predictable — my creation does what | programmed it to
do, which is (usually) what | had intended. 1 consider my insight to be
only a pale reflection of the devine, but...

Yet in my relationship to the computer and to the programs |
write for it there is another dimension, wherein lies a very grave
danger. The danger isthat | will lose my sense of perspective, and
forget the relatlonship between God, myself, and the computer.

Theodore Nelson in his popular book Compater Lib, refers to a
computer priesthood." [4] By this he means that the computer
technology has built up around itself a kind of mystery religion or
gnosticism, with the computer professionals acting as the priests of
that religion. Gnostic religions in history have had a body of secret
knowledge (the word "gnostic" is derived from the Greek word for
"knowledge") which only the insiders have access to. Just from a
technical point of view this was, and continues to be, a very real
problem. The use of computers in our time requires such a heavy

- technotogical background-that-outsiders-are-tocked-outs

To be introduced into this computer gnosticism has, until only
recently, required skill with a soldering iron (not just "Which end is
hot?" but the proper way to apply solder to microelectronic circuits,
special soldering tools, etc.), understanding of how to read resistor
codes and the cryptic markings on integrated circuits, proper work
habits for protecting delicate MOS components from static
electricity, and the ability to decipher inadequate instructions and
third-generation xerox drawings. With a small but increasing
number of exceptions the novitiate computerist is required to know
(but is not given instruction in) binary, octal, and hexadecimal number
systems, machine language programming, real-time 1/O control,
ASCIl code translation, and memory management. Unless he is
willing to remain in the outer circle playing games that someone eise
wrote, the new gnostic is compelled to learn a foreign language
something like L atin (BASIC) and be able to construct inthat language
esoteric hymns called Loops, Subroutines, Conditionals,
Assignments, Input/Output and Data statements. | can assure you
that the language requirement is not going to.disappear for many
years. We may get new languages, but that will only mean that the
insider must know more, not less.

Until the advent of personal computers in 1975, Computerism was
successfully restricted to the elect who went through the necessary
training and were employed in the computer departments of those
corpor ations, educational and government institutions rich enough to
be able to affordthem. It was a closed society. With the advent of

BOX 1579, PALO ALTO CA 94302




the truly personal computer the ranks have been opened up to admit
something over 100,000 new converts, but the careful observer will
notice that it is still a closed society. The outsider is not really given
much reason or help to join. Almost all of the mmagazine articles are
directed to intermediates, not beginners. There are a very few
books aimed at the novice (but not the totally uninitiated!), but they
tend to get lost in the vast majority of books for the more
sophisticated. By contrast,the number of Christian books aimed at

the novice and uninitiated far exceeds those that require a significant

background in theology. Computerismis still a closed society, though
much larger than it was five years ago.

So far | have been talking only about the phenomena of gnostic
computerism, the appearances of the society. There is a deeper
level that is much more serious. It is where we, the practitioners of
this arcane art, beginto believe as we act. when we actually come to
depend on the Computer to solve all our problems andto resolve even
the mysteries of life, we have taken the final step toward making the
Computer our god. At this level, opening up the secrets of
computerism to all comers makes no difference at all; whether the
Computer is a gnostic god or an evangelistic god is of little
consequence, because we are talking about individual attitudes
towards the machine. That is you and me, not "us" or “them."
Institutions are formed from the aggregate of individual attitudes
and beliefs.

Before | get into what the Computerist believes, let me say
something about the nature of belief. All of us prefer honesty over
deceit (at least in the other person), kindness over malice (when all
other things are equal), and so on. In the words of mMammy Y okum,
"Good is better than evil, because it's nicer." [5] But when it gets
down to cases, with two of you out on the raft in the middle of the
Pacific and food for two days, the choice of who eats the food and
who dies of starvation depends on what you really believe. Or closer
to home, it's rush hour and you are late to work; there is a long line
of cars behind yours and you come to an intersection where a little
oldlady wants to cross the street you are on. This is where belief
affects our lives. Your faith — your religion, if you will — is what
makes the decision when it could go either way, but for different
reasons. Notice here that | am not using the term "religion" to mean
the religious institutions of society. Many of these function only as
social institutions with little or no effect on the lives of the
adherents. Instead | use the definition that equates religion with
whatever is foremost in a person's thoughts and actions. In this
sense everyone has a religion: some of us are Christians. Others
are Egoists, "Moneyists", Scientists, Marxists, Sexists or
Computerists. The focus of our attention is our god.

So what is it that the pious Computerist believes? which way will
his decisions go, when it gets down to the crunch? Let me list a few
“articles of faith" that affect the every day life of the practicing
Computerist:

1. The computer is more interesting than most people. | love to
spend time with my computer. It is fun to write programs for it, to
play games on it, and to build new parts for it. It is fascinating to try
tofigure out what part of the program it is in by the way the lights
flicker or the radio buzzes. It beats dull conversation any day.

2. Itis most important to be sure the computer is properly taken
care of. When it finishes its present task, | must drop everything
and go start up its next task, or turn off the disk drives to save wear
andtear on the moving parts. If there is a power failure, first go
shut down the peripherals (save the disk, turn off the paper tape
punch, etc.), then come back and get a candle to fight up the house.

3. The computer will be a big benefit in all kinds of ways. It is
not connected up yet, but "soon" it will contrcl the sprinklers, serve
as a fire/burglar alarm, maintain the Christmas card mailing list,
control the stereo tape deck, monitor the central heating, maintain
the inventory in the pantry, provide menu planning, remind us of
important dates, write form letters to people we don't like, educate
our children, and so on. The key concept is that all these things are
in the very near future. The computer has not yet fulfilled these
promises, but it will very shortly now.

4. The computer needs just a little more (memory) (speed) (disk
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space) (peripherals) (fidelity in its cassette drive) (better BASIC)
(newer CPU) (noise suppression on the bus) (debugging on this
program) (powerful editor) (bigger power supply) before it can do this
or that.

5. The computer can make money for us on the side, and
eventually it will pay for itself.

6. Spending all this time on my personal computer will give me job
-kills that wili improve my wage-earning ability and make me eligible
for a promotion.

7. The computer can be used inthe company business to improve
profitability.

8. Thereis no needto buy this software package or that circuit
board; | can design one better.

9. Let's arrange our next vacation to coincide with the Computer
Faire. Wow! what a way to spend a vacation! Then we can swing by
these manufacturers and/or these stores and see the latest widgits.

10. To stay ontop of thefieldit is necessary to subscribe to all
five of the "Good" computer magazines. The other six are merely
repetitious or uninspired or are beholden to their advertisers; they
are not worth the subscription price. But when a good one comes sit
down immediately and do not get up until I've gone through the whole
magazine.

11. Never miss a club meeting. This is where it's at. The juicy
little news bits, the how-to-fixits for the problem that has been
bugging me for the last two weeks, hearing about the interesting
things that | can do with my computer — that is the real thing!
Besides, they might have some free software.

12, Visit the local computer store at least once a week. They
are always getting new hardware in, and sometimes you can pick up
some good rumors or a new book. You never know when you might
bump into an Interesting Person at the store.

None of these claims, by themselves, are particularly wrong or
indicative of misdirection. But taken as a whole, they reflect an
attitude that the computer is, in Paul Tillich's words, "the ultimate
concern." [6] The computer becomes the object of one's devotion,
the provider of one's needs. The computer has become the Absolute,
the godinone's life. it is the work of our hands and the image of our
minds; are we going to let it become the Lord of our lives?

I would like to take exception to some of the "articles of faith"
listed above. | have been there and | know the attitudes behind them.
But | also know what is wrong ‘with some of them.

1. Clearly the computer is a fascinating device. Its complexities
are overwhelming, | said this at the beginning, and | do not deny it
now. But being the product of our own imagination, the computer
probably cannot exceed our own intelligence. It may be faster and
more accurate. It may do some things (like play chess) better
because of this greater speed and accuracy, but it can never give us
trueinterraction on a human level. | realize | am going out on a limb
in saying this; roboticists will gladly point to claims that humans
would never leave the surface of the earth. Those claims were
obviously wrong; | may be wrong also. But | can point to the
difference between a technician and an artist with which | began this
essay: We may be able to build robot technicians, but not robot
artists. In any case it is unlikely to happen in your or my lifetime.
The computer is a toot, and we should recognize it as such.

2. The computer is a delicate machine and as such it requires
care and maintenance. It is relatively expensive {today) and abusing
it is not economically reasonable. But it is still 2 machine; it is not as
important as any human being.

3. The computer is capable of many kinds of benefits. But
honestly now, how many of those things do you think you will actually
get your computer to do? How many people do you know or have you
heard of whose computer actually does those things, or even just
some of them? Have you considered the transducers and mechanical
linkages required to give the computer a meaningful selection over
your music collection? Do you have any notion of the software effort
needed to implement a computerized calendar or heating control (1
mean beyond what is more easily done without a computer)? Have
You ever stopped to think how much manual effort is required to
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maintain a computerized pantry inventory? Have you considered the
massive data entry requirement to build a data base for a decent
menu planner? If educators and computer professionals working
with large government grants cannot make much headway in
Computer Assisted Instruction, are you going to master it in your
spare time? Don't get me wrong. Many of these things are practical
goals for computer implementation, but most of us, working on it as a
hobby, will not get very many of these exciting applications working
in any meaningful way.

4. Inthe microcosm, the need for a little more of this or that for
the computer seems very reasonable. A few years ago the Sunday
supplement of some newspaper reported a survey on the money
wishes in America. The result was that the average American
would be happy if he or she had $13.21 more. Parkinson's Law holds
that expenditures will always meet or exceed income. The same law
applies to computer memory, speed, peripherals, and so on.

5. Several of the magazines are touting the economic rewards
potential in the personal computer. They are wrong. Suppose you
did get a little extra money on the side computing bowling handicaps.
what is to stop the local bowling alley from seeing the profit potential
and buying their own computer? Maybe you will sell a neat game to a
national distributor, but how many others are pushing games to the
same distributors? Anyway, have ycu invented any neat games?
Obviously some computers pay for themselves (mine does), but far
more only promise to do so.

6. Right now thereis a shortage of people with microprocessor
experience. Five years ago there was a shortage of COBOL
programmers, but there is a glut now. People with drive and
dedication, who make themselves valuable to their company, have no
trouble finding work. People who stay up late nights on their own
projects and are too tired to give the boss an honest day's work, who
spend hours on the telephone ordering parts on the company bill for
their personal computers, will find trouble finding and holding any
kind of job.

7. Yes, computers have improved the profitability of some
companies. More often they have only promisedto do so. You do not
replace a bookkeeper with a computer; you give her a raise and call
her a computer operator. It is still some time before we will see
much business software available and usable.

8. This one is subtle. Of course you can design one better. The
computer is above all things an optimist's machine. But you won't.
You don't have the time to get aroundto it, or it seems to have some
problems when you do get it built: it never seems to work exactly the
way you planned.
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9-12. By now the computer has moved out of the den and into the
rest of your life. It will consume all of your spare time, and even
your vacation, if you let it. It will empty your wallet and tie up your
thoughts. It will drive away your family. Your friends will start to
think of you as a bore. And what for?

A few years ago | was doing some technical writing for a major
electronics firm, and | had described some control circuit in terms
such as, "the device provides such-and-such functions..." One of
the people assigned to review my work reprimanded me: "Only God
Iprovides', circuits just...” | can no longer recall the exact details of
the exchange, but | have not forgotten the message. God provides.
Electronic circuits in general, and computers in particular, are not
God; they provide nothing. They may be works of art, a beauty to
behold, but in the final analysis, they are tools and they perform
certain functions at our command. If we forget that computers are
only tools, perhaps we will also forget that people are not tools.
when we know who is God, we also know who we are, and what
computers are. In the words of the Second Commandment,

Thou shalt not make unto thee any graven image, or any
likeness of any thing that is in heaven above, or that is in the
earth beneath, or that is in the water under the earth: Thou
shalkt not bow down thyself to them, nor serve them: for | the
LORD thy God am a jealous God. [7]
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Abstract

Where are computers taking society?

Will industrial and business robots
lead to: .

Orwellian dictatorship?
Jeffersonian democracy?’

A new aristocracy based on robot
labor? :

Who will own these machines, and who
will control the economic wealth and
political power they will create?

The great challenge of the coming
industrial revolution will be to develop
an ecopomic system wherein prosperity can
be achieved without waste, affluence can
be made compatible with the limits to
growth, and personal freedom can be pre-
served and enhanced in a world where
most economic wealth is created by auto-
matic machines.

Peoples' Capitalism is a plan for
meeting this challenge. It is a formula
for a new economic order which might
best be described as Jeffersonian democ-
racy for the post-industrial era.

The details of this plan will be
described and a program for political
action will be presented whereby Peoples'
Capitalism could be introduced into any
country in the world by the year 2007.

Epilogue to Scarcity

These are revolutionary times.
Changes as profound as those resulting
from the invention of agriculture or the
domestication of wild animals are rushing
us toward a new world. The human race
is now poised on the brink of a new in-
dustrial revolution which will at least
equal, if not far exceed, the first in-
dustrial revolution in its impact on
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mankind. The first industrial revolu-
tion was based on the substitution of
mechanical energy for muscle power.
The next industrial revolution will be
based on the substitution of electronic
computers for the human brain in the
control of machines and industrial
processes.

From the beginning of human exis-
tence, mankind has lived under the
ancient biblical curse: "By the sweat
of thy face shalt thou eat bread, till
thou return unto the ground." Before
the invention of the steam engine,
virtually all economic wealth was
created by the physical labor of human
beings, assisted only by their domestic
animals.

The first industrial revolution
only partially lifted the ancient _
curse. Yet, even this partial reprieve
had profound consequences. In all .the
thousands of centuries prior to the
first industrial revolution, the human
race existed near the threshold of
survival, and every major civilization
was based on some form of slavery or
serfdom. Yet a mere two centuries
after the introduction of steam power
into the manufacturing process, slavery
has become little more than a distant
memory for the citizens of every major
country. Today, a large percentage of
the population of the world lives in
a manner which far surpasses the wild-
est utopian fantasies of former
generations.

There is good reason to believe
that the next industrial revolution
will change the history of the world
every bit as profoundly as the first.
The application of computers to the
control of industrial processes will
bring into being a new generation of
machines; machines which can not only
create wealth unassisted by human
beings, but which can even reproduce
themselves at continuously decreasing

BOX 1579, PALO ALTO CA 94302




costs. The potential long-run effects

of this event are twofold: First, it
will allow man to free himself from the
dehumanizing demands of mechanization.
The self-regulating capacity of computer-
controlled industries will render it un-
necessary for people to structure their

lives around daily employment in factories

and offices. The first industrial revol-
tion drew people away from the land and
concentrated them in urban industrial
communities. The robot revolution will
free human beings from the pressures and
congestion of urbanization and allow
them to choose their own lifestyles from
a much wider variety of possibilities.

Second, the introduction of the
computer into manufacturing has the
potential for removing material scarcity
from the agenda of critical human prob-
lems. The technical feasibility of fac-
tories and industries which can operate
unattended and reproduce their own essen-
tial components implies that manufactured
goods may eventually become as inexpen-
sive and unlimited by process complexity
as the products of biochemical mechanisms
in living organisms,
and flexibility of substitution between
materials and processes could render
currently projected shortages of fuel
and materials largely irrelevent to the
21st century.

Unfortunately, the present economic
system is not structured to deal with the
implications of a robot revolution.
average people can benefit from the un-
precedented potentials of the next
generation of industrial technology.
Quite to the contrary, under the present
economic system, the widespread deploy-

_ There presently exists no means by which

ment of automatic factories would threaten

jobs and undermine the financial secur-
ity of virtually every American family.

This book is an attempt to address
some of the fundamental problems of
income distribution and capital owner-
ship in a society where most of the goods
and services either are, or could be,
produced by machines rather than people.
It questions the adequacy of conventional
economics for the present, as well as
for the future. It argues that the pri-
mary cause of the recent economic crisis

is not a lack of resources or insufficient
wealth-producing capacity but an unrealis-

tic view of how wealth is created and an
outmoded system of incentives which does
not make use of what is available to
produce what is needed.
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Increased efficiency

I claim that, if we properly
utilized our scientific knowledge and
our industrial capacity, we could not
only overcome the present economic
crisis, but we could go on to elimi-
nate poverty altogether and guarantee
personal financial security to every
individual. Furthermore, this could
be done in a manner compatible with a
clean environment and an ecologically
balanced world.

The great challenge of the coming
industrial revolution will be the
development of an economic system
wherein prosperity can be achieved
without waste, affluence can be made
compatible with the limits to growth,
and personal freedom can be preserved
and enhanced in a world where most
wealth is created by automatic
machines. This paper is an attempt
to formulate a plan by which this
could be accomplished. The proposals
contained in the following paragraphs
might best be described as a formula
for Peoples' Capitalism, or as a
blue print for Jeffersonian Democracy
in a modern technological society.

Even the most casual observer of
what goes on in the average factory,
office, or construction project
cannot help but notice that most of
what is produced comes from machines
and not human labor. Scholarly
studies confirm this common sense
observation, showing that the over-
whelming percentage of productivity

“"jpcreases over the past two “hundred

years have resulted from technological
progress, not from harder work or
longer hours. Whether we like to
admit it or not, most of what we
have is produced by machines, not
people.

Does it not then seem odd that
more than two-thirds of our total
output is distributed as compensation
to labor? Might not such a large
discrepancy between how wealth is
created and how it is distributed
distort the entire structure of the
free market economy? Consider, for
example, that distributing the bene-
fits of two centuries of productivity
increases primarily through wages
and salaries has increased labor
costs so high that employers cannot
afford to hire workers even when
there are jobs which need doing.
Thus, we have massive unemployment
even while:
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*Cities need rebuilding,

*New sources of energy need to be
developed,

*Pollution control needs to be
expanded,

xBetter health care delivery needs
to be provided,

*The environment needs to be pro-
tected and services of every
kind need to be improved.

Yet no one can afford to hire people
to do these jobs.

On the other hand the lack of any
alternative to wages and salaries as a
source of income creates such strong pres-
sures for job security that:

*Waste is encouraged,

x*Featherbedding and restrictive
work rules are commonplace,

*Pollution is condoned,
*Obsolescence is planned,

*Mass advertising of trivia is
considered necessary,

xUnwise growth goes unchecked.

And much of what people get paid
for doing everyday in offices and factories
throughout this land could be eliminated
without affecting the production of goods
or services whatsoever.

Furthermore, even if make-work and
waste could succeed in producing "full
employment', there would still be millions
of Americans outside the wage and salary
income distribution channels. The em-
rloyable labor force makes up only about
40 percent of the population. Thus, even
though practically every business in the
country could easily expand production,
and would gladly do so if markets were
available, the lack of purchasing power
of people without jobs makes such expansion
impossible. The result is that our
enormous productive potential is never
fully applied to our clear and urgent
human needs.

Rising Expectations vs. Declining Resources

The two following charts show that
long-term gains in productivity are closely
correlated with investment. There is
little reason to doubt that this correla-
tion will continue into the future. 1In
fact, recent technological developments
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in computers and manufacturing tech-
nology suggest that mankind may be
on the threshold of a new industrial
revolution. Within two decades it

may be practical for computer-
controlled factories and robots to
produce virtually unlimited quantities
of manufactured goods, and to even
reproduce themselves at continuously
decreasing costs.
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Figure {V-4. What causes a nation’s productivity to grow? This chart shows
that countries with a high rate of investment have high productivity growth,
and vice versa. This implies that productivity growth is not serendipitous or
beyond human control. [nstead, it is the direct result of economic policies
which promote investments in naw technology and in more efficient plants
and equipment.
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Figure IV-5. Productivity (i.e., output per man-hour) is closely correlated
with the amount of sophisticated tools and capital equipment per worker.
The data shown here, together with that in Figure 1V-4 strongly imply that
U. S. productivity could be increased by increasing the capital investment
rate.

Investments in such technology al-
most certainly will produce major
productivity gains for many decades
to come.

BOX 1579, PALO ALTO CA 94302




Unfortunately, the present mech-
anisms for increasing investment in high
technology industries (such as tax credits
for big business) serve to increase the
already enormous concentration of wealth
and power in the hands of a few (A U.S.
Department of Commerce Survey of Current
Business report on stockownership in the
United States dated November 1974 states
that one percent of the families in the
U.S. owns over 50 percent of all stock
and that 5 percent of the families own

73.7 percent by value of all stock.), while

leaving the majority of the population
just as dependent on wages and salaries
as ever, Clearly robot factories will be
a direct threat to the economic security
of almost every American unless some al-
ternate means of investment financing

and income distribution can be found.

Peoples' Capitalism is a proposal
which addresses all of these issues simul-
taneously. It offers a simple, straight-
forward solution to each. Peoples'
Capitalism could be instituted in the
United States without any changes in our
constitutional form of government. 1In
fact, far from altering any of the funda-
mental principles upon which this country
was founded, this plan would revitalize
the free enterprise system, and realize
the ideals of Jeffersonian Democracy in
post-industrial America.

Specifically three new institutions
are proposed:

1. A National Mutual Fund (NMF)

"is suggested to finance capital investment

for increasing productivity in socially
beneficial industries. The NMF would be
a semiprivate profit-making investment
corporation which would be authorized by
Congress to borrow money from the Federal
Reserve System. It would use this money
to purchase stock from private industry

for the modernization of plants and machin-

ery and the introduction of advanced
computer-based automation. Profits from
these investments would be paid by the
NMF to the general public in the form of
dividends. By this means, the average
citizen would receive income from the
industrial sector of the economy quite
independently of employment in factories
and offices. Every adult citizen would
become a capitalist in the sense of de-
riving a substantial percentage of his or
her income from dividends paid on invested
capital.
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2. A Demand Regulation Policy
(DRP) would be instituted in parallel
with the NMF in order to provide
sufficient savings to offset NMF
investment spending. This would
prevent short-term demand-pull in-
flation. The DRP would withhold
income from consumers by mandatory
payroll deductions and convert it
into high-interest five-year savings
bonds. Deductions would be graduated
according to income (low-income
persons would have little withheld,
high-income more) and would be ad-
justed monthly according to a formula
based on the best available indicatox
for inflation. The DRP would allow
high rates of investment and the
accompanying high employment and high
production while preventing excess
demand from forcing prices upward.

3. A Federal Department of
Science and Technology is also sug-
gested to focus modern technology
more directly on problems relevant
to human needs.

Peoples' Capitalism is simple
in concept yet its implications are
truly breathtaking.

*It offers a solution to
recession and inflation
simultaneously.

Increased availability of

investment capital would get

the economy moving again.
--Inflation would .be..controlled.-

in the short run by DRP

savings, and over the long

run by increased productivity

resulting from higher rates

of investment.

xIt resolves the fundamental
conflict between economic
growth and environmental
preservation.

NMF dividends to individuals
would reduce the pressures for
jobs and growth at any cost.
Increased efficiency in pro-
duction would reduce waste

and provide the resources for
improved pollution control

and environmental conservation.

*It promises a degree of individ
ual freedom based on personal
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financial independence which is
unprecedented even among utopian
proposals.

Every adult citizen would possess
a personal source of independent
income. People would be econom-
ically free to live where they
wished and to work at what they
enjoyed,

%It offers a cure to poverty and
0ld age security without taxing
the rich to give to the poor.

NMF public dividends would be
generated by wealth producing
capital investments. The NMF
would be a profit-making, income-
producing investment corporation,
not a tax—-consuming welfare
program.

*It achieves economic equity with-
out destroying incentives to
individual excellence.

The NMF would distribute the
profits generated by high tech-
nology industry to everyone.
Persons with ambition could
afford to develop their talents,
and society would be able, with
clear conscience, to reward its

high achievers.
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*It opens up an entirely new
road to economic development
for emerging nations which
completely by-passes the
social dislocations of clas-
sical industrialization.

In developing nations, Peoples
Capitalism could finance
automated industries and
robot factories which would
pay dividends to farmers and
villagers directly. Economic
development would be achieved
without converting the rural
population into industrial
workers or concentrating them
in congested urban areas.

PEOPLES' CAPITALISM: The Economics
of the Robot Revolution is published
by NEW WORLD BOOKS

Kensington, MD 20795

$3.95 paperback
It is distributed by:
ADVANCED TECHNOLOGY RESEARCH ASSOCIATES

P.O0. Box 456
Minneapolis, Minnesota

55440
and
MARKETLINE SYSTEMS

2337 Philmont Avenue
Huntington Valley, Pennsylvania 19006
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THOUGHTS OF THE PROSPECTS FOR AUTOMATED INTSLLIGENCE

by Dennis Reinhardt

DAIR Computer Systems
870 Garland Dr.
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SUMMARY

Some of the technical problems involved

in producing a small computer with the
hardware capacity of the human brain
are explored, Starting with assumptions
differing by two orders of magnitude
concerning the capacity of the brain
and by 29% for the long term growth

rate in semiconductor chip density,

it is hypothesized that the technology
for manufacture of a chip or small systenm
having the hardware capacity of the
human brain can be projected for the
period 26-48 years from now,

THE BRAIN

The measure which is most useful
in comparing the capacity of the human
brain with the capacity of the computer
is information content, measured in
bits or bytes, As more architectural
information emerges from brain research,
other more useful measures might be
suggested, Carl Sagan (1977), quoting

-gata from the work of Britten-and-Davidson - -

(1969) has placed the information content
of the human brain at 10**13 bits(1),
Isaac Asimov (1963) placed the figure

at 10**15 bits(2). Using the definition
that 8 bits is 1 byte, we obtain estimates
for brain capacity of 1,2*10#*12 to
1,2*10%*14 Bytes (abbreviated "B"),

Since most personal computer
systems have 4,096 to 65,536 B of high
speed memory with 16 3834 B being typical,
we estimate the capacity difference
between the two, to be 7,6*10**7 to
7.6%10%%9,

Thus, one measure of the hardware
gap between the human brain and a personal
computer suggests it 1s impossible to
ever achleve equality., Marllyn Ferguson,

writing about discoveries in brain research,

states: "A computer sophisticated enough
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"... I have always discovered after the fact that, if anything, we didn't plan big enough.
I did not forsee the size of General Motors ..."
- Alfred P. Sloan, Jr.

to handle the functions of a single
brain's ten billion cells would more
than cover the face of the earth."(3)
While such a computer would be massive,
it is not true that the surface of the
earth would be covered., A 3330 ]
type disc contains approximately 300 MB
of data and occupies about 2+ sq.
meters, after allowance for access
space, ’at & cost in the area of $50,000,
Thus, a 1,2*10**12 B system would need
15000 (1) disc drives and might occupy
8,000+ sq. meters (80,000 sq. ft.) and
cost over $200 million. More exotic
technologies permit cost and space require-
ments to be reduced substantially,

Without pursuing the issue of
todays hardware cost any further, when
might this kind of configuration reach
a persanal computer size, contained
on an integrated circuit or small packaged
system? The human brain has been evolving
for millions of years while the computer
has existed for only a few decades.
Considering the enormous capacity gap

- between the-two,as measured by

the ratio of their byte storage capa.city,
what are the prospects for evolution
of the computer over the next few decades?

HARDWARE

It has been the semiconductor
industry which has paced the state of
the art in computer technology with

the development of increasingly complex
circuits on a single integrated circuit
chip, The chairman of Intel Corp.,
Robert N. Noyce, has said that ...

the number of components per circuit

in the most advanced integrated circuits
has doubled every year since 1959, when
the planar transistor was developed.”
If we were to extrapolate this rate

of growth forward in time, we would
have a low estimate of when "brain®
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hardware could be produced. To do this,

we solve:

DaxN = 7.6*1d¢*7

for N to obtain a value for N of 26
Yyears, Thus, 4f the miniaturization
trends of the last 18 years continue

for another 26 years, semiconductor
technology could be at the point where
personal computers with a hardware
capacity equal to the human brain in
terms of number of bits could be produced,

Turning to another source, the
chairman of Texas Instruments, Mark
Shepherd, Jr., has presented data which
exhibits a growth rate closer to 60%

per year rather than 100% (5) and extrapolates

his data forward for the next 20 vears,
If we use the 60% growth figure and

the higher value for the ratio of brain
capacity to today's personal compnter,
we can project a high figure by solving:

1.6%*s = 7,6%10%%9

for S, to obtain a high value of 48
years. In other words, we obtain a

range of estimates for the brain computer
of 26-48 years, depending upon growth
rates in semiconductor complexity and
brain capacity used for the caleulation,

This range estimate is also subject
to the caveat that the growth in complexity
might slow or halt altogether, depending
upon technical problems relating to
ultimate physical limits, market resistance
to processor chips which are software
incompatible with previous generations,
or escalating cost of the new production

facilities,

Also, neither of our quoted

sources extrapolated the data as far

as we have,

Determination of the required
word size is another hardware problem
which would need to be solved, The expression
for the word size using our 1,2%10%%12
Byte brain size is seen to be
In(1,2%10%*12) /In(2) = 40,1 bits, Evaluating
the larger brain size yields a figure
of 46.8 bits, Thus, about 40 to 47 bits

minimum are

needed to duplicate the

addressing within the human brain,
The implication for the brain computer
is that it have a 64 bit, or similar

instruetion

word length sinece there

would be extra bits required in the
instruction word for opcode , address
At present, the standard

mode, ete,

WEST COAST COMPUTER FAIRE

141

for the personal computer market

is the 8 bit processor. The 16 bit
processor probably has no more than

10% of the market, Shepherd had predicted
the 128 KB 32 bit microprocessor for

the mid 1980's, If such processors become
available at that time, it is likely

that boards or board sets with that capability
could be introduced sooner since the
microprocessor chip can be developed
independently of the memory,

SOFTWARE

If indeed the hardware problems
can be solved, how would the software
for a.computer of this capacity be developed?
Using standard estimating techniques
and assuming that those 1.2%10%*12 B
in the "brain® computer are produced
by programmers working at an average
productivity of 100 = 1000 instructions
(64 bit word) per month (6), we find
that between 12 million and 120 million
man-years of programmer effort are required
By way of comparison, the emergence
of man on this planet is thought to
have occurred less than 10 million years
ago. Even worse, other studies suggest
that programming effort rises exponentially
with the size of the programming problem
with an exponent of 1.5 (7).

We are forced to conelude that a
"brain® computer will never be
programmed in this fashion, Given this
conclusion, what relaxation of assumptions
makes it conceivable? Certainly, one
way it could be done is if we relax
the assumption that all 1.2%10%*12 B
have to be programmed in by a programmer,
For example, if the programmer were able
to specify the first 3*10%**€ B and the
computer learned the rest on its own, then
we have reduced the task several orders
of magnitude. Probably none of us knows
the number of bytes required for a computer
to be able to organize almost all of the
information coming into it without programmer
modification over a period of years. None
of us will know until someone does it,

Even sealing the problem down to
3*10%*%6 B gives software development time
ostimates between 31 and 310 man-years,

At present, continuous speech recognition
systems require 4,5+10%*5 to 9*10**5 B, (9)
and are running only on fairly large computers
such as the PDP-10, An overall estimate of
3*10+#6 B implies that continuous speech
recognition is about 1044 of the entire
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job in a brain computer.
one knows,

But again, no

It might be argued that we have
unnecessarily concentrated on programmer
entry of algorithms when the bulk of the
brain information might be made up of the
ndata base™, This might be the erucial
distinction between our view of automated
intelligence and the state of the art in
present software systems, In present
practice, the "data base" is operated upon
statically by the computer system. It
makes no difference to the algorithms over
time what the range of data entered is, how
often it is entered, or its source, One
unchanging computation fits all cases until
the programming staff makes another release.
We forsee an intelligent system modifying
its behavior based upon the data it ex-
periences, This means that the fundamental
algorithms used in processing must be
capable of evolution under the control of
the computer itself, Part of the evolution

can be controlled by the software manufacturer,

but much of it must be local to the machine
and its owner in order that the computer
remain intelligent within its surroundings.

Within the "hobby" subculture of the

personal computer market, software development

takes place outside the confines of an indi-
vidual's organizational affiliation, Often
there is more creativity exhiblted on one's
own work than in the work done for an
.employer. Furthermore, there seem to exist
methods with lag times Yof 36 months for
transmitting software through most of the
hobby market. With an estimated 50,000+
systems sold and somewhat less actually
operating, there exists a large pool of
people who could participate in developing

a "brain" computer,
true by some in the personal computer

industry that it leads other, more established
segments of the computer industry in terms of

accomplished imnovation, It seems likely
that progress will be made in the process of
automating the intelligence acquired by man
and that significant contributions can
potentially come from the hobbylsts in the
personal computer market., Already some
products have been introduced which automate
some human like functions with modest memory
requirements of 8,000-48,000 B, Examples
are isolated word discrimination (9) and
computer controlled speech (10). As this
industry comes to understand how to im-
plement functions coneisely, the enormous
software cost estimates for developing a
computer brain can be lowered closer to
practicality,
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“Sagan.

It is already considered

IMPLICATIONS

Having considered some of the hardware
and software development problems to be
solved in developing the brain computer,
let us raise an issue suggested by this
investigation: if only the first 3*10**6
of the computer are programmed and the

remaining 1,2*10**9 B learned and organized

by the machine, then in what sense are
the capabilities of the machine "pre-
destined"., Well over 99% of the machine's
information has entered as a result of
interaction with the enviromment,
well be that the only practical way to
develop a brain computer is for it to
be self determining,

CONCLUSION

A personal computer with hardware
capacity comparable to the human brain
might be possible 26-43 years from now,
and its near term ancestor, the 32 bit

microcomputer can be forseen within the next

few years, before the end of the 1980's,
The software does not vet exist and it is
possible that the cost of producing it
might be prohibitive unless we are able
to implement innovative approaches to a
programming effort of this magnitude,
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Abstract

The inventor of the neurophysiologi-
cal model Cerebellar Model Arithmetic
Computer (CMAC) which won in the 1976
Industrial Research Magazine IR-100 com-
petition describes his work in brain mod-
eling and robot control. CMAC demonstra-
tes the capacity to learn, generalize,
recognize: patterns, perform associative
recall, compute multivarient analog
functions and decompose input commands
into sequences of output commands in a
context sensitive manner. Methods of
implementing this model on a microproces-
sor are discussed.

Evidence is given that clusters of
neurons with such properties are arranged
in hierarchies in human brains so as to
produce AND/OR task decompositions. At
the lowest levels in the motor system
these clusters transform coordinates and
compute servo functions. At middle levels
they decompose input commands into se-
quences of output commands which give rise
to goal directed behavior patterns. Mech-

anisms by which feedback can alter these

decompositions to compensate for pertur-
bations and uncertainties in the environ-
ment are described. At the highest levels
of the hierarchy are goal selecting and
evaluating mechanisms which are used for
planning and problem solving.

The possibility of implementing such
a hierarchy on a network of hobby comput-
ers is discussed.

Computation by Table Look-up

CMAC is a computing device which
accepts input variables and produces an
output which is some function of the in-
put variables. There may be up to twelve
input variables which can be either con-
tinuous or binary in any combination.
CMAC's internal operations are entirely
digital and its output is a digital
number which may, of course, be converted
to an analog voltage.
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CMAC computes by transforming
each input variable into a set of
intermediate variables which are
combined to select a set of weights.
These weights are then summed to
produce an output. The CMAC output
is thus a function of the input
variables, and the value of the
output for every possible configu-
ration of the inputs is determined
by the weights.

The computation of mathematical
functions by table look-up is, of
course, a commonly used technique
for functions of from one to three
variables. For example, trigonomet-
ric functions of one variable are
often looked up in tables rather
than computed by numerical methods.
Particularly when combined with
interpolation techniques, table
look-up is a powerful tool.

For functions of four or more
variables, however, conventional
table look-up becomes impractical.
If éach variable can take om R-dis——
tinguishable values the number of
table entrﬁes required for N vari-
ables is R". Thus, even if each
input variable is limited to as few
as 16 values over its range, a table
for storing a four dizensional func-
tion would require 16~ or 65,536
entries. Clearly, table look-up is
impractical for most functions
involving more than four variables.

CMAC, however, does not require a
unique table entry for each possible
input vector. 1Instead, CMAC maps
each input vector into a multipli-
city of table entries. This is il-
lustrated in Figure 1. The value

of the CMAC output is equal to the
arithmetic sum of the contents of
the selected memory locations. Now
the number of ways a set of "a"
elements can be selected from a
table with "b" entries is the number
of combinations of "b" things taken
"a" at a time. This, in practical
cases, is much much larger than "b".
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Thus CMAC can utilize a relatively few
memory locations to represent a space de-
fined by N input variables.

0f course, the fact that each possi-
ble CMAC input vector selects a unique
set of memory locations rather than a
unique single location implies that any
particular location may be selected by
more than one input vector. CMAC turns

this necessity into a convenience by an
algorithm which operates such that any two
input vectors which are similar (i.e..
close together in input space) map into
highly overlapping sets of memory loca-
tions as shown in Figure 2.

This gives CMAC the property of
generalization, i.e., CMAC tends to pro-
duce similar outputs for similar inputs.
In Figure 2, input vector S, selects
three out of four of the same memory loca-
tions as Sj. Thus, the output h(S2) will
be similar to h(8j;) differing only by
the contents of the single location which
is not in common.,

The amount of overlap between sets
of selected memory locations is controlled
such that as the input space distance
between two input vectors increases the
amount of overlap decreases. Finally. at
some distance the overlap becomes zero
and the sets of selected memory locations
are disjoint. At that point input So can
be said to be outside the neighborhood
of generalization of Sj. The value of
the output h(S2) is thus independent of
h(S;).

An example of a neighborhood of
generalization of CMAC can be seen in
Figure 3. In this example, the input
vector consists of two input variables
sy and s2 with range 0<s1¢360 and
0<s2<180. There is unity resolution along
each variable axis so that R is 360 for
s, and 180 for sg. In Figure 3, 32

weights are selected for each input vector,

and thus any two input vectors which dif-
fer by only one resolution elements will
have 31 weights in common. Not until two
inputs are at least 32 resolution elements
apart do they map into disjoint sets of
weights. If the weights are initially all
zero, the value 1 can be stored at some
point such as S; = (90,90) by placing

1/32 in each of the 32 weights selected by
S;. Following this operation one will
find that a second input vector S2=(91,90)
will produce the output 31/32. This is
because So shares 31 weights with the
vector S7. A third vector $3=(92,90) or
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(84=(90.92)) will nave an output
30732 pecause of sharing S0 weigits
with S etc. The result is that
the CMAC memory zeneralizes. Ad-
jacent memory locations are not 1ir-
dependent. and a plot of values
stored at each point in input space
shows the appearance of a stretcnhed
rubber sheet. Pulling one point to
a particular value. as in Figure 3.
affects adjacent points.

Generalization has the distinct
advantage that training (or data
storage) is not required at every
point in the input space. Training
on a suitably representative subset
of input vectors is adequate. For
example, if one wishes to store the
function sin(s,) sin(sg) to a resol-
ution of one dégree in a conventiona
memory, data would have to be stored
at each of the 360X180 (more than
64.000) possible inputs. 1In Figure
4, data was entered at only 175
input points scattered over the
input space and the tendency of the
memory to generalize fills in the
gaps.

Of course. generalization is
disadvantageous if radically dif-
ferent outputs are required for
highly similar inputs. In most
control problems however. such dis-
continuities do not obtain. Indeed
most control functions have simple
S-shaped characteristics along each
variable axis. The complexity of
control computation in multivarient
systems typically derives from cross
products which effect the slope of
the function, or produce skewness.
or non-symetrical hills and valleys
in various corners of the N dimen-
sional space. As can be seen from
the function shown in Figure 6 these
are the type of functions which
CMAC can readily store and hence
compute.,

A Neurophysiological Model

A neurophysiological theory
upon which CMAC is based was devel-
oped independently in England by
David Marr and in America by the
author. It was published first by
Marr in 1969, The cerebellum had
for some years been known as one
of the areas in the brain respon-
sible for controlling the limbs,
hands. eyes and fingers in rapid,
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coordinated movements. It was
receive neural input from motor
the cerebral cortex as well as
feedback signals from the muscles. jointis,
tendons and skin. Marr and myself inde-
pendently combined this knowledge with
new information from an elegant series (!
experiments by Eccles. Ito and Szenta-
gothai“ into a theory of how these input
signals act through the various cellular
interconnections to produce outputs with
appropriate values. The result was a
theory of how conditioned reflexes could
be stored and recalled (i.e., computed).
This theory has rapidly become one of the
most widely accepted working hypotheses
among cerebellar neurophysiologists.

precise.

known to
areas of

The CMAC formalism not only gives
mathematical structure to the original
Marr-Albus theory but suggests analytic
procedures by which electronic circuits

with similar properties can be synthesized

For example. CMAC first transforms
the single precise value of each input
variable into a multiplicity of less
precise values on a set of intermediate
variables. This is analogous to the
function accomplished by sensory end
organs in biological systems. 1In the
body. the angular position of a joint,
the tension in a tendon. the velocity of
contraction of a muscle. are all precise
physical parameters each of which is en-
coded by a multiplicity of sensory organs
into firing rates on neuron axons which
are relatively imprecise information chan-
nels. CMAC emulates this in the S-M
mapping by which the value of each vari-
able in the input vector S=(sj.sg,s3,...
"SN) is transformed into a set of inter-
mediate variables,

Figure 5 illustrates the essential
characteristics of the S» M mapping. In
this illustration the two input variables
S1 and s2 are represented with unity
resolution on the range 0 to 16. The
range of each input variable is also
covered by four intermediate variables
of lower resolution.

In Figure 5, sj is mapped into a set
m] composed of four intermediate variables.

my = Cy. Cy, C3, C4-
where

Cp = A, B, C, D, B}

Cy = F, G, H, J, K

C3 = ‘M, N, P, Q, R

C4 = s, T, V. W, X-
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For every value of sj. there
exists a unique set of elements mj *
one from each set of intermediate
variables in mj . such that the value
of s; uniquely defines the set mj*,
and vice versa, For example, in
Figure 5 the value $1=7 maps into
the set mj*=-B. H. P. V-and vice
versa, Similarily. the value s9=10

maps into the set mo*=- C. j. q. V..
and vice versa. )
In the cerebellum, incoming

sensory neurons enter the granular
layer where they make contact with
granule cells. A system of negative
feedback regulates the overall
activity of the granular layer so.
that a small and relatively fixed
percentage of the granule cells are
allowed to hecome active. This is
stimulated in CMAC by the combina-
tion of intermediate variables to
select a set of weights. For the
example in Figure 5, the set my*=
‘B, H, P. V and mo*=-c, j, q, V.
combine to select the set of weights
-Be., Hj, Pgq. Vv-..

Finally, in the cerebellum
the Purkinje cell sums the influ-
ence of the active granule cells
through a set of weighted synaptic
connections. Similarly in Figure 5
CMAC sums the selected weights.

Bc = 1.0
Hj = 2.0
Pq =1.0
Vv = 0
S Sum = 4,0 7 -
Thus, the input S$=(7., 10)
produces the output h(S)=4. The

particular set of weigRts shown in
Figure 5 defines the function in
Figure 6.

At every point in input space,
four weights are selected whose sum
is the value of the output. As the
input vector moves from one point
in input space to an adjacent point.
one weight drops out to be replaced
by another. The difference in
value of the new weight minus the
old is the difference in the value
of the output at the two adjacent
points. Thus, the difference in
adjacent weights is the partial
derivative (really the partial dif-
ference) of the function at that
point. For example, in Figure 5.
if the input vector moves from
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S=(7. 10) to 5 (8. 10) the weight Bc-1.0
drops out and is replaced by Cc=2.0. The
value of the output thus changes from 4
to 5.

CMAC provides a mathematical for-
malism which is simple. yet precise., and
which accurately reflects the functional
properties of a cerebellar output cell
and its associated interneuron network.
Furthermore. the CMAC formalism is suf-
ficiently general that it can be said to
closely approximate the functional proper-
ties of output neurons and tneir associated
interneuron nets in a large number of cor-
tical regions and subcortical nuclei. A
multiplicity of CMAC's can functionally
simulate large sections of cortex and
entire processing nuclei. CMAC thus pro-
vides a mathematical tool which may be
applied to analysis of sensory-motor sys-
tmes in many different areas of the brain.

[nput to CMAC is a vector which
defines an N dimensional space. At any
instant of time the input vector defines
a point in input space. If any one of the
input variables (component of the vector)
is time dependent then as time progresses
the input vector moves through space de-
fining a trajectory. We can now speak of
an input trajectory through N dimensional
input space. At any instant of time CMAC
accepts an input vector and produces an
output which is a scalar. A multiplicity
of CMAC's produces an output vector.

Thus. for a cell nucleus represented
by a multiplicity of CMAC's. at any in-
stant of time there exists a one—-to-one
mapping from each input point (vector) in
input space into an output point (vector)
in output space. And correspondingly for
every input trajectory there is an output
trajectory.

Let us now explore how these basic
CMAC concepts can be applied to the sub-
ject of higher level behavior such as is
required in the performance of a behavioral
sequence. or task.

A Sensory-Motor Hierarchy

Simply stated. any task can be
hroken down into subtasks in a hierarchical
way until finally at the bottom of the
hierarchy there are action primatives such
as motor neuron firing rates. This hier-
archical decomposition of complex tasks.
or bhehavior. is not new having been sug-
gested many times by workers in behavioral
psycholegy., linguistics and various other
fields such as military command and con-
trol, and manufacturing engineering. The
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entire concept of mass production
is based on the principle of break-
ing down the task of making a pro-
duct intw a series of elemental
operations which are so simple that
they can be taught to low-skilled
workers in g short period of time.

Task decomposition immediately
suggests a control hierarchy where
each level in the hierarchv accepts
input commands (or tasks) from the
next bigher level and responds by
issuing ordered sequences of output
commands {or subtasks: to the next
lower level. In extremelv simple
cases these subtask genecraiors may
merely produce sequences of pre-
recorded outputs. But in more com-
plex svstems sensory teedback from
the environment. or from the
system being controlled. mav alter
the output sequences in one way or
another. Sensorwy feedback may
consist of interlock signals to
provide sequential tilming. or nmay
incorporate anyv number of analog ar
digital variables which modify the
transter function of tpe subtask
generator.

Suppose. for example. that
the goal is to program an industrial
robot to assemble a gasoline engine.
This task can be broken down into
sequences of simpler tasks such as
fetch parts a and b. insert a into
b while nulling off-axis forces,
fasten part c to assembly ab and
so on, Each of these tasks can be
broken down further into sequences
of elemental movements such as
reach. grasp, follow specified
trajectory, etc., These elemental
movements can themselves be broken
down into sequences of positions in
physical space. Finally. each
point along the physical trajectory
can be transformed into a coordinae
system defined by the physical
structure of the robot and its
actuators. This concept is illus-
trated in Figure 7.

in such a
two types of

At each level
hierarchy there are
input. First there are input com-
mands from a higher level., At the
very top these may come from the
shop foreman or from a production
planning and scheduling program.
At all other levels. commands
originate as outputs from higher
levels in the hierarchy.
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Each hierarchical level also
receives teedback signals which report the
position and motion of joints or convey
information from sensors monitoring force,
touch. or' visual position of objects in
*he environment. In some cases this feed-
pack is used for timing purposes in order
to coordinate sequences of actions with
conditions in the environment. Feedback
may also indicate the recognition of pat-
terns of events. or shapes and locations
of objects ir the environment. or even the
movement of coordinate systems and frames
of reterences. Particularly at the higher
levels in the hierarchy. feedback is
highly processed through many layers of
an ascending hierarchy of CMAC like pro-
cessing nuclei.

In biological systems as well
there mayv be a sensory-data processing
hierarchy. which runs parallel to and in
the opposite direction from the motor-
vehavior generating hierarchy. This pro-
cessing hierarchy receives input at the
lowest level directly from sensory trans-
ducers. At each level input vectors (and
trajectories) are transformed into output
vectors (and trajectories). These out-
puts are then passed on to the next higher
level as inputs. The purpose of each
processing module is to transform input
vectors into output vectors which are
optimally configured to serve as feedback
to the motor-generating hierarchy at that
level. We can therefore hypothesize a
feedback link from each level in the
sensory-processing hierarchy to corres-—
ponding levels in the motor-generating
hierarchy.

Furthermore the efticiency of the
sensory-processing hierarchy is enormously
enhanced if there are complementary links
from the motor-generating hierarchy to
the sensory-processing hierarchy. This

type of information pathway is what neuro-

psychologists call an "efference copy."
This information tells the sensory pro-
cessing hierarchy what the body is doing
so that, among other things. it can dis-
tinguish sensory data resulting from
movement of the body from sensory signals
resulting from movement of objects in the
environment of the eyes and a rotation of
the room about the eyes. More generally,
it enables the processing system to per-
form context sensitive filtering. and
indeed. to do predictive filtering.

It is., of course, possible to
turn off the lowest level of the motor
hierarchy without disabling the entire
processing-generating hierarchy. When
in this mode, the generating hierarchy
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can be used to produce signals which
facilitate the operation of the
sensory-processing hierarchy. Activ-
ity in the generating hierarchy may
now be better characterized as hypo-
theses. instead of tasks and sub-
tasks. Sensory input from the
environment is now analysed in con-
junction with hypotheses from the
generating hierarchy. If the hypo-
theses are correct. they will assist
in sensory recognition. If only
nearly correct they can be ''pulled”
by feedback from the processing
hierarchy. When a particular hypo-
thesis is successful in generating
predictions which match incoming
sensory data the entire processing-
generating hierarchy 'locks on" to
the incoming sensory data. This gives
the hierarchy the ability to recognize
and track lengthy sequences of input
signals even in the presence of noise
and interference from similar signals.
This lock—-on phenomenon at several
levels gives the hierarchy the
ability to recognize phrases and
patterns with several different, but
harmonious, periodicities. For
example,. the affinity of the ear for
rhythmic patterns of music and
poetry may arise from synchrony in
hierarchical looping structure such
as shown in Figure 8 where each of
many different loops locks-on to
rhythmic patterns at its own level.
The cross-coupling in the sensory-
motor hierarchy suggests a mechanism
for the strong tendency of people

to dance, or tap their feet in time
with rhythmic sounds. The multi-
plicity of levels in the hierarchy
suggests a mechanism for simultan-
eously locking-on to many different
levels of rhythm and "meaning" in
both speech and music.

Belief and Understanding

One may hypothesize that in humans
the functional relationships stored
in upper levels of the cross-coupled
hierarchy of sensory-processing
behavior-generating modules makes up
what might best be called a '"belief
structure” which gives rise to goal-
directed behavior. By definition the
belief structure is isolated from
direct contact with the motor-output
sensory-input levels. This enables
the belief structure to decouple it-
self from outward manifestations of
behavior as well as from direct
physical sensations of the external
environment. It is thus free to

BOX 1579. PALO ALTO CA 94302




zenerate hypotheses, and imagine the con-
sequences. It can send hypothetical goals
to the mid-levels of the generating
hierarchy which cycle through an imagined
task, thereby stimulating the sensory-
processing hierarchy into producing a
facsimile of expected (or remembered)
sensory experiences. These self-induced
sensory feedback signals generate emotional
reactions good, bad or neutral and these
steer the highest level goal selecting
mechanisms toward command vectors which
produce rewarding emotional feedback.

Thus, a person selects goals and
plans actions on the basis of what is
stored in the transfer functions of his
or her belief structure, i.e., the mid

and upper-levels of the processing-
generating hierarchies.

Similarly, a person interprets
sensory experiences according to what is
stored in the belief structure. People
tend to see and hear what they expect to
see and hear. They tend to interpret
unfamiliar sensory input as '"just noise"
or without "meaning.' Sensory experiences
which correlate with patterns stored in
the belief structure are reassuring and
comforting. The world becomes predict-
able and presents few surprises, i.e.,
we "understand'" and events "have meaning."
Unexpected twists in familiar patterns
elicit surprise, and systematic deviations
from expected trajectories may cause
relearning and the establishment of new
trajectories of expectation. Sensory
experience which does not correlate with
stored patterns is disturbing and is
rejected or avoided. 1If such stimuli
cannot be avoided and if it is too un-
familiar or unpredictable to be reinter-
preted through learning, then it may
produce emotional distress, or neuroses.

A processing-generating hierarchy
of CMAC modules thus provides a simple
unifying structure which can be applied
to a wide range of sensory-interactive
goal-directed behavior including the

selection of goals, the planning of actions,

the imagining of results, the learning

of motor skills, recognition of sensory
patterns, and the construction of habits
and beliefs. The fact that the basic
building blocks for such hierarchies can
be fabricated inexpensively with presently
available technology suggests that it may
now be reasonable to seriously address the
feasibility of constructing machines with
these properties.
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‘at the next higher level.

Each CMAC module is an independ-
ent computing device. It accepts
input variables, performs its compu-
tations, and transmits its output.
Each module is trained, or program-
med, to compute a relatively simple
function of many variables. Training
begins at the lowest levels first and
must be well underway at each level
in the hierarchy before it can begin
Just as
in a child the abilities to deal with
abstractions do not develop until
after visual processing and motor
coordination is accomplished, and the
ability to read does not emerge until
speech generating and recognizing
have been developed, so in a CMAC
hierarchy training must be well
advanced at each level before con-
sistent and clearly defined trajec-
tories emerge to be used as feedback
for the next higher level.

Networks of CMAC modules compute
in parallel and control is distri-
buted throughout the network in a
manner very similar to the neural
networks of the brain. The addition
of new computing elements at each
level serves to refine the precision
of the computed output at that level.
The addition of new levels in the
hierarchy increases the complexity
of the behavior which can be gener-
ated and the sophistication of the
sensory processing which can be
performed.

These properties suggest that it
may be possible to implement a CMAC
hierarchy for controlling a robot
on a network of microcomputers, and
to systematically increase the
sensory-motor capacity by incre-
mentally adding additional modules
to the network. If the model sug-
gested here is correct, the result
may be that intelligence will evolve
in a silicon and copper network in
much the same way as it did in bio-
logical brains.
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computers., Then, the petwork can coma
into operation #ithout any necessity to
rais» or alainister substantial funds,
and it can begin operation with too feu
participants to Justify a tarqge
axpanditure. {1so, with the network
ydministration hiarly decantralized, it
will likely be respcnsive te¢ fthe naeds
o0f its particinantn=.

7. Parmanent service pcfdss will not
needed Fut will be accommodated
oresant. 41) tne above arguments for
dacentraliczation 21so acgly to  this
ground rule. %Youwever, permanent service
a10des, such as the C'H”"s T°yva desecriber
alsexhere, can eliminate vary strong
incentives for specialized hardware that
®*i11  enable nodes to automatically
handle incoming traffic.

pe
if

b2 no c¢eogravhica!l
restrictions. for exarple, the 5LHsFT
should be suitatle for -~ommunication
Across national bLour-dariese.

4. There shnould

5. The 2C8fT Shoun?'d accommodate
virtual tarminals,. Thic &ill
people to test a preojran without
Tone  to the trouble 0f iaporting it and
adapting it to a new home. This
feature, while not yet explicitly
included, has shap>c some parts of the
desinn.,

remots
allow
having
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. Leyels i _Abstraction
The PTReT specification uses a number
2f levels 0f abstraction to describe the
transmission of mail and files Letweon
network nodas, TwO network nodes will
tyoically bLe connected tv a phone line.
They use modems tc send “digital bits in
the form of the au?io tones suitable for
telaevhon: circuits. These bits serve in

their turn to serially transmit hinary
23ta in 3-bit bytes. (Nndes using 3-bit
serializers or that for other reasons

cannot diractly transmit 9-hit bytes use
1 radix-41 scheme to represent binary
data with 2 vrestricted set of 11
characters.) These bytes are org2nizad
into transmission Ylocks containing
error correction information sufficient
to provide transmission (a3t verv low
arror rates) f{or several streams of
hytes,. One streamn is devoted to
infoarmation use:l to control the
~ommunication Aat this level and the
pravious ones; the other streams
transmit messajzes between the server
levels of the nodes. finally, these
nessages transmit mz2il) and files betuwean
tWwo nodes, with forwarding automatically
nrovided wnen appropriite.

Thase levels of specification are
rigorously separated, so that any of
them may be changed with little or no
jisturbance tec the othars. An example
2f this modularity has alrealy been seen

in the way the choice betwecen radix-41
TNt Ustraight T binary has no effeéct
dhatever on transmission at higher or
lower levels of abstraction. Similarly,

the interface between the modem and the
>hone line may or may not include
>rovision to automatically answer (or
3ven originate) phone calls with no
2ffect on the other levels. By the sanme
token, the modiem (and UART) can be half
Juplex or full duplex, and the only
level effected is that handling link
transmission blocks.

This separation between levels will
3llow the PCNET to gracefully take
advantage 0of new developments. For
example, the telephone 1links can be
replaced by radio links or even by links

having the delays that are inevitable in

the usual satellite communication.
Character-at-a-time interactions can
also be added, so that one node can

serve as a virtual terminal to
in another node.

programs
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1. Some_other.Nesign_Issues

The format of a link transmissior
nlock is 1independent of the choice
between binary and radix-41 in the sense
that the radix-41 transformation is
applied toc a completz block before it is
put onto the line. This does not seem
to greatly reduce the effectiveness »of
the error detection information, and it
leads to a simpler implementation than
would be required otherwise.

Noise on the phone line can cause the
receiving UART to 1lose synchronization
with the inconing byte frames,
completely turning the received data
into garbage wuntil synchronization is
anain establish»d. We assume that the
error Jetection information in a
transmission %lock will have no trouble
detecting any such garbage. Tn an
attempt to limit the damage to single
transmission blocks, they are separated
by characters choser for their wutility
in helping the receiving TJART come back

into synchronization with the byte
frames.

¥e had originally assumed that the
boundarijes of the 1link transmission
hlocks and the stream blocks would he
entirely independent; we soon
discovered, however, that such|
independence could require =2 general
coroutine capability in the
implementation. In order to maximize

"the accessiviTity of the PCNET "to the

hobbyist community, we made it possible
to negotiate the independence of . the
boundaries at those two levels. In
addition, the default choice of that
option is to align the boundaries so
that coroutines are never required.

The tension between symbolic data and
more highly coded data can scarcely
escape notice in a system like PCNET,
with its largely syrbolic messaqge header
and more highly coded stream and link
transmission block headerse. The lower
levels handle blocks much smaller than
nessages, so0 header compactness is
correspondingly more 1important at the
lower levels. Programs implementing the
message server level, on the other hand,
are more likely to have their functions
expanded and so are more in need of data
whose meanings are easily discerned by
the neople maintaining them.
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Sizarre though it T
messages prchably will normally ke sent
from taeir source directly to their
Jestination or to a m2il drop near the
destination. That is, they will
srobably only rarely be sent throuch a
iumnber of internadiate nodes on their
43y to their 2estination. (The r=ason
is5 a simple economic one: the late night
>hon2 rates are Tow 2noyuah and
independent 2nouch of distance that
relaying doesn”t seem worth the hother.)
{owever, the P?2CNET specification is
organize? in such 2 way that either mocde
can he used, that any mixture »f the
nodes can be in use at any moment, and
that the choice can be made
independently by the sender each time it
attempts to send a message, in case the
first few attampts fail. The cruy of
the matter is that the connection from
the original source of a3 message to its
ultimate dastination can be a simplex
(i.e., one-way) connection, aven though
the connections at lower lavels must he
at least half dupleax, 3n the other
hand, there is nothing to orevent the
original sender an3 the ultimate
destination from having 2 full duolex
connection; in fact they can profit from
having such a conrection §if ‘they hava
one,

§AY  S2ew, FCER

The PCNET is largely immune to nodes
cadpriciously entering and leavinn
network participation 1in another way
too: successful transmission of messages
can be wverified from the ultimate
destination all the way back to tha
original sourca. (This is at the option
of the original sender.) Thus, a series
of intermediate nodes can participate in
the transmission of 2 massage without
their needing to accept any
responsibility for ultimately successfu?

transmission betuesen the end points.
Since intermadiate nodes have only
nominal responsibility for the traffic

they handle, the PCNET should gain both
a streamlinegd administration and
considerable resistance to anv possible

spontaneous disappearance of nodes.
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5. Zonclysijons

The most ismpnrtant concideration
throughout the SIRET  Gesign  is  to
Raximize its 2rrces<ibjlity to  as  broa?
1 possible a3 ssgmeat of the hohyist
community. 1 consequence of  this  is
that the Jesign £as soecial features

that are incluisd 3ust so the dasign can
pe implemante? rsinply and cheaply. It
i3 also structured in such a Wiy that
sinple implewsntations will tend to bHa
r2liable. On tha other hand, whan mor»>
highly specialized cor costly hardware i3

available or the software c¢an be morn
sophisticategd than *he rinirum
reguirements, the PCNET desicn is

structured 1in
advanced

the
an

such a way as to put
facilities to «good use
deliver increased performance to tha
user. The desiin alsoc leaves room for
the addition of new fesatures, rat al! of
which wers foreseen by the PONTT
Tommittee.
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Communication Protocols for a Personal Computer Network

Ron Crane

This paper summarizes the design requirements and
architecture of a layered set of communication
protocols for personal computers. Also included is
the current state of development of this evolving
set of protocols. A detailed description of the
protocol will appear in the future.

The FEnvironment of Computers

The introduction of low-cost minicomputers in the
1960's reduced the minimum size of an application
for which automation was justified. The single
chip microcomputer is making an equally
significant step in the 1970's. Private individuals
are purchasing small machines or terminals for
their own use, in addition to businesses for
applications such as accounting, order handling,
and text editing. Small, medium, and large size
computers are becoming widespread.

More and more machines are being dedicated to
uses which involve transactions of some kind
(editing text, mail, or programs ultimately sent to
other individuals, doing accounting for transactions
between buyers and sellers, etc.). The machines are
used to create, modify, or process information
which is then printed on paper or recorded on
magnetic media which is then carried to its
destination where it is often entered into another
machine. This represents a growing environment
in which machines are communicating with other
machines, but with the transport time from one
- machine to another_comprising a significant part

of the total elapsed time for processing. The need

exists for low-cost, quick, and direct machine-to-
machine communication between an increasingly
widespread base of machines.

The requirement of providing communication
between any of a large number of machines implies
some form of large and widespread communication
network. To be a viable replacement or adjunct to
physical transportation schemes presently used, the
network must be available and relatively
inexpensive. The only system currently available
that is both widespread and has a very low
minimum monthly charge is the dial telephone
network.

For machines to communicate using the telephone
network, they must be able to communicate both
with the telephone system and through the
telephone system to the distant machine. Once two
machines have been connected via the telephone
system, they must communicate with each other.
This communication must take place on several
levels. Modems communicate using a standard set
of frequencies, the serial interfaces in each of the
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computers must transmit and receive bits in the
same order and at the same speed, and the software
in each of the machines must agree upon the
meaning of various bit sequences soO that
information is transferred instead of a meaningless
sequence of bits. A common language or
communication standard is essential for widespread
machine communication.

Personal Computer Network (PC Net) Protocols

The PC Net protocols come from the PC Net
committee which is a group of computer
professionals who banded together as the result of
the personal computing network session at the First
West Coast Computer Faire in 1977.

The PC Net protocols are layered into 5 functional
levels. Two of the levels specify hardware while
the remaining three specify software. Every
machine must implement the basic or core
protocol. Extra capabilities may also be
implemented on  various machines. The
compatibility of two machines with respect to extra
capabilities is ascertained on a per call basis via the
core protocol, as is the decision to use one or more
of the capabilities during the call. Thus, any two
machines can always communicate with each other
on a very simple level, even though some will find
that they have few common interests after a brief
interchange.

The figure on the following page illustrates the
—hierarchical ' structure - of - the—proposed - standards.

Five levels comprise the standard (protocol).
Level 1

Level 1 specifies how the node (personal computer)
interfaces to the telephone network. Both
supervisory signals (dialing) and the modem
signalling frequencies are specified. Bell 103
compatible modem frequencies were selected
because of wide availability and relatively low cost.
When faster units become desirable, this level of
the protocols can be changed without affecting the
other levels. In the figure, RS232C and RS366 are
mentioned as often-used interfaces to modems and
auto-dialers. These are not part of the standard,
however, since neither interface can be seen by
another node through the telephone network.

Level 2

The data transmission format specified by this
level is asynchronous start-stop codes at 300 bits
per second, again readily available in existing
equipment. The interface to and control of the
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Dial Telephone
Network

Interface

2

Rs232¢C * Bell 103 Modem Standard & Rs232¢C -
Rsses Automatic Dialer hssee

* Level

Asynchronous Start-Stop Codes @ 300 BPS & Auto Dialer , __Hardware
l Software

I 4 Level ¢
Link Transmission Blocks (sequenced and error free byte delivery) and
Telephone line control

| |

Process to Process Stream Blocks (muiltiplexing of data link between user programs)

L

\ ‘ Level
User Program to User Program Standards (Node Control, Mail, File Transfers, etc.) '

* RS232C and RS366 specify typical modem and auto-dialer interfaces, respectively,

but are not part of the PC Net
standard since the auio-

dalerrmybehtegralcoN)emdemwﬁchmayintunbep&tofﬂnconpmerinta'fsce.

Personal Computing Network Protocol Hierarchy
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automatic dial and answer telephone interface is
not specified except that the function must be
performed. This includes the possibility of manual
operation. Timeouts will be set to allow manual
operation.

Level 3

This level provides sequenced and error free
delivery of bytes from one machine to another, as
well as control of telephone connection setup and
takedown. Blocks of bytes are transmitted on the
link with a header and checksum in a fashion
similar to synchronous protocols like ADCCP
(Advanced Data Communication Control
Procedure). A synchronous bit oriented protocol
was not used because of the unavailability of
hardware interfaces to implement it. Erfror control
is implemented using a checksum and byte count
instead of a CRC because the CRC is cumbersome
in software and most asynchronous interfaces do
not support it in hardware. Sequence numbers
provide acknowledgement of correctly received
blocks and in addition permit several blocks to be
sent without acknowledgement, without getting out
of order.

Two methods of transmission on the line are
specified. Radix-41 is the default start up mode
and full 8-bit codes are an option.

Radix-41 is a 2 byte to 3 character packing scheme
proposed by Mike Wilber to avoid the problem of
operating system intervention (interrupting on
control characters and uppercase conversion of
lower case characters) when PC Net protocols are
implemented in BASIC. or  other . high level
language. The result of using this packing scheme
is a reduction of 33% in throughput.

Transmission blocks are transmitted with only
minor modification when using 8-bit codes.
Special flag characters are used to separate
transmission blocks on the link. A transparency
rule is then used to permit transmission of this flag
character if it occurs within the transmission block.

Level 4

This level is useful for nodes in which several user
programs are running concurrently and are also all
using the phone link. Level 4 performs
-multiplexing and flow control of data streams from
each of the programs into the single phone link.
Separate 8 bit fields specify source and destination
process addresses for each process-to-process
stream. Fields also exist for sequence and stream
numbers. In small nodes this level can be merged
with level 3. The fields specified for the level 4
block format still remain, but can be ignored by
the simple nodes. Small nodes can still
communicate with large nodes capable of
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multiplexing, but only one process (o process
stream can exist at a time in this case.

Level 5

User programs exist at this level. They manage the
communication tasks such as sending or forwarding
mail or files, and interacting with people on whose
behalf the communication is taking place. There is
currently a mail and file transfer protocol written
by Peter Deutsch and a global addressing scheme
using latitude, longitude, and phone numbers
authored by Doug Bourne.

Summary

The PC Net protocols are being designed to be easy
to implement in currently available systems, but
with room for growth and modification if there is
demand for it in the future. The first two levels
are essentially complete at this time. The top three
levels have been specified and are undergoing
revisions relating to interfaces between these levels.
Detailed descriptions of each level of the protocol
will appear in the future.
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PCNET PROTOCOL TUTORIAL

(prepared from the online file PROTO.PR3)
by Robert Elton Maas (REM at SU-Al, MIT-MC)
PO Box 6641, Stanford, CA 94305

This document is one more attempt to
explain the PCNet protocols to persons planning to
write their own software. This document is
written bottom-up so that node volunteers don't
have to read it backwards to know what to
implement in sequence. it also contains no
completely worked-out examples (see [Maas WR2]
for them, as well as a top-down approach), and no
test data for debugging node software (see [Maas
EXPERI]. It also doesn’t fully specify timeouts and
other obscure features of our protocols (see
[Crane}; point of nomenclature - references of the

- form  AAAABBB are to PCNet documents
maintained as on-line files).). The two earlier
primers, PROTO.PRIMER and PROTO.PR2 may or may
not be useful to supplment this tutorial.

QUICK LISTING OF DATA PASSING BETWEEN
ADJACENT LAYERS OF PROTOCOL:

This section will be mostly meaningless until
later sections have been read, but due to our
present indecision as to what certain things should
be called there are some synonyms that ought to
be pointed out before proceeding.

Phone-line: modulated carrier, Bell 103
standard.

Modem cable (optional): two-level bit-serial
with start and stop bits, RS-232, not present if
UART+MODEM on one board.

~ 1/0 or memory-mapped hardware interface:
8-bit bytes containing Radix-41 characters and
framing, making up LTBs (Link Transmission Blocks).

Link-level midpoint: binary translation of
LTBs, called "TBs" (Transmission Blocks).

Pure-binary stream: data portion of TBs,
containing PPSBs (Process-to-Process Stream
Blocks) packed end to end. :

PPSs (dynamically created and destroyed):
data portion of PPSBs that comprise that particular
PPS.

Disk I/0: implementation dependent and
optional. ’

(Note, the term "block™ used by itself in this
tutorial usually refers to a TB or LTB)

QUICK LOOK AT ALL THE LAYERS:
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Hardware (not detailed below):

For compatibility  with

existing
software-service bureaus, Arpanet-host dialup
equipment, manually operated terminals such as my
Beehive used to remotely test software, and
low-cost available personal computer serial-i/o
interfaces -- our network will initially be geared to
the Bell-103 standard rather than any of the

brand-new bit-synchronous communications
standards such as HDLC, and will run at 300 baud
(110 optional) rather than 1200 baud.

The interface to the main body of software
will consist of a GETCHARACTER routine that
returns -1 if no character has arrived at the UART
(Universal  Asynchronous Receiver/Transmitter)
within a reasonable time and a number between 0
and octal 377 (the ASCI, or rarely EBCDIC, value
of the characer) otherwise, and a PUTCHARACTER
routine that either waits until the character can be
stuffed into the serializer or returns an error flag if
it couldn’t be stuffed immediately (wait-and-stuff
would be used in halfduplex protocol,
stuff-or-error would be used in fullduplex
protocol). An alternative is fully-buffered i/o that
is driven by interrupts, but with similar interface
characteristics. Timeouts are not &
fulltime-essential feature, rather are used to avold

telephone calls longer than necessary to either

transmit a message or determine that the other
node is sick, and to detect that a rare failure of
halfduplex turnaround has occurred so that the
deadlock can be resolved. It is expected that
during 99% of connections not a single half-duplex
deadlock will occur, thus with semi-manual
operation all timeouts are optional.

No further discussion of the hardware and
its interface will be done in the rest of this
tutorial.

An important segment of the PCNet protocol
relates to Telephone Call Management(TCM). One
of the PCNet design goals is graceful sharing of a
single telephone line between voice and data use.
TCM covers the activities which must take place
from the time the PCNet node phone line goes
off-hook until the time the Frequency Shift Key
(FSK) handshake between the two communicating
PCNet modems is complete. TCM also deals with
call termination - the activities from the end of
data transmission until the phone line goes on-hook.
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PCNet TCM is intended for use in three different
modes; 1) Attended (manual control). This mode
assumes people present who will answer all calls,
switching PCNet calls to the computer when they
occur. 2) Attended (computer control). This mode
" assumes people are present for voice calls, but
that the computer answers all calls and signals the
people to accept voice calls. 3) Unattended. This
mode assumes that people are either absent or
asleep; the computer answers all calls, minimizing
audible ring signals inside the cailed premises.

TCM assumes that a sophisticated modem is
available; one capable of detecting telephone
signals such as ring, busy, dial tone, etc. Simpler
modems with- time-outs may be used with the
penalty of slower and less efficient operation.

In present attended (computer control) and
unattended TCM modes the computer goes
off-hook for all incoming calls; if the call is voice
and not data both people on the premises and the

calling party must be given a ringing signal so that

the voice connection may be completed. This is
undesirable in that billing will start as soon as the
phone line goes off-hook and before the voice call
really begins. Also a special piece of equipment is
required to generate the ringing signals. Some
better way of differentiating between voice and
data calls on the same phone line would be
desirable.

Link level (bottom half of communication software):

Errors in transmission invariably occur when
using modems over dialup lines. Thus a facility for
detecting  errors, requesting retransmission

__(implicitly _in_ PCNet by a lack of affirmative

response within a reasonable time), holding
out-of-sequence blocks until the missing earlier
blocks can be retransmitted, putting blocks into
their correct sequence, and delivering verified and
sequenced data up to the next level; has been
included. In the default mode of operation, only
one block can be sent at a time, eliminating the
need for buffering and sequencing.

When implementing our protocols as user
programs on existing computer systems, limitations
in the characterset available as input to a node,
and sometimes even as output, usually make it
impossible to transmit arbitrary 8-bit bytes across
the line. For example, most systems ignore the
parity bit on input, and set the parity on output
regardless of what the programmer actually
supplied as the octal 200 bit of outgoing data.
Furthermore many systems supply linefeed to the
input stream after carriage return that comes in,
ignore null, do strange things like killing or holding
output when control-O or control-B is input, and
interrupt the program completely when receiving
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control-C or control-Z. Some systems even
convert all lower-case characters (octal 141 to
172) into upper-case! To avoid almost any
possible conflict when passing binary data, a subset
of &1 (decimal) characters called Radix-41 has
been selected to be transmitted across the line.
Two 8-bit bytes of binary data are represented by
three bytes of Radix-41. A more complete
discussion of the alternatives, and reasons for our
belief that Radix-41 is the optimal method for our
purposes, are in [Maas RAD41].

Many systems echo back anything typed at
their input lines, and on most systems this echoing
cannot be turned off completely. Also, most
programmers using BASIC on personal computers
are unable to handle multiple concurrent processes,
nor fully-buffered ifo, thus a fullduplex mode of

~ operations where data is simultaneously travelling

in both directions at the same time, is infeasible.
We have thus chosen a method of simulating
half-duplex mode of operation on any full-duplex
or echoplex or true-haifduplex line, and it is the
default mode of operation. To almost eliminate
deadlocks caused by the turnaround character
being lost due to line noise, 3-out-of-5 majority
logic is used to determine whether the other node
has or hasn’t finished transmitting. To avoid being
confused by seeing your own echo, a different
turnaround character is used for the two nodes in a
link ("[" vs. "]"). Also, each TB contains a bit
telling who sent it, so that echoed TBs won’t be
accepted by the node that sent them in the first
place (in the event that echo is delayed due to
buffering, turnaround get momentarily confused, or
echo occurs while in full-duplex mode).

‘Node _level (third guarter of communicatio
T A

The interface between the Link level and
the Node level consists of a “pure binary stream"
which ls & sequence of 8-bit bytes with all 256
possible values legal. Files can be transmitted
using only the hardware and Link levels, however
that leaves no method for starting and stopping a
transmission. The Node level is a way to multiplex
control information (start and stop of transmissions
of files, as well as node-identification, network
statistics reports, requests for fullduplex mode of
operation, and advanced features we haven’t even
thought of yet) and data (one or more
file-transfers, and maybe even additional services
such as "TELNET" (link between a terminal and a
remote interactive program)) along a single
pure-binary stream.

Virtual circuits are established between a
process on one hode and a process on the other
node, for example between a process having a file
it wants to transmit and a process that accepts
files and saves them on its disk. We call such a

BOX 1579, PALO ALTO CA 94302



circuit, at this level, a Process-to-Process Stream.
Normally here will be one PPS in each direction so
that the two processes can talk in duplex. Each
PPS is broken into blocks, called PPSBs, so that it
is easy to detect end of transfer without knowing
the total data count at the very start (there is a
bit in the header of each PPSB telling whether it is
the last or not, and a count of zero data bytes is
legal so that end-of-transmission can be sent at
the very last possible moment if it is only then
when the sending node realizes it really is done),
and so that control messages and/or blocks of
some other PPS can be muitiplexed between
PPSBs of any PPS in progress.

Optional features include keeping track of
buffer allocation at this level so that if one PPS
gets blocked the link can still be used to transmit
other PPSs without losing data of the biocked PPS
(i.,e. no data from blocked PPS is put into the
pure-binary stream until the other node announces
that it has more room in its buffer to store it).

In the default mode of operation, only one
transfer can be active at a time, no accounting for
allocation of buffers is done, and any control
messages or requests for additional transfers are
ignored while a transfer is in progress. Also, the
beginning of each PPSB is located at the beginning
of a LTB and each PPSB is wholly contained in that
LTB, so that an incoming block can be handled
completely by a closed subroutine that preserves
almost no state-information from one block to the
next.

The result of all this is that pure-binary
duplex communications are established between
File Transfer Process (FTP)/MAIL
server-processes on the two nodes, without
preventing upward compatibility into muitiple
concurrent services occurring between a pair of
advanced nodes, and without preventing an
advanced node from talking to a very-simplest
node. In the simplest implementations it is
expected that all levels in the receive pipeline will
be compressed into a single piece of code that
checks incoming data for validity, discards anything
containing transmission errors, discards any PPSB it
isn't able to accept, ignores any control mesage it
doesn’t understand, and depending on a boolean
variable either awaits a request for opening a file
transfer or delivers data from the active transfer
to some output file. The transmit pipeline would
need a queueing mechanism so that replies from
the FTP/MAIL server-process could be sent as
soon as turnaround occurs, and TBs containing no
data could be sent if no data is awaiting
transmission.

Server-process level (top duarter of

communication software):

A server-process is a subroutine or other
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chunk of program which actually does something
useful, as contrasted with all the routines at lower
levels that do the grungy stuff necessary to make
server-processes  possible. Thus the
server-process level is the highest level of the
protocel. At present we define two
server-processes, "control® and “FTP/MAIL". A
server-process is specific to one particular type of
activity, whereas all the other levels of software
are general-purpose for linking nodes and
server-processes together. A “listener” is that
part of a server-process which sits waiting for the
other node to give it a request to do something, as
contrasted with performing an action after the
request has been received, or spontaneously

‘initiating actions or requests, which are done by

non-listener parts of a server-process.

The control-listener handles any PPSB
addressed to process O, checking to see if it knows
the- control opcode, and if so then acting on it
somehow. In advanced nodes, an explicit
negative-acknowledgment will be issued for
anything it understands but rejects, and for
anything it doesn’t understand that is in affirmative
F:de. A simple node can ignore anything it doesn’t
ike.

The control process also has the duty of
generating control messages to be sent back.
Semi-mandatory is identification of the node.
Optional are requests to go fullduplex or binary
{non-radix41) or unsynchronized (PPSBs and LTBs
overlapped for increased thruput) or allocated
(explicit allocation granted before data can be sent
on a non-control message, except for initial
requests for transfer which are "borrowed” from
the later allocations).

The FTP/MAIL listener handles any new PPS
that is addressed to process 1. These usually
consist of requests for starting a file transfer. If
the request is acceptable at this time, a duplex
connection (one PPS in the other direction, in
addition to the already-started PPS that requested
the transfer) is established between a piece of
code on one node and one on the other node.
When the end of the original PPS occurs,
end-of-transfer is signalled, and an
acknowledgment and optional file-checksum is sent
on the reverse PPS just before it too is closed.

Local forwarding/mailing software outside
server-process: : .
Before a message or file can be transmitted

to another node, it must be created somehow, and
then queued for the server-process to handle.
The queued version must contain a PCNet header
telling where its ultimate destination is, and may
also have in the header a decision as to where the
next hop will be (i.e. to which node it will be
forwarded next). The PCNet communication
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software must then somehow get started, either by
answering the phone, or by the system or another
program or a human explicitly starting it up.

After a message has been received and the

phone hung up (or possibly after the message has

been received but while the phone link is being
used for additional messages or other services, if
the computer system is powerful enough to do so
many things at the same time without slowing down
the phone link), it must be decided whether the
message is for local delivery or must be forwarded
to yet another node. If forward, go to preceeding
paragraph, else some delivery method must be
chosen, such as appending to the start or end of a

person’s message file, writing as a new file with

header stripped off and an anouncement of its
arrival appended to the mail file, listing in hardcopy
for manual delivery, or summoning an operator to
telephone the addressee and recite it verbally.
Since all this occurs outside the telephone
link, it can be handled at leisure by whatever
combination of manual and automatic means the
owners/operatars of the node may decide upon.
However, once the server-process accepts an
FTP/MAIL request, it is mandatory that either an
explicit negative-acknowlegment be given;, or the
message or file be correctly delivered to its
intended recipient. Any node which accepts
messages and then loses them without comment,
will get nasty black marks in the
master-network-directory, and other nodes will be
warned not to trust the offending node, which will
probably result in ostracism until the offending
node is fixed To avoid this, if an operator
discovers that his system has crashed and
obliterated from the disk some message entrusted

to.it, he. (she).should. immediately .telephone-the.

original sender to inform him (her) of the accident
so that he (she) can re-submit the message to the
network. (This of course implies that each node
have some form of backup, such as a hardcopy log
of message headers.)

DETAILED FUNCTIONS OF ALL THE LAYERS:

Radix-41 transmissions:
The mapping between the 41 characters of

the Radix-41 characterset and the values 0 to 40,
is nicely diagrammed in [Wilber, page 41], but can
be summarized briefly. Open parenthesis, "(", maps
to the value 0. Numerical-digit characters "0" thru
"9" map to the values 1 thru 10 (note the. offset,
character "5" maps to value & for example).
Uppercase alphabetic characters "A" thru “Z" map
to values 11 thru 36. "+" maps to 37, "+" to 38,
"-* to 39, and ")" to 40.

To be sure the reader understands the
Radix-41 representation, the most commonly
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misunderstood part of our protocols, | will now
present algorithms for converting to and from
Radix-41.

Three characters of Radix-41, corresponding
to the three numerical values they map to, are
cormbined to make one 16-bit number. The first
numeric value is multiplied by 41%41, the second
by 41, and the third by 1, then these three
products are added. (More efficient is to compute
V3 + 41%(V2 + 41sV1), which only uses two
multiplications and two additions.) Going the other
way, two divisions must be done somehow (the
most efficient way is either a table lookup on 4
4-bit-bytes extracted from the 16-bit' quantity,
adding the four value-triples looked up in the four
tables, or for each division a multiplication by an
approximation to 1/41 followed by a slight
correction).

To convert from Radix-41 characters to
binary, first map Radix-41 to numeric values, then
do the two multiplications to get a 16-bit number,
then break that number into two 8-bit bytes. The
mapping can be done efficiently by range checks
for numbers and upper-case-letters (in either case
a simple subtraction of a constant will finish the
mapping) followed by a check for the other five
characters if the range checks fail.

To convert from binary to Radix-41, first
combine the two bytes into a 16-bit quantity
(unless you are using the 4-table lookup method),
then do the two divisions by 41, using the
remainders and the final quotient as the numeric
values in reverse order (i.e. the final quotient is
the first value, the second remainder is the second
value, the first remainder is the third value), and
finally map to Radix-41 by a simple index into a

All this conversion between binary and
radix-41 actually occurs as subroutines in sbout
the second-next section in this tutorial, however
the algorithms were discussed here so the reader
understands what Radix-41 is and is not before
getting embroiled in halfduplex turnaround and LTB
framing.

(Note, an alternative to Radix-41,
transparant 8-bit mode, is described in [Crane] It
will not be explained in this tutorial. The
discussions below of HDX turnaround, LTBs, and
dropping of the odd byte, apply only to the
Radix-41 mode of transmission. Other sections
apply equally to both modes of transmission.)

Half-DupleX (HDX) turnaround:

To avoid deadlocks when one or two
characters at the end of a transmission is (are)
garbaged, a 3-of-5 majority rule is used. Five
turnaround characters are transmitted, and as soon

‘as at least three of them have been received at

the other end, that node begins transmitting
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without waiting for idle line or the rest of the
turnaround characters. REM made an arbitrary
choice of open and close square bracket (in ASCI,
octal codes 133 and 135, gotten by shift-K and
shift-M on most terminals even if not shown on the
key), which has been tentatively accepted by
everyone in the protocol committee, and so has
been written into our protocols. (If we discover a
high rate of errors, and find two other characters
not already used by our protocols but having much
lower error-rate, we are willing to change this
decision.)

To avoid overlappmg an LTB wﬂh the tail of
the half-duplex turnaround from the preceedmg
transmission in the reverse direction, or even in
the same direction if the node starting to listen will
see its own echo multiplexed with the beginning of
the other node’s transmission, each transmission
begins with a series of five (or more) atsigns.
(Atsigns were chosen, after considerable
experimentation, for their remarkable property of
fixing UART character-misframing, thus assuring
correct UART sync for the LTBs that follow, even if
due to hardware or interface problems the
beginning ‘of a transmission has the UART in some
funny state such as transmitting half a character
then being reset and immediately starting another
character, or interleaving incoming data and echo of
one’s own outgoing data at the bit level (like my
Beehive does when in halfduplex mode!!!)).

Finally, | will answer one of the most

frequently-asked questions, which | always have to

look up myself. Which node transmits "[" and
which node transmits "]" The answer is that node O
(the node that originated the call} transmits "]" and
node 1 (the node that answered the phone when it
rang, which implies an answering modem) transmits
"[*. Thus after-node 1 answers the phone and
starts up the PCNet communication-program, it
transmits [[[[[ to indicate it is listening for the first
actual transmission, then node O transmits eeeee
followed by one or more Link Transmision Blocks
(LTBs) followed by ]]]1]} Then node 1 transmits
@e@eee followed by its blocks followed by [[[[[.
This alternation continues until one or the other
node hangs up after either agreeing with the other
node that they are done, or getting disgusted with
the other node and giving up.

Link Transmission Blocks (LTBs):

In addition to the mapping from binary into
‘Radix-41, each LTB is prefixed by an atsign, and
followed by another atsign. Thus a total of six (or
more) consecutive atsigns occur at the beginning of
each transmission, adjacent LTBs are separated by
two atsigns, and one atsign occurs immediately
before half-duplex turnaround brackets. Atsigns
serve two purposes, correcting UART mis-frame,
and delimiting LTBs at the software level (in fact at
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THIS level right here). Of the two atsigns between
LTBs, the first one fixes the UART so the second
will get through to software, and the second one
{(or the first if both get through) tells the software
to finish any preceeding LTB that it was parsing
and to start another as soon as a valid Radix-41
character (not atsign, not brackets) occurs.

An LTB as actually transmitted, therefore,
consists of one atsign, 3*N Radix-41 characters
(representing 2tN 8-bit bytes that are one TB),
and one more atsign.

- After a LTB (delimited by atsigns) is parsed,

it is ‘mapped into binary usmg the. subroutine

detalled earlier. If its Iength is not a multiple of 3,
the mapping fails and it is rejected |mmedtatey
Also if it is exactly O or 3 characters long (the
former check is an easy way to determine the
nothing between two consecutive atsigns that
occur between LTBs, namely you pretend it is an
LTB then reject it because it is too short to really
be one).

If timing is critical, it may be necessary to
buffer up a complete transmission without checking
validity of LTBs, or even without parsing them at
all. Al checking can be postponed until after
half-duplex turnaround. On the PET, using BASIC,
even that trick loses, and it is necessary to make
the main loop buffer up incoming characters
without even checking for turnaround-brackets.
When the main loop detects that no character has
arrived, it lets a second loop, a co-routine, steal a
moment of CPU time to perform one step in a loop
that searches the buffer for turnaround-brackets.
{Two routines are co-routines, as contrasted with
one main routine and one sub-routine, if each
returns to where the other left off, rather than one
of them (the sub-routine) always being restarted.)
Thus during the actual transmission the HDX-search
co-routine lags far behind, then has time to catch
up while the line is idle after HDX turnaround, at
which time it finally sees the brackets and signals
turnaround.

Odd/Even checksum:

This check, and the next three, can be done
in any of the twenty-four possible sequences. The
order shown here is random, but based on
heuristics (actually prejudices). In actual fact the
most  efficient sequence is probably (1)
drop-odd-byte (2) compare length (3) check
orig/ans (4) compare checksums.

All the odd-numbered bytes are added up,
modulo 256, and compared with zero. All the
even-numbered bytes are added up and checked in
the same way. (This can be done in a single loop
by swapping the two running sums and always
adding to the same varigble) If either resuit Is
nonzero, the block is rejected.

When transmitting a block, it’s a littie more
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tricky because the two checksums obtained must
be complemented before appending to the TB, and
the appending must be "reversed" if there is an
odd number of bytes so that the receiving node
will get zero for each alternating checksum. See
below for more on the extra zero byte added after
the checksum when the TB has an odd number of
bytes.

Qriginate/Answer flag:
. The octal 200 bit in the first byte of the TB

is the originate/answer flag. It equals the node
number of the sender of the block, which is the
complement of the receiving node number.
(O=originate l=answer, referring to original
establishing of connection as well as to modem
frequencies. Nodes not using Bell 103 protocol, for
example radio links, must agree who is node 0 and
who is node 1 before blocks can be exchanged.)

~ When receiving a block, if this bit isn’t the

complement of one’s own node number, the block is
rejected.

" Drop odd byte:
If the TB-length, which is the complete

second 8-bit byte of the TB, is odd, there is an
extra zero byte (the last byte from Radix-41 to
binary conversion, which is the next byte after
TB-length has been exhausted) at the end of the
TB which must be ignored. The easiest way to
handle this is to decrease-by-one the local
variable that tells the actual size of of the TB
decoded from Radix-41 (before this step it will
always be even, and if this step is performed it
will then be odd like the TB-length in the
second-byte already was).

#t is reccommended, if you can afford the -

code, to first check this byte to be sure it really is
zero, and to report an error if this check fails after
the other three checks have succeeded.

Length:
The length as specified in the second byte

should now equal the received-TB-size minus two
(because the checksum bytes and the extra zero
byte aren’t counted, and the extra zero byte has
already been deducted). If this step is performed
before removing the extra zero byte, then the
TB-length ROUNDED UP TO THE NEXT EVEN
NUMBER is compared with the received-TB-size,
instead. If the checksum has already been
computed, and discarded from then
received-TB-size, AFTER REMOVING THE EXTRA
ZERO BYTE IF TB-LENGTH IS ODD, then you don't
even have to offset by two, the two counts will
exactly agree. In any case, when receiving a block,
if the lengths disagree the block is rejected (thus
two biocks concatenated, whose checksums will
always combine to yield zero, or a block which has
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been truncated but whose received part is all zero
thus adding to zero, will be rejected. Even a
steady stream of zero values, represented by the
open parenthesis character, will be rejected,
because the TB-length in the header of the TB will
be zero whereas it should be at least two. Even if
it it is two due to noise on the line, it is unlikely
that a checksum of exactly 376 to offset it could
be created by the same burst of noise without
messing up the other interleaved parity.).

Sequencing of blocks modulo 8:

The first two bytes of each TB are the
header. We’ve discussed everything in it except
the two sequence fields. One (called SEQ) is the
sequence humber (of the TB it is in) modulo 8 and
the other (called REVNAK in our current software
-- this term as well as SEQ, RCVNAK, XMTNAK and
XMTGEN may be changed in later documentation
and software) is a sequence number for
not-yet-received blocks traveling in the reverse
direction. The latter is of interest to the transmit
pipeline when we receive a TB containing it, and is
taken from a globally-available parameter in the
receive pipeline when transmitting a TB. As it sits
inside (first byte, mask 007) the TB, | call it
REVNAK  which means "REVerse Negative
AcKnowledgement”. It comes from the RCVNAK
variable of the transmitting node, and is stored in
the XMTNAK variable of the node that receives it.
Thus it is affiliated with the REVerse process to
the one that is actually passing it across the phone
line.

The SEC field refers to the TB it is in,
identifying its sequence number modulo 8 (i.e. a
3-bit number). When constructing a TB for
transmission, a local variable XMTGEN is used to
generate this field, then XMTGEN is increased by 1
(modulo 8) to be ready for the next TB to be
constructed. The XMTGEN variable in each node
starts at zero, thus the blocks sent by each node
are numbered 0,1,2,3,4,5,6,7,0,1,2,3,.. This block
number, a 3-bit field in the TB header (octal mask
070 in the first byte), is then used by the
receiving node to decide whether it has already
gotten it, is expecting it now, or isn’t yet ready for
it. The first and third cases are generally
indistinguishable.  In either case the block is
ignored except that since the checksum etc. all are
ok it is known to be A BLOCK from the other node
hence the REVNAK field can safely be copied to
the XMTNAK variable the same as if it was a block
that was accepted. (Normally the storing of
REVNAK into XMTNAK is done just before the block
sequence number is checked, but of course after
all parity+length+extrazero+originate checking is
done.)

If the received block is numbered exactly
the same as RCVNAK (oldest still-not-received
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block, initialized to zero) then the header and
checksum are stripped away and what’s left is
passed up to the pure-binary stream (if the TB
length was exactly two, then there are exactly
zero bytes of data, so nothing is passed up) and
the RCVNAK is increased by one and reduced
modulo 8. These two steps, passing up data and
updating RCVNAK, must be properly synchronized
(if this software has multiple processes active at
the same time) so that it is impossible to get two
copies of the same block and accept them both.

If a node is capable of buffering more than
-ohe block at. & time; then it is. possible to: get an
acceptable block that isn’t the very next one but
which can be saved at the receiving node until the
intervening one(s) get (re)transmitted to fill the
gap. Then when the one matching RCVNAK finally
arrives, after updating RCYNAK another check is
made to see if the one matching the new value of
RCVNAK has already arrived, in which case it too
can be unbuffered and passed up to the
pure-binary stream, RCVNAK updated again, and
the test for already-arrived-RCVNAK-equal block
repeated until it finally fails. (At most four blocks
can be receivable at one time, thus at most three
blocks already buffered can be emitted when the
one before them finally appears. This limit of
4-out-of-8 is absolute, there is a counterexample
{or scenerio) that demonstrates that with a window
of 5 or more out of 8, a block can be mistaken for
one 8 earlier or later and thus completely destroy
function of the link. This fact won’t be apparent
until we’ve finished discussing the function of the
REVNAK field and the XMTNAK variable.)

The function of the RCVNAK variable, as
observed from the outside (in particular from the
transmit pipeline which may run asynchronously at
the same time as the receive pipeline when in
full-duplex mode) is now describable. At any
moment it equals the number of the oldest
not-yet-received-and-completely-processed block.

Each time the transmit pipeline sends a
block, at the last possible moment before
transmission (just before converting to Radix-41),
it copies the RCVNAK variable into the REVNAK
field of the header, and recomputes the checksums.
(Note this also occurs on retransmission of a biock,
thus it is always current in realtime at a moment
just before the start of the LTB output) The
effect is that the REVNAK field is an implicit
acknowledgement of all blocks (in the other
direction) preceding the one numbered REVNAK, is
an explicit negative acknowledgement about the
one numbered exactly REVNAK, and is a "no
comment” on all later blocks that might have been
received and buffered or might not have yet been
received.

We may define the time that an
acknowledgement really happens to be the instant
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when the node receiving the block, after checking
parity etc, stores the REVNAK field into the
XMTNAK variable. Thus at any moment, the
XMTNAK variable in a node equals the sequence
number (modulo 8) of the oldest outgoing block
that hasn’t ye! been acknowledged by the other
node. When XMTNAK equals XMTGEN, it means
that all outgoing blocks constructed earlier in this
session have been sent and acknowledged.
Otherwise it means the blocks numbered from

. XMTNAK up to but not including XMTGEN are either

somewhere on the round trip out (as blocks) and
back. (as implied acknowledgements), or have been
lost somewhere due to line noise or lost characters
due to too-slow software or other problems. A
heuristic algorithm in the transmit pipeline uses
XMTNAK and XMTGEN as well as any other
information available, to decide whether to
retransmit a block that still hasnt been
acknowledged, transmit a new one while waiting a

little longer for the wayward block to get

acknowledged, or perform half-duplex turnaround.
In the simplest implementation, which is the default,
a window of 1-out-of-8 combined with half-duplex
mode makes the choice obvious, namely upon
getting turnaround the program checks XMTNAK
against XMTGEN. If XMTNAK+1=XMTGEN (mod 8) it
retransmits XMTNAK block. If XMTNAK=XMTGEN it
constructs a new block from queued data (if none
there’s some hair, consult REM and look at a listing
of the program PCNSR3.SAl for details). The other
six possibilities are impossible, thus indicate
programing bugs or faulty hardware inside one
node or the other.

Pure-binary stream: .
The data portion of TBs arrives as a stream

of bytes (or as successive arrayfuls of bytes, one
array from each TB). It may be fed directly to the -
PPSB parser, or buffered first. In any case there
should be an explicit control point through which all
incoming pure-binary data passes, and another
similar control point for the transmit pipeline, so
that software below this level can be made almost
totally independent of software above this level,
and so that during debugging a trace can be
installed to see what is getting thru these two
points (rcv and xmt pure-binary) in the software.
Why break the software at these two points?
First, because it is the only place in the entire
software, other than the UART interface, where a
conceptually-clean place gets 100% of the data
flowing through the software. Second, it is a
natural place to splice different protocols together.
During initial testing of the bottom half of the
protocol it is common to put the software in
loopback mode by feeding all incoming data right
back out. Slightly later the lower half can be used
almost-stand-alone for file-transfer using a simple
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top-half kludge (halter-top?) that is initiated
manually at each end or semi-automatically by a
restriction on the characterset and a convention for
detecting end of file. (The program PCNSR2.SAl is
an example of this) Another possibility is to
replace the bottom half by some commercial data
network that guarantees  100% - perfect
transmissions of 8-bit bytes, or by the bottom half
of the DIALNET protocol, or by one of the new
bit-synchronous communications protocols.

PPS Blocks:

At the node level, data is explicitly broken
up into PPSBs, each of which is one segment of a
PPS (Process-to-Process Stream). |f necessary
these can be multiplexed (complete PPSBs from
one PPS located between those from another PPS,
but a PPSB isn’t broken internally, thus a PPS can
be broken only at PPSB boundaries). The very
first byte of data in the very first LTB, during any
given session, is also the first byte of header of
the first PPSB in that session (this applies
separately to the two pipelines, one in each
direction, transmit and receive). Once the pipelines
have started, the PPSB-LENGTH field in each PPSB
determines where it ends, and the next PPSB
starts immediately after (the next byte of the
pure-binary stream). Since the data in the

pure-binary stream is 100% accurate, no errors can
happen in parsing (except by failure of the
equipment, which is assumed to not happen), so no

other framing is required. In the default mode, with
LTBs and PPSBs synchronized, there is additional
redundancy that can be used to detect such
“never-happen" failures.

The first PPSB in any PPS has two fields not

in-later -PPSBs, namely-a SOURCE-PROCESS end -

DESTINATION-PROCESS number, each 8 bits. The
DESTINATION-PROCESS field is used to direct the
PPS to the correct piece of code to start
processing the PPS. After the PPS has started,
that code passes control to whoever will really be
reading the PPS, which may be a
specially-generated entry point, or a throw-away
sink if the PPS isn’t acceptable for receipt. The
SOURCE-PROCESS field is used in case the
DESTINATION-PROCESS wants to open a PPS in the
reverse direction, it uses the SOURCE-PROCESS of
the original PPS to fill the DESTINATION-PROCESS
field of the reply PPS.

Every PPSB has the following fields:
BLOCK-LENGTH (used to parse PPSBs in
not-delimited end-to-end format of the pure-binary
stream), PPS-NUMBER (used to identify which PPS
it is part of), BLK-NUMBER (sequence number
within that PPS, starting at O for the first-PPSB
which has the two extra fields described above),
and LAST-BLOCK-BIT (1 if this is the last block of
the PPS, so that the PPS it is in will be formally
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closed at the end of this PPSB, otherwise the PPS
will be kept open waiting for more PPSBs).

Normally the block number is almost
redundant. If it is zero for a PPSB that isn’t part
of a known PPS, it is assumed to be block O (rather
than block 8 etc.), and the DESTINATION-PROCESS
field is checked for legal values (O and 1 currently,
except when it is a reply to an IFTP), otherwise it
is a non-first block and can be ignored. Note that
at most 8 PPSBs can be sent in a new PPS before
getting positive confirmation that the other node
has actually accepted the PPS, otherwise block 8
might be confused with a new block O attempting
to open a new PPS.

In advanced nodes with multiple link-levels
over separate dialup lines to increase effective
bandwidth, the PPSBs for one PPS can be
distributed to different link-levels, and the block
numbers used for reassembling them in correct
sequence. But this is not likely to happen for quite
a while!

Note that if the process originating
(SOURCing) a PPS realizes after it has already sent
the last byte in a PPSB with LAST-BLOCK-BIT
zero, that the PPS should now be closed, it can
simply send a PPSB with BLOCK-LENGTH equal to
exactly 3 (i.e. 3 bytes of header and O bytes of
data) and with LAST-BLOCK-BIT set. Thus it is
never too late to close an open PPS. There are
also methods to abort a PPS rather than closing it,
usually to signal some error condition.  This
capability is included in the control messages listed
in [Maas WR2], -

Process-Process Stream:

After deciding where to send the data part
of-a-PPSB;and-stripping off the 3-word or 5-word
header (5 for the first PPSB in a PPS, 3 for later
PPSBs in the same PPS), the remainder of the
PPSB (up to 255-3=252 or 255-5=250 bytes,
minimum 5-5=0 or 3-3=0 bytes) is passed up to
whereever it was supposed to go, to be
interpreted further by whatever program is located
there. Two such programs, the Control-listener,
and the FTP/MAIL server, are defined presently.

Process#0 -- meaning of link-control messages:
The Control-listener gets any PPS that is

addressed to destination process 0. Each PPS
must consist of exactly one PPSB, with the
LAST-BLOCK bit turned on (1). Any multi-PPSB
addressed to precess O is considered a violation of
protocol.  Each PPSB to the Control-listener
consists of exactly one control message. The first
byte (of PPSB-DATA) is the control opcode, and
any remaining bytes are arguments. A list of
currently designed control messages are in [Maas
WR2]. Almost all them can be ignored safely by
unfancy nodes.
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Process#1 -- protocol for transferring a file
{message or other):

All PPSs directed to DESTINATION-PROCESS
1 are fed initially to the FTP/MAIL listener. - After
a PPS has been opened, a siightiy different entry
address will probably be set up so that the rest of
the PPS can be processed without constantly
rechecking for same/different PPS number. Usually
a dispatch table for currently-open PPSs will exist
in the PPSB parser, and simply changing an entry in
it will switch a stream to a different piece of code
without affecting anythng else. Any new PPS
addressed to process 1 will go to the original
FTP/MAIL listener, which will then note that an
FTP/MAIL is already in progress and either ignore
or signal abort unless the computer can handle
multiple simultaneous file transfers (a rare situation
even on large computers).

" The general protocol for transferring a file is
as follows: The node wishing to send the file first
sends a IFTP (Initiglize File-Transfer-Process)
request to process 1 of the node that will (maybe)
receive it. That node then checks to see if the file
is small enough to fit in available storage, and if not
replies with a NO-I-WON'T IFTP message. |f,
however, the IFTP is acceptable, it replies with an
I-WILL IFTP message. Then on the same PPS as
the original request, the sending node transmits an
FTP/MAIL opcode of PLEASE-DO TAKE-THIS-FILE
followed by actual data of the file all the way to
the end of the PPS which is then closed. Finally a
reply of either I-WILL TAKE-THIS-FILE containing a
checksum of the data received {(zero if no
checksum was computed) if it was successful, or
I-WON'T TAKE-THIS-FILE with some error code if
not. The receiving process should actually safely
close the file it is writing into storage, before
sending the I-WILL .. <checksum> confirmation of
completely successful transmission.  After the
transmitting node gets the confirmation, and
verifies the checksum is correct or zero, it may
safely delete the copy it was reading from.

Local interface between FTP/MAIL-server and
mail-forwarding gueue:

This is mostly up to the operators of the
computer.

Local mail-forwarding program:

General guidelines for forwarding of
messages are in [Deutsch], [Bourn), and [Maas]
(respectively, MAIL/FTP protocal,
worldwide-addressing, and final-delivery). How
forwarding is actually accomplished is up to the
individual operator(s).

Local mail-creating/editing/receiving program(s):
When creating a message or initializing an
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FTP, the correct header should be put at the start
of the file. The forwarder and the protocol
program can then handle it as a chunk of dats,
examining the header when necessary to see what
to do with it next. When delivering the message
to the addressee, it is optional how much of the
header to keep, how much to edit to make it
prettier, and how much to purge. All this is up to
the operator(s) of the system.

SUMMARY:

We hope that this tutorial has helped the
reader understand most of internal workings of the
program that at one end of a phone connection
automatically maps files down through the layers of
protocol and transmits them out the telephone line,
and at the other end receives the LTBs and maps
them up through the layers to construct a copy of
the file. Formal specifications of these
communication protocols are given in [Crane]
Specifications of how a message-forwarding
network is built upon these protocols are given in
[Wilber], [Bourn] and [Maas WR2]. These and
other documentation and tutorials from the PCNet
Committee are available at a nominal charge to
cover the cost of reproduction and mailing.
(Contact the author, or any of Dave Caulkins, Mike
Wilber, Ron Crane or Peter Deutsch.)

At the time of final-editing of this tutorial
(1978 January 16), protocols are working on
several PDP-10 computers, and this software has
been partially transferred to the PET (using BASIC)
and to the Altair (using assembly language). It is
hoped that we can have several micro-processor
nodes fully-working and doing useful
electronic-mail service by the time this paper is
presented at the fair.

REFERENCES:

[Bourn] "A Proposal for Addressing Stations of the
Personal Computing Network”, by Doug Bourn, an
internal working paper of the PCNet Protocol
Committee, available by photocopy means only.

[Crane] "PC Net Communiation Protocols”, by Ron
Crane et al, a working paper of the PCNet Protocol
Committee, in press (online file PROTQ.PB1).

[Deutsch] "Mail Transfer and Forwarding”, by Peter
Deutsch, a working paper of the PCNet Protocol
Committee, in press (online file SERPRQ.TTY).

[Maas] "Final Delivery of Messages”, by Robert

Maas, an internal working paper of the PCNet
Protocel Committee.
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[Maas EXPERI] "Experiments Sub-Committee of
PCNet Committee - Status Report”, by Robert
Maas, continually-updated file (online file EXPER.I).

[Maas FLO] "Flowcharts Showing Data and Control
Interfaces between Modules in  PCNet
Protocol/Software”, by Robert Maas, in press
(online file PROTO.FLO).

[Maas RAD41] "Explanation of Radix-41 in PCNet",
by Robert Maas, in press (cnline file RAD41.WRU).

[Maas WR2] "The Design of the Personal-Computer
Network {(PCNET)", by Robert Maas, in press
(online file PROTO.WR2).

[Wilber] "A Design for a Network of Community
Information Exchanges”, Mike Wilber, presented at
the first West Coast Computer Faire.
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MICRO'S IN THE MUSEUM-A REALIZABLE FANTASY
DISNEYLAND ON YOUR DOORSTEP?

JiMm DunioN, THE AMERICAN Museum ofF Eneray, P.0. Box 117, Oak Ripee, TN

Abstract

The American Museum of Energy in
Oak Ridge, Tennessee has recently begun

a program to introduce and develop micro
computer technology in a museum environ-

ment.

The museum has some data processing

requirements, which, although not very
elaborate, form certain pre-requisites
for additional computer activities.
Micro-computers are being util-
ized in museum exhibits in two ways.
Some are complete, stand-alone,terminal
oriented exhibits. These exhibits

allow certain energy topics to be intro-

duced to the public, as well as provide
a means for receiving direct feedback
as to public opinion. Longer range
plans call for building micro-computers
directly into certain interactive
exhibits.

Beyond the direct utilization of
nicros in exhibits, the museum is an

active resource for computer technology.

This is accomplished in several ways:
oy offering beginning classes in micro-
computer technology and programming, by
sponsoring computer activity events at
the museum, and by actively soliciting
and promoting community participation
in museum activities and developmental
srojects.

doving Micros into the Museum

The American Museum of Energy in
dak Ridge, Tennessee (AME), has recent-
Ly initiated a program to introduce and
jevelop micro-computer technology in a
nuseum environment. The need for such
A program ties in very closely with the
current energy situation in the United
States. The AME operates under a
contract from the bDepartment of Energy,
and has as one of it's main functions
to increase public understanding of
science and technology, with particu-
lar emphasis upon energy issues. Since

the energy program that President Carter

announced contains a major shift in
emphasis away from developmental energy
programs towards fossil fuel usage and

. WEST COAST COMPUTER FAIRE

169

conservation methods, the need to
educate the public as to the real
energy situation and what they can do
about it is more urgent than ever.
It is the feeling of the museum staff
that microcomputers can play a major
role in increasing the effectiveness
of this educational process.

Studies performed at this museum
and others indicate that a great deal
of care must be taken in planning
exhibits if they are to successfully
transfer meaningful information to a
visitor. The average time spent at an
unattended exhibit varies between 30
seconds and several minutes. Thus
exhibits cannot rely too heavily on
written text, but must incorporate
interesting graphics and audio-visual
presentations. The current tendency
at science and technology centers is
to design interactive exhibits with
which visitors can participate. Most
exhibits currently manufactured employ
hard-wired circuitry and electro-
mechanical devices, making them expen-
sive to design, implement and change.
Again, the feeling at AME is that
micro-computers can make a significant
impact on exhibit and display technol-
ogy. So, the AME decided to take the
bull by the horns and instigate a
program to develop and implement this
technology.

Who's Involved

The primary motivating force
behind this move is Robert F. Content,
the chairman of the Museum Division of
Oak Ridge Associated Universities. He
is well acquainted with computer
technology, having served as asst, dir.
of the Lawrence Hall of Science at
Berkeley. During his tenure there, he
was responsible for developing the
Hall's public access to computers
program which has proved to be ex-
tremely successful.

However, at the Lawrence Hall of
Science, as well as at most science
and technology centers, there is an
almost exclusive reliance on mini-

BOX 1579, PALO ALTO CA 94302 ,



computers. It is now time to put micros
in the museum.

The first step in this project
to acquire some computer eguipment.
museum already had two Wang 2200's, and
a PDP-8, but these are utilized for in-
ternal data processing and in a couple
of existing exhibits. To get things
going, four SOL's from Processor Tech-
nology and two Silent 700 terminals from
Texas Instruments were purchased.

Next, a specialist in microcomputers
and personal computing, Jim Dunion, was
hired to head up this developing program.
He brought with him a Compucolor 8001
with a floppy disk. At that point, the
museum faced a somewhat unusual situation,
equipment rich-people and software poor.
With that in mind, the watchword of our
program became - cooperative development.
In a nutshell, we hope to solicit help
from the local community in Oak Ridge and
Knoxville in developing microcomputer
technology in the museum. We provide
the equipment , the educational training,
and the projects. In turn, we hope to
receive time and software from interested
individuals.

was
The

Major Areas of the Program

We have broken our program down into

four main areas.
1. Social
2. Educational
3. Developmental
4. Communal

The social aspect of our program is
intended to generate interest in the
museum's computer activities. &
showmanship, if you will. We have
started a series of computer activities
nights at the museum. These sessions
are aimed towards familiarizing the gen-
eral public with the capabilities and
benefits of personal computing. Each
session is keyed around a central theme,
such as the recreational uses of computers
or computers and art. A typical night
will consist of a movie about some aspect
of computers, a technical talk (in terms
that laymen can understand), several
systems running demonstration programs,
and refreshments.

Our educational program will proceed
in several discrete steps. Initially we
are holding a two to three hour seminar
called, An Introduction to Personal
Computing. After presenting this talk
several times, we will initiate two
short courses,

1. Understanding Personal
Computers

2. Beginning Programming in
Basic
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After these classes have been
conducted a few times, we will then
begin offering more specialized topics
such as:

l. Game Playing with
Computers

2. Advanced Programming
Technigques

3. Special Projects

4. Computers for Kids

One of our goals for this part
of our program is to interest local
programmers and personal computing
enthusiasts in teaching these and
other courses. Hopefully also, some
of the students that we train can
then turn around and teach future
classes.

The developmental portion of
this program promises to be one of the
more interesting aspects of our
approach. We have identified four
major research areas of interest for
developing micro-computer technology
in the museum. We have begun acquiring
additional hardware to configure
systems in different work stations
for these projects. As local students,
hobbyists or just interested indiv-
uals begin working with us, we will
coordinate special assignments in
these research areas to provide some
training and experience for the
workers, and of course, exhibits for
the museum. The research areas are:
Verbal Information
Systems
Color Graphic Display
Technology
.Electronic Bulletin
Boards
Automated Exhibit
Technology

Verbal Information Systems

The primary goal of this project
is to develop an energy information
system that anyone could walk up to
and ask certain questions about energy
technology or energy policy issues.
The catch is, we want the input to be
spoken language, and the output to be
synthesized speech, clearly not a
trivial task. This project will involv
voice recognition, speech synthesis,
natural language understanding, data
base management, and artificial intell
igence. 1In addition to a SOL computer
we will add a voice recognition unit
and a speech synthesized& for the
initial system configuration.
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Color Graphic Display Technology

One of the systems we have avail-
able is a Compucolor 8001, which is a
color graphic device. We already have
a number of interesting games and demon-
strations for this system, but the
feeling of everyone who sees this sys-
tem is that we are just scratching the
surface. We need to develop programs
that make the creation of displays and
games easier. Such programs might
include a complete graphics package
(vector graphics are already provided),
a rubber-band drawing system, an ani-
mation package, etc.

We already have some specific
exhibits in mind to use this system.
Particularly in light of the fact that
Intelligent Systems Corporation, who
manufactures the Compucolor, is prepar-
ing to announce the Compucolor II, a
scaled down version rumored to sell for
under $1000.00. We plan to place an
orientation device in the lobby of the
museum that will present certain infor-
mation about the museum. One thing that
will be displayed will be a floor plan
of the museum. Visitors will be allowed
to specify certain rooms of the museum
on the display (probably using a light
pen), and then receive more information
about the exhibits in that room. We
feel that if visitors have an overview
of the museum before they start their
tour then the visit will be more mean-
ingful.

Another use for this system will
be to provide interactive simulations
of such things as global energy systems,
household energy conservation, nuclear
reactions,etc.

Finally, we are designing several
games oriented around energy. These
are right now called The Energy Game
and Embargo.

The hardware for this project
area is already complete.

Electronic Bulletin Boards

The Electronic Bulletin Board will
provide a message posting system, text
editing and word processing, newsletter
preparation and information about on-
going projects (both energy and compu-
ter related).

We are currently looking at text
editing and word processing software
for this project. In addition, we
plan to install a telephone interface
so that the system may be accessed
remotely. Currently, our plans call for
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using one system to act as the phone
access and also to control a hard
disk mass memory device. This in
turn will interface to the other
systems for both remote access and
downline loading of programs.

Automated Exhibit Technology

The purpose of this project will
be to provide expertise in controllinc
electro-mechanical devices. Right now
this is the most speculative of our
projects. Our first goal will be to
develop a small, inexpensive robot
to work with. We will probably use
the basic design presented by David
Heiserman. We also want to install
a visual input system. Naturally,
we will be very active in the
United States Robotics Society.

As is probably apparent from
the description of these research
projects, we hope to make them
exciting and interesting enough so
we can attract a lot of local talent
to work with us.

The Museum as a Community Resource

As part of our program to attracit
co-workers, the museum is actively
promoting the idea that we are a
community resource. We are doing this
in several ways. First, we are
sponsoring and supporting local
computer hobbyist groups. There is a
club in Knoxville that has been active
for some time now, and a club is just
forming in Oak Ridge. The facilities
of the museum are available (to some
degree) to these groups. The actual
mechanisms of this availability will
have to be worked out as the program
proceeds.

We have also initiated a lecture
program that is geared towards local
civic groups. The main topic is
Computers and Energy (with a huge
plug thrown in about the museums
computer activities, naturally).

Finally, we are trying to acquire
as many publications in the personal
computing field as possible, so that
they may be available for local
hobbyists. We are also gathering as
much software as we can, software in
the public domain that is, and will
transfer this software to interested
parties. We are particularly inter-
ested in software relating to energy
or simulations related to energy.
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HELP

The museum's program is still in
the developing stage. One thing we want
to emphasize is that we very much want
and need as much help as possible in this
endeavor. Advice, software, hardware,...
are actively solicited. We hope to
expand this into a national program, and
towards this end we will be publishing
a newsletter tying together the personal
computer movement and the Association
of Science and Technology Centers (a
group of 80-100 such institutions). This
newsletter will be available to hobbyist
clubs, schools, etc.

The impact of micro-computers on
our everyday life continues to grow.
We think that their introduction into
a museum environment will be very
significant indeed. Perhaps in a few
years museum exhibits will resemble
Disneyland rides. With your help, and
our efforts, we'll put micros in the
museum.
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THE MARIN COMPUTER CENTER - A NEW AGE LEARNING ENVIRONMENT

David and Annie Fox
Co-Directors of Marin Computer Center
70 Skyview Terrace Room 301
San Rafael, CA 94903

Abstract

Marin Computer Center is a project of Ulenar, a non-profit, educational
corporation, whose main goal is fo bring the wonders of advanced technology (computers
and the like) within the reach of all people.

We have set up 10 microcomputers in what was formerly the library of Oakview School
in San Rafael, California. In a spacous, well-1it room, with beamed ceiling, orange
carpeting a many plants, we've created the kind of comfortable environment that has
never before been associated with computers.

We will describe how MCC came to be, what it is, and where we plan to take it.

How |+ All Began

Marin Computer Center was seen as a vision at first. We came upon the idea - or it
found us - quite unexpectedly in mid-August of 1976. How strange it seems now, and yet
very natural all at the same time.

To say that computers and the world they represented was far from the world that we
inhabited then would be a gross understatement. At that time in our lives, and for
several years prior to that time, we were "spiritualists" - lovers of the occult,
psychic realm - followers of numerous "personal growth" excursions - always seeking.
We considered ourselves very much the "humanists" - with our respective careers of
teaching and counseling.

We felt that not enough people were coming in contact with new ideas about
themselves, not enough people were growing in their personal lives. The question was,
how to introduce the vast majority of Americans to themselves. We took a look around
and noticed the beginning boom of video games. What if we developed a video game in
which people could learn more about themselves and their relationships with others in
the process of playing? Of course, the stated purpose of the game wouldn't be personal
growth, that would just be a side effect of playing it.

From this idea we jumped to a fantasy of a huge complex similar to Disneyland. The
main difference would be in the participation level of the visitors. Disneyland is fun
but it is essentially a place where they "do it to you". You watch animated dolis while
riding on a boat or go for a submarine ride and watch sea serpents looming at you. No
one is given an opportunity to interact with the environment, to play with the
environment in a way where some new and unique learning experience would result. We
envisioned a technology playland where all this could happen. To actually "person" the
deck of the USS Enterprise with other visitors and make contact with other worlds. To
warp your own intergalatic vessel around the universe while looking through a three
dimensional viewscreen and experiencing the force of acceleration. To fee!
weightlessness in a zero gravity room. The movies "Westworld" and "Futureworid" are the
closest we've seen to this idea. Of course, the conflicts of man versus machine in
those films represent the fears we wanted to help people overcome in order to make the
most of technology. .

With our long range goals set, we had to find something which we could accomplish
with today's technology. The concept of the Marin Computer Center was born. We
embarked -- whole-heartedly without a backward glance. It seemed as if we had been
running full steam in one direction - then one day screeched to a halt for no externally
apparent reason - and zoomed off at twice the velocity down a new road!

It may seem strange that fwo people with no technical background would be audacious
enough to enter the hallowed grounds of "computer!and", but somehow our naivete has
served to make the whole thing unique and appealing in the eyes of others.

. We created Marin Computer Center because we felt that there needed to be some
educational facility that would bridge the gap between peoples' fears and their natural
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curiosity about computers. |t seemed evident to us that the rapid growth of the
personal computing industry would result in a "computer in every home" by the early
1980's. Judging that as an inevitabilify and evaluating the prevailing attitude about
computers, it seemed obvious that people needed a painless way to ease themselves into
the Computer Age.

Many people feel that computers are cold, dehumanizing instruments of
totalitarianism. The image of Big Brother and the "Computerized Society" seem to go
hand in hand. At least that has conventionally been the fictionalized view. We would.
be the first to admit that in the recent past computers have been used in ways that have
resulted in general feelings of powerlessness and compartmentalization. However, it is
important to distinguish between computers (the species) and how they've been used. |In
other words, it is short-sighted to condemn a device simply because of the misuse and
abuse it has suffered at the hands of people with something less than the "common good"
in mind.

Alarmists and political paranoids argue that computers are potentially dangerous in
that they can be used to store incredibie amounts of very personal data and then recall
that information at an astonishing rate. They become uneasy at the thought of the
"Master Computer™ controlled by the CIA.

The Computer is a powerful fool. And it, Iike many powerful tools throughout
history, has been used and misused by people who seek power for purposes of both good
and evil.

When the printing press was first invented, the church began to fear its use for
the purpose of widespread propaganda against Church Doctrine. They launched their own
campaign against the machine, condemning it as a tool of the Devil. One would have to
admit that there have been some pretty libelous, degrading and socially unredeeming
things that have been presented to millions of people in the form of the printed word.
However, one would not be hard pressed to think of just a few of the beautiful,
inspiring, and beneficial things we have experienced through our exposure to words in
print.

So which is it? Tool of the Devil or Invention of Enlightenment? Actually the
printing press is neither. The prnting press is just a machine that prints words on
paper. The discussion is arbitrary and meaningiess. The same is frue of the debate
about the potential joys and evils of a computerized society.

Computers are here to stay. And the general public needs to start taking
responsibility for its own personal participation in the world of computers. Because
they are such "all purpose™ machines, it is up to us to decide which of their various
purposes are ones that we want to support.

Marin Computer Center's main goal is to "introduce people of all ages to computers
and..the.advanced technology which they.represent..in. order that anyone might begin . -
participating in the process of computer assistance for society".

When we started we felt certain that our objectives were valid and would serve a
valuable function in this society. But lofty goals and innovative plans are meaningless
if they cannot be manifested in the physical universe. And in order for our dream to
take a real form we needed money.

Our quest for capital led us to dozens of private foundations. We spent six months
peddling our grant proposals with no success to speak of.

For long periods of time our goal seemed extremely distant and as likely as a
winning sweepstakes ticket. In the face of such overwhelming odds and dispair, were we
discouraged? We sure were! Weeks went by and nothing happened - no forward movement;
our plan was stagnating and so were we. Many times it seemed as if we continued with
our phone calls and letters just to spite all the people who thought we were crazy to
persist with an idea that couldn't get off the ground. And |I'm sure we must have been.
Crazy enough to continue persisting even though the Foundations weren't exactly beating
a path to our door, we knew it didn't mean that money couldn't be obtained through
another source.

So we did what most people do when they need money - we hit the banks. And lo and
behold, with the help of a friend (with more financial credibility than we had) our loan
application was approved!

That was in July of 1977 - a full eleven months after the whole idea was hatched!

In the two months that followed, we rented 5,000 square feet in a beautiful school
building, ordered and received nine Sol-20's and one Equinox, obtained some programs,
invited 300 people to an Open House, placed three ads in local newspapers - and held our
breath.
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Visiting the Center

On September 10th we opened our doors - at long last Marin Computer Center had
crossd over into the physical universe. Over 700 people showed up for our Open House
celebration and during the past six months they have steadily continued to come. Little
children with ftheir parents, neighborhood kids stopping in after school, handicapped
chitdren and adults, older people ~ all with their interest in computers to guide them,

MCC was created to give people an experience of computers and the advanced
technology which they represent. |In the first few months that we've had our doors open,
we have in fact been providing that kind of experience in addition to many other kinds
of experiences that we had not anticipated.

For example, on Saturdays MCC provides a place for families to come together in an
attractive and calm environment for a unique "learning experience". We see them come
in, wide-eyed and slightly apprehensive. They have heard about this place from friends
of theirs (who had "a terrific time") so they thought they'd see for themselves. They
don't have any idea what to expect and frankly, they've got their guard up. We greet
them and make them feel welcome. We acknowledge the uncertainty they are exuding and
they begin to feel that they don't have to pretend that they're feeling at ease when
they're not - their anxiety is understood and then they begin to relax.

We tell the newcomers about our set-up, in terms that they can relate to. We talk
about why we've created this center and that we're glad that they've come to explore.
After talking for a while, we suggest a computer game that might interest them, load the
machine and let them settle in for the fun of confronting a new learning experience.

. Adults and children relate to new learning situations in totally different ways.
We have learned much from observing people with computers. Children seem to be very
much attracted to the CRT terminal - because of their familiarity with TV and home video
games, children between the ages of 7 and 10 feel! very much at home with our
microcomputers. Their attitudes towards the computers are open, eager and an almost
matter-of-fact acceptance of the things that the technology of today has managed to
accomplish. Older children, while equally open, seem to be more apreciative of the
wonder of it all. They have reached a point in their own cognitive development to be
able fo imagine in abstract terms what a computer is and how it manages to do what it
does. (There is a greater preponderance of 14 year old boys who frequent the center
than any other age group.) So although children of different ages may be experiencing
the computers differently, they all are unanimous in their enjoyment of and fearless
approach to the machines.

Adults, on the other hand, are less likely to welcome the chal lenge of this
particular "unknown" with open minds. Adults come to the center with the whole gamut of
preconceived attitudes, ideas and beliefs about computers. Their experience may have
been in the form of a mistaken IRS refund, a cancelled magazine subscription that kept
on coming or other annoyances that have been blamed on a "computer foul up"™. With these
kinds of things in mind, many adults come to the computer center ready for a fight, it
seems. They are sour-faced individuals who wish that the animal "computerectus" would
go on the endangered species list and not survive. Then there are women in the 35-50
age group who feel intimidated by the "superior™ intelligence of computers. They are
embarassed that the computer will make them look foolish by knowing more than they do.
And finally there are the older adults (in the 50-70 age range) who are bewildered by it
all. They feel that the world is just moving too quickly and that they are being left
behind.

After a direct experience with computers, one's fears are seen as groundiess. Then
the individua! creates the opportunity for him/herself to real ly explore the computer as
a new personal medium of creative expression.

One of the ways both adults and kids can do this is by taking one of our classes in
computer programming. The class is really an introduction to microcomputers and the
computer language BASIC. The course covers a brief history of computers - through
vacuum tubes to transistors to integrated circuits to large scale integration;
discussion of how a computer works and then right into learning the language and
creating your own programs.

The class is for absolute Beginners - no prior knowledge is assumed or expected.
Since we personally tiptoed into the field without the usual prerequisites we fully
understand and empathize with the fear and general uncertainty people bring with them
into our classes. Because of this empathy we are particularly good at creating a safe
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learning environment for them to explore these "intelligent" machines.

Graduates of our courses have gotten right into the process of using computers in
their lives for more fun, profit, and efficiency. Some examples are: the man who
created a program to calculate the milk production of his goats, the teacher who used
the course to create specialized curriculum for his junior high school deaf students,
the woman who was in charge of the reservations department in a large airlines and
wanted to have more knowledge of computers to increase her feelings of effectiveness in
her job and the 14 year old boy who has created computer programs for the games of
Yahtzee and Battleship.

One's success at survival has always been based on the ability to adapt; a
willingness to change. With the world's increasing rate of change we've all got a
challenge just to keep up with it. And more important than keeping up with it is to be
a part of that process of change. We at Marin Computer Center are giving people a
wonderful opportunity to participate in that area of change in foday's world known as
"Computers". By directly interacting with computers, people begin experiencing new
feelings of freedom and confidence, replacing their former fear and confusing
overwhelm.

All of these people have an experience at the Computer Center which enables them to
step outside of their preconditioned feelings of hostility, fear and confusion and enter
a new world. A world that is not the de-humanizing robot world that they first imagined
- but a world of people and learning and change instead. It's an exciting new world,
and there is a place in it for everyone. The child in all of us is fascinated by
computers - the "New Age Toy, Tool and Servant" of Humankind. ’
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Ludwig

SUNY at Stony Broock, Stony Brook,.Y,

Educational technology has gone from
the log ( for Flato and his student
to sit on) in 400 BC through the

book in 1454 when the Gutenberg Eible
became the first mass-produced book,
to the personal computer whose genesis
is reckoned to be either January 1975
when the Altair was announced, or
April 1977 when the PET was announced
(depending upon you definition and
your lcyalties).

Until now, students and teachers
were invclved in information itrans-
missions while, now, they can begin
to think in terme of information
processing--with the enormously-
increased intellect-enhancement this
implies.

Because of the low cost and portabil-
ity of computers like the FET and the
TRS-80, educaticnal computing sud-

denly has become much more attractive

than ever before. These computers
are totally self-contained and need
only an a-c outlet to operate. This
means that learners can use computers
anywhere without worrying about tele-
phone locations, etc., The teacher
can plan to bring the computer into
the classroom or the office. Because
personal computers are portable,
society can think about putting them
in neighborhood or schoocl libraries
so the kids ( or adults) can sign
them out. The $600 price is low
enough that parents can think ser-
iously about giving their children
computers for Christmas or as birth-
day presents.

The graphic capabilifes of the PET
and the TRS-8C, although limited
compared to very expensive graphics
facilities, are very impressive at
the price. Art teachers can give
their students a new flexible medium
to explore. One important advantage
of the computer as an art medium is
that the child can convert art in his
mind into visual images without the
manual dexterity required by clay,
paints, crayons and other media.
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One of the mcst exciting capzati

of personal computers (to me &t )

is the ability to cornect to the r
world through znslog-to-digitel{i/D)
and digital-to-analogz(D/A) converters.
This capatility permits us to develop
simulations which provide much more
realistic learning experiences than

is possible by more traditional com-
puter methods. With 4/D and D/: con-
verters, the digital computer tecomes
an analog computer with all the advan-
tages of the digital computer znd none
of the disadvantages of reazl arnalog
computers.,

The most exciting possibility to im-
prove learning environments is the
ccmbination of the personal computer
end the zlmogt-available video-disc
system. Such systems have been called
"intelligent video-disc systems" by
Professcr Bork of the University of
Californiz at Irvine. In Bork's ccn-
cept, the computer and the video~disc
player interact with each other and
with the user. In such systems,the
computer controls the video disc player,
causing it to play a motion sequence,

a set of still frames, an audio sequence
or causing a computer preogram stored on
the video disc to be loaded into the
memory of the computer for subsequent
execution. There is a feeling of ex-~
citement about the intelligent video-
disc system, and the potentisl for
dramatic impact on learning. Such
systems are some time off (perhaps 3-5
years), but will be worth the wait.

The rate of development of perscnal
computers and related peripherals is
breathtaking. It is impossible to
guess what new announcements will be
made six months from now ( or even

at the Second Computer Faire), but

the consumer and especially the learner
gains with every one.
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PERSONAL COMPUTERS AND SCIENCE MUSEUMS

Arthur Luehrman
Associate Director
Lawrence Hall of Science
University of California
Berkeley CA 94720
(415)642-4193

ABSTRACT:

Science Museums have a unique opportunity to educate a broad public about the use of computers. Less than 10%
of today’s high school graduates have laid hands on a computer keyboard, and even fewer of their parents have done so.
Yet the needs, in terms of jobs and personal development, for computer skills is growing rapidly. With 50 million visitors
annually and ties to local schools, science museums can play a critical role, and a few have. For many years, the Lawrence
Hall of Science has had a vigorous computer education program based on its 100-port time-shared computer,with terminals
in about 50 Bay Area schools, on the exhibit floor and in the classrooms at the Hall. Inexpensive personal computers are
expected to increase our potential impact tenfold or more in a few years. Among other projects to be described during the
panel are these: (1) Putting a dozen computers in a van and driving to schools and clubs to conduct workshops, {2) Plug-
ging into exhibits computers with programs that ask questions about the exhibit or suggest activities, (3) Offering classes in
:vhhich students will be lent computers to take home and work with, and (4) selling computer and application programs in

e museum store.
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PANEL: Personal Computers and Learning Environments
TOPIC: Computers for Elementary School Children

Bob Albrecht
P.O. Box 310
Menlo Park, CA 94025

ABSTRACT

They are finally here! The $600 plug-em-in-and-use-em
home/school computers are here! Not one, but two
$600 computers are available!

The Commodore PET
The Tandy Radio Shack TRS 80

Both are complete computers — the $600 price includes
computer, memory, alpha numeric keyboard, video
(TV) display and cassette recorder. '

Bye, bye paper Tape!
Hello magnetic tape cassette!

So, back to the classroom ... or the family room. For
the next year or two or three | will be visiting elementary
schools, helping students and teachers learn how to use,
program and enjoy the PET and the TRS 80. You will
frequently find me in the school learning center,
resource center, or library where the computers will be
an open resource, available to all students and teachers.
Fifth and sixth grade students will learn to be
“resource people” or “teacher aids”. They will be
available in the center to help others learn how to use
the computer.

Right now, there are very few programs available for
our use, but people are working on that. There are
no instructional materials, so 1 am developing “teach
yourself” style materials to help students, parents
and teachers learn to read and understand BASIC.
Instead of the usual “math” approach, | am using a
verbal and graphics approach.

I will attempt to answer questions about teaching
elementary school children how to use, program and
enjoy the Commodore PET and the Tandy Radio
Shack TRS 80 computers — at school, or at home.
Questions mgiht include, but not be limited to

the following.

How do | teach my 4th grade child or student
how to program in BASIC.

How does an elementary school get started using
computers?

How do we overcome teacher inertia?

Where do | get education software? Instructional
materials?

What do | like about the PET? Dislike?
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What would | change to “improve” the PET?
What would | change to “improve” the TRS 80?
What do | like about the TRS 80? Dislike?

Why aren’t there any easy-to-learn computers?

What would you like to have in a home/school
computer for kids?
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BRINGING COMPUTER AWARENESS TO
THE CLASSROOM

Liza Loop
LO*0P Center,
P.0.Box 945
Cotati, CA 94928

Inc.

Many teachers ask, " Why is it im-
portant for school children to become
aware of computers? " My answer is
this:

o The computer is the most signi-
ficant technological innovation since
the printing press. You may prefer to
compare it to electricity. Either way,
the computer is too important to be ig-
nored by established education.

o Although not all school child-
ren will become computer scientists,
they will all be consumers. They will
have telephones, receive bills, and
shop at supermarkets. Therefore, they
will all be consumers of computer ser-
vices. If nothing else, they need to
understand that computer service systems
are designed by people and can be chang-
ed by people.

0 Most school children will vote
at some time in their lives. In this
capacity they will have to make deci-
sions concerning acceptable and abusive
uses of computer technology, including
- uges- of -computers by-the government it-
self.

o Finally, most people will work
during some period in their lives.
Studies perdict that over 80% of the.
jobs available in 1985 will require some
involvement with computers or their in-
put and output. Since schools are sup-
posed to address the problem of prepar-
ing youth to emerge into the world of
adult responsibility, it is hard to jus-
tify not teaching about computers.

Most students can develop some
sense of what a computer is and what it
is not. Fourth graders will avidly play
computer games and many will choose to
write their own programs rather than ac-
cept canned material. Even much younger
children rapidly develop an ability to
manlpulate a terminal provided the out=
put is on their level.
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What is Computer Awareness? It is
the study of the computer system itself
and the place of computers in today's
world. It is significantly different
from computer assisted instruction (CAI,
which uses the computer as a delivery
system for a variety of non-computer
subjects. Computer Awareness includes
units on operating the terminal, using
games and other application programs
( possibly some CAI ), computer applica-
tions found in the locality of the
school, computer related careers and vo-
cations, introductory programming in
high level language ( perhaps Basic ).
On the secondary level it may go on to
cover some electronics and Boolean
logic. Computer Awareness is not Com-
puter Science, Programming, Data Proces-
sing, Electronics, or Computer Maintain-
ance.

Computer Awareness also differs
from Computer Literacy. It omits the
history of computers and deemphasizes
skill in programming. It places more
stress on experience with computer
applications and less on vocabulary
which is often meaningless to younger
children and tends to be obsolete very
quickly. - :

Computer Awareness students do
write at least one program. However, it
may be as simple as a picture program
using only PRINT statements. The exer-
cize is intended to develop a sense of
the relationship between the user and
the programmer rather than a means to
promote skill in programming.

LO*0P Center, Inc. has tried a num-
ber of different approaches to the sub-
Jject of computers in education. It ran
a demonstration classroom and storefront
drop-in computer center for two years.
In September, 1977, the storefront
portion of LO¥OP was closed in order to
allow concentration on teaching the
Computer Awareness Curriculum on site at
various Sonoma County schools and to
write a companion text book for the
course.
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In talking with school staff it be-
came appearent that many teachers wanted
a prepackaged curricular module which
they could import into their classrooms
with a minimum of effort. Others ex-
pressed an independent interest in the
computer field and shared in the belief
that computers will become an integral
part of organized education in the near
future. LO*0P began to focus on the de-
velopment of a Computer Awareness Pack-
age and on presenting this material in
courses for teachers at Sonoma State
College.

One constantly annoying obstacle
to both LO*0P's storefront operation and
to the development of an easily trans-
portable Computer Awareness Curriculum
was the lack of reliable, low-cost hard-
ware. The Sonoma County Computer Club
provided an on-going evaluation labora-
tory for microcomputers as one member
after another bought and struggled with
kit computers which never quite lived up
to manufacturers' claims of power and
ease of operation. LO*¥OP borrowed and
field tested many of them in classrooms
only to spend most of one period search-
ing for a disconnected wire or another
watching paper tape load.

The conclusion is that the Computer
Awareness Package must include a fully
debugged and assembled machine which
speaks a high level language and comes
up with not more than four or five in-
structions from the keyboard. Currently
under consideration are Radio Shack's
TRS80 and the Commodore Pet. Both these
machines speak reaschable Basic as soon
as you turn the power on and cost about
as much as a classroom movie projector.

Within the next year, materials
will be available so that every teacher
may introduce Computer Awareness into
his or her classroom. But, as we are
all well aware, this project is only one .
tiny contribution in the field of com-~
puters in education.
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.\arl I..o Linno
Center for
Learning anu (@A
iha university of
iUy .=Aast
Ann Aroor, Al
(313/1t03-4411)

article is tn
orovide back round inforaition for a
sion on “personal couputers and
learning environments® at the rairs, ani
serhaps more important, to stimulate
continuing discussinon of tnis topic

ine purponse of tnis

585

amon.; those who see the Proceedings.
ihat is said in the sessinn builds on
4hat is written hers, but do not exopect
it to be the sawme. And six weeks after
the ~aire we should expect to have new
information, new ideas, and new
spportunities for exganded use of
sersonal computinge in cellese l2arningy
activities. Still this Dackjronnd
infarmation should be useful.

ine Jdomain of ;ersonal computing I
-onsider mors proadly than just small,
single-nuser machines. I visn to inclue
_some. experiences with timesharing
systewms in oruer nnt to ovarlook useful
ideas about communities of learners and
sccasions for professional comnunication
vithin such comsunities. If we limit
iiscussion to small (inexvensive,
yortable, indiviuually owned) machines
¥e are not taking advantaje of ecades
>f experience with personal computing
asing costly, fixed systeans having the
>ower (processor speed, menory size,
instruction set, and complexity) that
¥ill be characteristic of the small
nachine in a few years. [ am convinced
that the pest personal computing is done
today on sinjle-user machines, but I
haven’t given up entirely on timesharing
as a means to providing truely personal
services. In any case, I want to nave
communication networks backing up
single-user systems in education.

The substance of this background
statement is presented in five sections.
The first is intended to provide the
educator some indication of why the
personal computing revolution is so
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[izlications of parsonal compiting
collane learninn activities
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Hesearcn Scizntist
Hasearch on
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Hdicnican
Gauison Lireet
45104

important to com.uter use (and
infoarmation nandling) in hicher
education. Lhe sacond section should
inform the coaputer specialist or
entivisiast aoout 4inds of uses in nigher
education. Jhe thira section aoffers A
l1ist of wnat I s=e to be needed to nelp '
alony sowe ngeaed chanztes in higher
education. . lhe last two sections
grovide a orief statement apout the
futiure anu a list of referzsnces and
sugjested readings an comnuuters in
nioner education.

31oal FICAHCE Or Pe304AL COLPUTILD
FOR COLL=oe LEARNING

 4any colleges and universities nave
acauired effzctive and economic
time-sharing systens for use by faculty
and students in teacning and learning
activities. ‘lhese can be sxpanded to
accoaodate tiae increasing amounts f
11se. Also, they can de extended to
nandle somz new kinds of iises s'uch Aas
graphics anu information ratrieval
systems. However, some kin7s of
computing will be accomplished mors
economically witih small and inexpensive
compiters for use by one individual or

projzct at a time. At the University of
Aichigan the Center for xResearch on

Learning anu ieaching is sxploring
varinus rolas for these microprncassors
anu personal computers witnin collexe
learniny activities.

Aspacts of lie revolution

ine impact of personal computers on
zuaucation in gensral and instructional
activity in sarticular will oe
considerable. Ihree aspescts of tne

sersnnal computer revolution may help
b4 ;
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2staulish this casetr numoers, ACCe S8S,
ind contrel.

’=rswnal couipiilers wil1 be used in
auca laryg auswers tnar instructinnal

Ueen or w111 ve
4a jor coaputer-basad

nave
e

cow;;te.g
dthierwise.

instruction facility so0 far anas bean tne
PLATD Couputer-vased Instruction systen
at tae dniversity of I1llinnis in wnich
the nuiaber of siaultanscus ‘isers ars
counterd in tie hundreds. <Chanqes in tne
systeir will s2xpanu the nuaner of users

to thousanus. {hne t coanon
1:1.1p;\h—3r1n.J systams in use in collejes
touas are ouilt by Hesleti-Packaru and
Jigyital equips Althorih these Aare
small systems (four to ‘Isers each),
the total nuuoer of simultaneonis users
served Dy the i of svstens

oS

G

BUNCreds
country is

throighout the countea in the
thousands.  iith continuing sales o

colleges this niaker will axpana 1 the
Ltens of thousands. At least 100 tiues
10r 2 per,onal comy D2 usad in
2ducation act 1v1L1e, first line

ihe

58T dp Lo mass produca coaouters was
desijned to put out 20,000 Per o month,

“itn thrae companies
nachines,

N0y dalivering
the really larje (potential)

sraoducers have not yet annaunced their
srotucis. 1 expect nearly half a
Mllien units to ne sole in the first
sear, and in a few years toae nimber uss |
in =2fucation will be counted in the

sillions. nen the measures of exsanse
and capasility of a technalogy improve
b)Y tuo or taree orders of magnitude the
nore than just guantitative.
cowaute“s will obring about
nanges in education in
and pernaps in collejas.

[tie secon.u characteristic of
ersonal computers is responsivaness,
11e iacaine is as availaole anAd responds

35 quickly as a personal and portable
electric typewriter or televisionn. iut
aore than that, it respends effectively
to more comwl@x directives, rearraniing
and srocessing information in a personal
#ay not possible with a shareu system
1e:1;neJ for the average :ser.
rurtherdore, the high rate of transfer
5T data between uemory, procaesser and
dlsplay screen opens up new
opportunities for real-time animations
as well as data analysis.

ine third aspect of the revolution I

Nawt to empnasize is personal control.
fhe owner of a personal conputer
Jetermines tne uses of one or mors

the
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Jersunnl acaines, and sanoes their

cnaractaristics tn parsonal nneds ang

srefersncas.  Periaps the anst inportant

152Ct oF control is the intanciole

considerating of self-Jeta2rminations

the nwiner can literally wrap nis or ner
A the naacihine, carry 1t annut.

Iove it
reproagran it
refersncas.

ruole, and
as vell as

Jntailar characteris 11,3 of pers-nal

coanirters ant their crrran

re”31v1n careful )tt“)tld]

stafli at tne uUniversity of Zichnigan.
ihes2 nntes atiemet only to List a few
charactaristics and linmitations

Limitations

In 1977 the linitations of parsonal
cousiiters may have outwei jnsa their
00sarved advantaes for 1use within
collene learning activities. ilowever,

19 ¢
wodals of
Indesw, we

brings uore reliable and nowerful
these inexpensive devicas.
T the capabilities

can eyj-ec

to at l=ast .onble each year withnut an
increase in groductien costs for at
least thz next twenty years.

deliavility has oeen a aajor problenr
4itn sany nicrocompter svstens to -iate.
J0w that personal comdiuters aras beins
nmass producsd, the intecrateu systzns
perinrm adch @wore reliapl,s tnan their
predecassors which: were usually built oy

kits. lowaver, the
seripherals for

andg the like doss not
stanuard of

faced by

nesd

nobbiests from
consiruction of
orinting, storars
measiursa dL LD the sanie
reliability. T1he majior problen
nanufacturers of peripnerals is a
to oriny out a very low-cost dsvica,

somathin, coaparaple witn the low cnst
of tne aicrocomputsrs theaselves. 1he

echanical devices for orinting,
cr storing inforaation on

tape can not be nHoth cheay and
reliable. ilowevar, the prospects arse
4001 for reliable peripherals using neaw
tecnnical develonients which will
elininate entirely the noving parts!

Speed of processing is a

consideration. -appily, anst
instructicnal avplicatiens inveolve
sianle orojrans and tne onserved
response froa the personal computsr is
not ‘listinguishavle from tnat nf a
However, some
many computations
ascing data or analyzinna

electromn
draning,
naghetic

tinesnaring systen.
1nplications requirsa
(ey, for reu
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any tae slays may just bHe tno
for a student interacting at the
suneus nf an inevoensive, wersonal
oirter.

Parsonal coumputars 1o ant now
srovide inaxpensive access to large data
sases, andg Hzdating tne Jdata Dase is an
gxpansive overation ir every user has an
individual copv. T[hersiore, the use of
personal computers in rccords hanidling,
data reductinn, anu shared files is not
advisaple witn 147/ tecnnologv. Tnis
coilld cnanse by the end of 19/4,

NN VAT «

Dompatibility amnna ol fferent
sarsonal cousuters imposes some linits
on exchange and aarketing of prograns.
Actially tihis limitation is no mors
sevare than for sharinjg proarans anondg
Jdifferent coaputars made oy the saine
veninr. souie nf the racoamnendations
yiven in the thiru section of this paper
will help renove this lianitatinne.

Probably tne stancarces that emerae
will depend on certain features of tne
technologys inexpensive, read-only
storages prncessors which are less
expensive than tne iedium.of curriculum
storages and audio=-visual media wnich
incorporate Jigital logic and storaze.

£

Approacngs to applications

4ithin current limitations of
reliability. speed, storaje, and
compatinility Crll staff already find
many appnlications for personal computers
JitxiT the Univeresity of fichioan today.
dfachines becoming available in the first
half of 1%/3 will make valuable
aaditions to the resources for learning.
3ome machines acgyuired by inaividual
facitlty nencers are being used in
classroou ueaonstrations. At least
three curriculum cevelopment projects
are using personal computers in
connection with laboratories
(preparation for reqular lab sessions,
information processing aius in carrying
out the work, and rata censrators for
simulated laboratory activities).
Libraries are considering use of
aicrocompters in providing services on
campus. #any individual stuaents nave
purcnased machines, and snme of thesse
are oeing used for word processing
(preparation of papers), computation,
and information organization and
retrieval. ‘ihe 3chool of dusic is using
a microcoinputer system for music
analysis and synthesis, and some

WEST COAST COMPUTER FAIRE

184

2lecironic wmirsic composition.

some tnount about the future of
comyiting in ediucation and society may
hely college teacners take a useful
perspective on computer use by students

touly. Lhis topic nas besn written on
at lenuvtng § will lisc just tnree

asgacts I believe to o2 very significant
for eauciators consiuderin; the jenaral
topic of computers in education:
conmsuter litsracy., home 2ntertainment,
and comouter—basec videodiscs.

v general literacy aboit comsutars
is likely to be as widespraad as
vna#ledia of dAriving a car or skills for
use of a librarv. Already electronic
calculators nave pecome s» inexpensive
and straigntiorward tn use that nearly
anyone can acquire a convaniant device
to carry in a pocket, purse or wear on
#rist. ihe impact has hbean primarily
onz nf acconalisihing calculations uore
reliablv. As ueneral information
orocessing facilitias becosne as comwon
as tihe portable nnme typadritar or
televisinn set (inaeed, they will no
douot ve incorporated witnin howe
typewriters and televisinn sets), 3
jeneral literacy about thelr use will
devalop rapidily. 1o some =xtent tais
literacy is alreauy o2iny accomplished
in coaputer courses in intermediate
scanols throushout thie country.
Self-instruclion at home will take care
of tne rast. All college students will
Knods now to Al X

SXPLECT 10 use comonuters
-~ {nis year, wicroprocessors have
necone a significant part of the home
entertainment inuustry. cCompulers are
evident in viden aames wnich duplicate
arca.ae Hdevicss, and in board games which
olay a fair jame of chess or checkers or
nth21lo or backgammon. As
;Jeneral-purpose computers decoie
incnarporated in home entertainment
centzrs, the capabilities for
simulation, modelling and records
nandlin j expand rapialy. An important
vart of the nome market Wwill be
self-educatinn. ¥any comdanies will be
selling learning packases which include
computer projrams to rur nn the hoine
comsuter as well as supplenentary
matarials and guidebeoks.

dow develnpnents in videediscs nay
revolutionalize personal computers. ror
soms years companies have been working
on one versinn or another of the nhome
vigeodisc. Jne of the driviny forces
pehind this sovemwent is the expected
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market for old movies and special
interest projrams in the nome. However,
in order to solve some of the technical
proplems of retrieving the bits of
information which nake up a video
signal, the researchers tirned to
certain aigital technigues which are of
considerable interest tec computer
Jesijyners. It apgears now that
includingy a microprocessor in the
videodisc player will make it more
practical, reliable, and aconomical.

Computer control of thz videodis
player provides an exciting resource for
educational use of microcomputers. A
small archive of movie clips (30 minutes
total) or a very laruye archive of color
still frames (54,000) or any combination
can be searcned and controlled by 13
personal computer. This means one can
retrieve, display at reqular speed, slow
motion or still frame, and move to
anotner section of the file based on
instructions from the push-button
controls and a history of interaction
with the particular learner.

Furthermore one can set up the personal
computer to interpret the 54,000 frames
of video as nearly a trllllon bits of
digital memory. lhis reduces
considerably the present restrictions on
microcomputers for handling large data
pases.

Tnese future prospects are guite
exciting and prooably will bring
significant and desired benefits to
higner education and to society. A
surmary of trends concludas this
section.

I'renus in computing, communication and
the locus of education

A number of changes in the
tecanoloygy of computing and
communications, and changes in education
and society, have increased professional
interest in computers in learning and
teaching. rour points are listed here:
The low cost of microcomputers merit
rethinking uses of technology in
education. I[nexpensive communications
may shift the role of centralized
educational computing. Incentives will
improve for commercial production of
materials for training and continuing
education. ilome computing, combinad

w#ith other technology, will support a

trend toward more education in the home.
The low cost and easy use of

microcomputers are providing access to
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nighly interactive including
graphics zor nany more peoale and
projects. " video techniques, stuch as the
microcoaputer-based videodisc player,
are enhanciny gragphics and low-cost
storage for instructinnal computing
(Bork, Luehrmann anAd Schneider, in
press). Lhe economic and social
pressures on educational institutions
are forcing :ecisions by state and
federal agencies, and by individual
institutions, to support additional
of tschnology.

Inexpensive communications have peen
promised via satellites and optical
fibre telepiwne lines. Very low cost
and very larje memories are proposerd for
educational time sharing systems. dhen
these developments are realized, tne
cost of centralized educational
computing systems will drop
significantly. L(his cost improvement
will help restore some of the education
market for timesharing taken over oy
personal computers, but also it will
increase ine use of personal computers
through low-cost support natworks.

Commercial incentives are emerging
in tne U.5., now that packaaing is
becnaing more practical and tne
educational market is heconiny
interlinked with other computer uses.
ror exainple, recreational uses of
personal or nome computers include some
instruction for the very young learner.
And professional uses by the adult
practitioner include some new
opportunities for learning. New markets
for training and continuing education
have focusea attention on the need for
improved instructional desian.

People who work on computers in
education will have to pay attentinn to
the dramatic development of personal
computing. Already considerable
education coes take place in the hone,
and more nmoney is spent on home
educatlon naterials and correspondence

in tne Ue3. than on institutionalized
education directly. [ am sure a great
deal of computer use in education and
training in the next decade will be
through inexpensive but rather capable
machines purchaseu for personal use in
the home and office.

All tnese current developments can
not oe covered in the pages of this
article or in the corresponding session
at the raire. However, this article car
be used toyether with others in the
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Proczedinygs and the sujcested readings
to expand your view of microcomputers
and uses of personal computing in nigher
educatinn and to establisn means to keed
in touch with a aiverse and rapidly
chanying fiela.

sl s Or USE
Learnin:y apout tne computer

Learning aopout the computer is the
most rapidly growina area of computer
assisted learninjy. It’/s use in CAL
follows guite naturally from the
introduction of computers into many
parts of society and into homes
uirectly. As experience with computers
becnaes commonplace for a class of
learners, eiducators can use the
compitter and its procedures as metaphors
for nther processes and constructs.
cducation about computers provides tools
useful in otner learnina. Lthe following
parajrapns comment on computer literacy,
professional development, in-service
trainin.g of educators, and personal
computing.

Computer literacy for all students
is established now in some colleges.
Computer projramming may be required (or
assuned and offered only as a non-credit
course) so computing skxills can be
assumed in mathematics, sciences,
engineering and sone other professions.

i'ne -extent of--computer-literacy .
throighout the U.Se
vut inexpensive computinj devices and
the popularity of the activity witn
students will increase the percentane
dramatically in the next few years.

Professional development regarding
computer use is common for many Areas
alreauys accountants, bankers, engineers
and otnhers whose professional activities
depend on automatic computation and
information processing are refreshing
skills and ootaininc new ones.
Additional professions are finding
computer assistance indispensiole, and
information is offered through special
courses and institutes for architecture,
law, medicine, and otherse.

In-service training of teachers is
essential if public education is to
catcn up witin the rapid change of
technoloyy. University institutes offer
skills training during the school year
and in the summer. Sound information
and constructive attituces regarding
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conxlters in education ars essential to
succass of naw prograns in public
s5¢chn0ls.

Darsnnal conputing in homes shows
the jreatest prospect for impact on
learning apout tne computer. dy the enc
of I¥1s, personal computers will bz in
use in nearly half a million homes and
offices fany of these devices may be
used only with packaged anplication
projrains, as are the preprogramned videc
gamesi hut all tne egquipment will be
projramaable and include convenient
local storage for saving user-cvesianed
Dro-Jrais.

Learninj througn the computer

In the past, the core of CAL
activity was drill, practice, diaanostic
testing, and guestinn and answer
tutorials. 1oday these continue t»n be
the major nodes of learning in
operiational J.5. systems (e.g., ths
PLAL) Systen of the University of
Illinois and Control vata Corporatinn,
Computer Curriculum Corporation systems.
Hewlett-Packard and vigital kquipment
timesnaring systems, and tne Univac
system). £ven tinough these modes ~ill
ve overshadowed for a time by a dramatic
growth of learning about and learning
with tne computer, they will remain
strong instances of computer
application, readily accepted because of
their familiarity, moderate cost, and

.convenience of total systems.

Learning witi the computer

fhe computer as an aid to learning,
ang an adjunct tool for tne learner, is
taking on new dinensions now that
computing is inexpensive and portable.
iland calculators used in the laboratory,
classroom, and study hall have taken on
the characteristics of coaputerss
stored programs, program libraries,
peripheral storage, printers, graphics,
etc. As these least expensive
compiting devices take on jeneral
characteristics, the general-purpose
computers are decreasing in price to
match the calculators. Practical uses
include simulation, gaminyg, problen
solving, and creative activities.

Simulation and gaming have always
peen popular witin teachers and students.
Now these entertaining activities are
appearing in academically respectable
textpooks anu laboratory naterials.

Problem solving activities once
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required knowledje of projramming,
Inless cleverly imberdded in a tutorial
seguence which prompted for the
varameters and equations or whatever was
leeded. Now propblem-oriented languages,
and familiarity with keypress sequances
on programmable calculators, put problenm
s5olving in reach of any learner
2xperienced in the discipline.
can pe asked to turn to a problem :
solving facility on the CAL system (or a
calculator at hand) to carry out some
computation or mouelling activity.
Creative activities in education
are aided by computers very
1icely, at least in experimental
systems. Perhaps the most impressive
dverall is the first aoproximation to
the *dynabook# developed by Alan Kay and
1is colleagues (i1¥//). Young children
are able to skeich, animate. compose
ausic, arrange words in poetic forms,
and carry on many other creative
activities usually reserved for
specialized and advanced users of
computers.

Students

Learning support systens

Computer :nanajyed learning is
expanuing within the U.S., albeit
Juietly and often without any nnte of
the computer role. A significant
percentajge of schools are using conputer
systems to aid in classroom management.

Information management gnes beyond
instructional management to help the
student as well as the instructor with
information needs. Uuidance systems
have becone quite popular, including
3IGI of =Zducational Testing Service.

ihe automatic generation of learning
and testing materials by computer will
soon become a common activity among
computer aids. Some tocls are already
juite popular, especially computer
assisted test generation (Lippey, 19/4),

Some pointers to current work in the
United States have been provided within
the text. The next section provides a
sample of applications in various areas
of instruction.

Areas of instruction

[he broad range of computer uses can
be shown by selecting some of the less
likely uses in six areas of instruction:
math, sciences, social sciznces, arts
and humanities, languages and
communications, and the professions.
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ihe few instances given here represent
only a siall part of all the computer
aided learning curriculum materials.

Students in a mathematics courss
nave used a siaple couout2r langauje
(LOGU) to generate a wathamatical syster.
puilding froa primitive elements. :

In a laboratory course in chemistry,
preparatinn Tor use of titraticon
equivment is aidsu by conceptual
experience provided economically to
indiviaual students who usa the grashic
animation capabilities of thz PLALO
System before they go intn the
labnoratory.

A simulated laboratory provides
research experience for uniergraduate
students in psycnology. 1he computer is
used as a data generator. ‘ihe valus of
the simulation depends on the activity
of a classronm research coamunity and
the effectiveness of the teacher as a
consultant.

In the arts anu humanities computing
serves as a wmedium of comnunication as
well as a tool for creative work as part
of learning. Perhaps the most
interesting instructinnal use in
humanities today is as an aid for
scholarly work by the student. Graduate
students of literature have used
preprograintned applications packages in
exercises to determine authorship or
analyze style. Undergraduate students
explore rules of language through
computer generation of poeuns and
stories.

In languaje learning, aid in’
practice of skills is the dominant
computer use. Contrary to tne idez that
the cost of development needs to be
distributed over many students, two
professors at Stanford University are
programning computer assistance for a
dozen specialized courses which have
such low attendance that the department
of Slavic languages can not afford to
staff them. With this assistance
(tutoring, drills, and practice
exercises) the professors plan to nhandle
a larger numoer of students and in a
greater variety of courses than
previously possible.

Preparation for professinnal work
accoinodates as much computer use in
training and education as anywhere.
e xample, management games are very
popular in business education and
natural resourcess simulated cases are
used in law and medicines and design

For
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exercises usuending on conuuter
assistance are commnon
architecture. Une of ths most
innovative applications is computer
assistance for advanced seaninars winich
briny together graduate students from
4ifferent uepartments for study of a
proolem area (e.3., eneryy conservation,
regional planniny, or technology
assessment),  c£ach participant uses
compiater assistance for oryanizing
information frow diverse and sometines
unfamiliar areas, communicating with
others in the seminar between
face-to-face meetings, and draflftiny
working papers for review by the group.
I'he organizers of the sewminar Xeep the
group focusel on the problem without
minimizing isportant backgzround
material, and call on resnurce peoyle
who might not otherwise have tine to
participate except for the convenience
offered by computer—assisted
conferencinyg. 7This enables tnem in
respond at any time of day, any day of
the week, and from any user terminal
whicn can connect to the computer or
network handling the conference,

ACEOED DEVELOPHUENTS

deeds and issues

Further development of computer
assisted learninjy in the UJ.S. will
interact with a number of nee-ds ani
issues related tn the technology as well
as to educational applications. Taree
such issues are listed lere.

dicroelectronics technoloqy, with
rapidly decreasing costs which depend on
Jreatly expanderd usage, is forcing
producers to find new markets for
conputers and related technology in
education as well as throrrghout society.
Abpropriate uses in education require
planning for and manaaging the design of
the technolosyical aius end their
introduction into educatinnal activities
and institutions. Perscnal computing is
being marketed strongly in the U.5. and
will be taken up in the next few years
oy many people for entertainment and
small business purposes. The equigment
in which industry is investinj larje
suns of money for the persnnal computer
market will not serve educational
purposes well without attention to
consiverations of design specifically
for educational purposes.
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Jdioner ewlcatien faces serious

in ennineerin. and problems of financing, access,

credibility, ana the like. Certain of
these difficulties can in part be =2ased
oy appropriate uses cf technolony, 1if
resources eres availables at tns riant
time and place for ressarci,
Jdevelopwment, evaluation, “demonstration,
Jiffusion, ana operation (Levien, 19/2).

“Otherwise, significant cpsortunities o

aid all learners, and in particular the
disadvantaged, tihe handicapped, the
gifted, and the isolated learners, will
oe lost.

Seneral literacy in computing and
information svstems will pe required by
all, consumers as well as anarketers,
employees as well as mana.gers, and
leamers as well as schclars, if snciet:
is not to be Adisrupted by a revolution
ancnuragea by rapid growtn of technolo:;;
needed to support today’s “information
society." Comptiter literacy can begin
in elementary schnol, and snoner.
“However, oecause of the rapid
introduction of the technnlogy in many
areas, computer literacy training nust
pe carriea on in collejes, professional
schnols, certification prograns,
on-tihe—-job training, comnunity
sducation, anu public mewia reaching the
nomes .

Of course, other prnblecas and issues
may oe at least as important as the
three listed above. Hnwever, this
suminary statement does express the
nature of the current-situation for
computer assisted learninzy in highsr
education.

Areas for possible action

One ma jor need at the national level
is for cnordination of planning and
funding. isany important matters, e.73.,
;joals, standards, and credibility, can
be accomplisied only throish national
discussion and action. [he funding
necessary to meet the needs in this are:
can no longer be handled piecemeal
through many different agencies. The
comini tinent to excellence in education
and to effective use of technology must
come from the top. Information systems
in education and society cut across man:
areas$ research, development,
handicapped, gifted, elementary, and
professional. Useful information and
good advice on these matters has been
accunulating for over |5 years in tne
form of recommendations of national
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commissions (lHational Academy of

sciences, 19566, PSAC, 1967, Commission on

Instructional Technology, 970, Carneqgie

commission, 19Y72), professional
organizations (e.g., CB&S, 1972) and
review projects (Zinn, 1970, Anastasio
anda dorgan, 1972, Hamplen, 1972, Levien,
1972, Mosmann, 1976). A new commission
>r conference can begin with the

-reconmendations of earlier efforts,
review the present state of tachnolagy
and institutions, and take thoughtful
iction. Action is necessary now in
response to the pressures and problemss
furthermore, benefits are more easily
justified today in light of the
dramatically improved economics for
applications of microelectronics and
telecommunications.

Designated centers with good support
could provide sites of excellent
training, development and research
(Carnegie Commission, 1$72). Potential
Isers urgently need the most current
information, the best training, and an
d>ptimal environment for development
activity. Hesidencies would provide an
dpportunity for individuals to get away
from regular responsibpilities to
initiate new work. Kesearch
opportunities would be increased
significantly by bringing together
creative individuals with necessary
resources and a variety of learning
environments. Large-scale exploration
>f technological opportunities and basic
concepts of learning would become
odractical. Alternative CAL systems and
approaches to curriculum could be
compared witnin the same environment.

Immediate action to give educational
Jses for computers an identity Adifferent
from data processing would in some
drganizations facilitate obtaining
equipment necessary for mesting
institutional goals at lesser costs.
Instances include public education as
#ell as military training, and state and
local support as well as federal.

Immediate acticn to recognize
computing and information processing as
3 significant part of basic education
#ould set in motion the process of
turricular revision necessary to the
information age. In a few years all
students in public schools would becomne
familiar with computers, programming as
well as applications, by about the

eighth year of school. The college
teacher could then assume long
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familiarity witn computers for entaring
students.

Curriculun dgevelopimant requires
special attention, since computer use in
education is a new industry, as yet
untested and lackina incentives for
developers and distrioutors. Cnmmarcial
pudblishers can not pe expected to
initiate hign risk venturess, and yet
they may be left behind if the comsuter
vendors try (o provide curriculum
materials. Jniversities and colleies
have nucn tn contribute since most
textoooks originate there today.
Individual authors need tn see rewards,
poth academic and economic, for their
efforts.

The social implications of dramatic
chanjes in availapility of information
and autonatic processing require
attention. Every elapborate clipboard or
binder will nave a small oocket for a
specialized calculator. iZvery reference
D00k or procadures guide will hava
imbeusded within its cover an inforaation
processor suited to tne subjsct. £ach
desk encyclogedia will incluue soun-ds
and animations and a @icroprocessor
which conuucts searches of the entire
text as well as selects from the
contents, index and cross referenc=zs.
Planners need to consider the
implications of new modes of
representation and coammunication with
machines, new skills for learniny,
problem solving and creative activities,
new roles for teachers and managers, new
situations for learning at home, on the
joo, and in the community. ‘
Administrators need to plan systeans so
that increassd degendency on informatior
machines, for assessment of ideas as
well as retrieval of information, will
not become ain inappropriate crutch.

Communication between people and
machines needs careful attention. As
lony as the students (or other casual
users) need to tvpe on a kevboard and
watch for text and nuapers and simple
diagrams to appear on a special screen,
these machines will have a rather narrow
application in training and education.
However, when a user can talk to the
machine and et a response not just in
printed text but in spoken words and
other sounds, and can see the effects of
nis or her directives in the actions of
equipment such as models anc tools, ther
the computer will fit in to a much
larger world of learnincg.
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Additional areas for possible action
at least as important as tne eight
listed above can pe a-ded. ror example,
through computers special onportunities
become available for the jifted student.
Dramatic improvements in communication
and learning are achievea for the
handicappeas: Kurzweil’s reading machine
and [elsensory’s talkinc calculator and
Braile output device for the blind, and
similar spécialized equipaent for the
dJeaf.

Other aspscts of the technology
provide facility for producing speech,
proce ssing knowledge, and building
personal skills for learning and
per formance.

rUTURE

dew modes of representation and
communication

Future developments will extend the
modes of comnunication possible between
the learner and the machines. Speech
and other sounds will becoume suitadle
for entry into the machine as well as
for output from it. GUesture and other
motions will be interpreted usefully.
ihese developments will bring immediate
benefits for those lackiny some standard
sense or accepted communication means.
_For_example, computer-assisted

communication will revolutionize Braile

for the sightless, and provide random
access to audio and other personal
notes. Already an application of
mnicrocomputers provides speech to those
who have lost it through accident or
cereoral palsey. Physiological measures
#ill be encorporated as input, opening
up new channels for persons lacking the
motor control necessary to operate
typewriters or to speak.

Information will be represented with
improved graphic and aucio means using
networks and other data structures. The
exploration of knowledge will be more
directly available through manipulation
of structure, organization, and dynamic
interactions by the learner. The
student will, with assistance of
information processing routines, work
effectively within a personalized and
dynamic information base. This
development will depend on considerable
literacy in infomation handing using
computerse.
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wew skills of learning,
and creative production

Cnmputer assistance will help
learners arrange muultiple views of text
and jraphics. Skills of speed reading
will be extended by aids for immediate
comparisons and cross refsrences annng
sections of text. Facilicty with
grapnics will extend far beyond the
multi-media shows of tocar. Authors of
textbooks and reference saterials face
new challenges in anplying the
technolongy and anticipating improved
skills of ussrs.

Proolem solvine skills will
in more directions than can be
anticipated. Induction @ay be
facilitated oy interactive,
computer-assisted dediction. Proof of
the four-color map problen by students
with computer assistsnce is only 3
beginning. dore creative solutions to
engineering problems will be especially
effective.

Artistic creations will siailiarly
be extenaeu beyond our prasent abilities
to comprenend and appreciate. ror A
primitive example, consiver today’s
dynamic sculpture for which a
sound-light score interacts with tne
movemnents and speech of its observers.
Younsy artists will find aany new
opportunities, and the world of creative
art will e opened to those previously
excluded by physical nandicaps.

Previously untapped capacities for

problem solving

eXPANd

Tearninag and performance will be put™to

use. A computer—based lab in whica
learners explore their own abilities mavy
help in areas such as inter-hemispheric
conmunication ("using both sides of the
brain") and enhanced mechanisms of
recall and pattern recoanition.
Unanticipated and Jdramatic benefits may
follow from the Jdevelopment of synergisn
of the human user and various machine
information systems. Some of the most
significant benefits may be obtained
with the enhancement of communication
within communities of all sizes.

The United States does not have the
only innovative projects working in
these areas, as is apparent when
reading other articles reporting on
developments elsewhere in the world.
Extending communication, processing
knowledge and bnilding personal and
interpersonal skills are important areas
for future development anywhere in the
worlu of personal computing and learning
todaye.
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Introduction

Computers are powerful tools.
Really good ideas on how to use
them are much scarcer than one
would imagine, however. This is
partly because (up to now) com-
puters have been very expensive,
and controlled by institutions that
couldn't afford to depart very far
from traditional ways of doing
things. In education this has
meant trying to use computers
mostly as "teachers" (CAI). When
all the costs of pursuing this
unimaginative idea are totalled up,
and the results are compared to what
what was promised, the scorecard
isn't a very good one.

Is there a better way? If so,
what is it, why will it be better,
and is there assurance that this
time we can "get it right"? This
paper argues that the answers are
to be found in personal computers,
and that the right way to use them
is staring us in the face. To see
why, let's examine a remarkable
learning experience many readers
have had.

The Secret Unveiled

Imagine you have just arrived
at an airport in a strange city,
and now need to reach your final
destination by way of unfamiliar
roads. One possibility is to take
a taxi. This option is direct and
efficient, and it can have the
bonus of being a personalized tour
along a tried and proven route. It
has all the potential for being a
first-rate educational experience.
Yet, it is not likely that upon
arrival you could pass a test asking
for an accurate description of the
route just taken. Your "individu-
alized" treatment will have gotten
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you to your destination, but you'll
still be a stranger to the territory.
The ingredients for a true adventure
were missing.

Consider now another option.
Suppose that you rent a car, and
drive yourself. The simple act of
moving into the driver's seat will
have a profound effect upon the hun-
dreds of interactions about to take
place as you move into the role of
problem-solver, becoming an adven-
turesome and necessarily creative
learner. This option comes at a
price, of course. There will be the
need to find and negotiate for a car,
ask directions, study a map, choose
between alternatives. There are also
likely to be mistakes -- "ineffi-
ciencies" by some standards. Land-
marks missed, or instructions mis-
understood will mean backtracking
and revised planning. Questions will
have to be asked, time will be lost.
And the cost of having exclusive use
of a car will be higher. But in the
end, the person who goes "solo" will
have learned things about getting
from A to B that are accessible in no
other way.

The paradox we see from this i11-
ustration is this: the guidance of
others may very well inhibit the best
kinds of human learning. The con-
clusion it suggests is that people
have far more instrinsic talent for
the business of learning than they
have for the business of describing
it,” or bringing it about in others.
Even the ability of a small child to
learn to deal with the incredible
complexities of a constantly changing
world makes our ability to explain
how it all works seem pale by com-
parison.

Even less impressive is our
success in promoting human learning
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through institutions organized
expressly for that purpose.
Placing students within the walls
of carefully designed schools
would certainly appear to be the
best way of assuring that they
get transported along paths
(called curricula) that visit
many important educational points.
The predicament faced is that for
most students these are only
visits, and dimly remembered ones
at that. They never get to really
know the territory.

Enter the Computer

What has all this to do with
computers? The answer is both
simple and perplexing. 1In
reviewing the history of computers
in education one finds that the
majority of effort (and money)
has gone to promoting their use
as expensive educational "taxi-
cabs." This effort has gone
under the name of Computer
Assisted Instruction, or simply
CAl.

In CAI, driver and passenger
are viewed as separable entities,
with the "driver" turning out to
be an impersonal conglomerate
of lesson designers, computer
programmers, and hardware vendors.
Students are relegated to the

role of -individual -passengers.. - .

There is, of course the promise
that they will be the benefi-
ciaries of personal, customized
transportation to the most exotic
of educational worlds. In
reality, the promised tour is at
times more like a shuttle, with
repetitious visits to the unima-
ginative lands of drill and prac-
tice. The alarm raised in
Anthony Oettinger's 1969 book
Run, Computer Run, with its con-
clusion that "every effort to
introduce technological change
into education has revealed how
profoundly ignorant we still are,"
was not without basis.

Enter the Personal Computer

But there is also good news,
and it's getting better all the
time. It comes partly in the
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form of a new approach to technology,
and partly as a growing body of
examples of student accomplishment
that indicate an exceptional idea

is at hand. It's a flowering of the
"drive-yourseif" option (called
"solo-mode computing") in schools,
made possible by personal computers.

The new spirit is all the more
remarkable in that it pretty well made
it on its own. The funneling of
large funds into CAI made early solo-
mode computing an uphill battle for
all but the most determined and adven-
turesome. It is to the credit of the
ingenuity of exceptional teachers and
their students, that the door to solo-
mode computing was gradually inched
open. What first came through the
crevice was at times amateurish, at
times quite professional. But it was
always inspirational and exciting,
and it caught on.

And now a new force from a com-
pletely unexpected quarter promises
to swing the door wide open. It's in
the form of a personal computing move-
ment that looks upon computing as a
personally desired and appreciated
enterprise. It's a use of technology
that is (to use the words coined by
Ivan I11lich in his book De-Schooling
Society) "convivial" rather than
"manipulative" vis-a-vis the aspir-
ations of people. It's the "drive-
yourself" option for computing come-. - .
true.

The personal computing movement
is important because it can bring a
new and different use of technology
into our schools without major expen-
ditures. If it finds a mixed welcome
at first, there need not be concern.
This is because it is a use of tech-
nology that can literally exist in a
home, a storefront, a community center,
the corner of a library or museum.

Actually there is hope that per-
sonal computing will find a welcome
in schools, because it is in the
hands of the people who use schools,
pay for them, and care about them.
It will thus be the first application
of technology to education that need
not sell itself as "new and revolu-
tionary." It guarantees nothing.
Yet it assures everything, because it's
in the right hands, free spirits who
know the value of learning on one's own
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THE ROLE OF THE MICROCOMPUTER IN A PUBLIC SCHOOL DISTRICT

Peter S. Grimes
Curriculum Supervisor
San Jose Unified School District
1605 Park Avenue
San Jose, CA 95126
(408) 998-6124

The purpose of this paper is to apprise
the reader of how San Jose Unified School Dis-
trict is utilizing personal and home type mi-
crocomputer systems in its instructional pro-
gram. San Jose Unified is considered to be
somewhat of a bellweather in the educational
use of microcomputers because it established
a district policy for the rapid introduction
of microcomputers into its secondary schools
over two years ago when few educators knew
the possibility even existed. The paper ad-
dresses the following topics:

a A general description of S.J.U.S.D.'s

instructional use of microcomputers.
eA brief rationale for the development

of §.J.U.8.D.'s microcomputer policy.
¢ An explanation of why we promoted in-

structional microcomputing before

identifying a curriculum.

®A more detailed look at how we are us-
ing microcomputers.

oA brief exposition of some of the things
we have learned.

San Jose Unified School District is a
large (38,000 ADA) urban school district
nestled in the center of the great Santa
Clara Valley at the southern end of San Fran-
cisco Bay. We have seven high schools, seven
junior high schools, thirty-seven elementary
schools, and a regional vocational center.

Our educational computing facilities in-
clude ten time-share terminals (PDP 8/E), fif-
teen microcomputers (one SOL, three POLY 88,
one CROMEMCO Z2-D, eight IMSAI 8080 and one
PET), and a Hewlett Packard 2000 system at
our vocational center. (Since the program at
the vocational center is dedicated almost ex-
clusively to vocational data processing, the

following remarks refer to our microcomputers and the

PDP 8/E time-share mini.) These terminals are
generally distributed as follows: one or two
terminals in each junior high, two or three
terminals in each senior high and one roving
terminal for our elementary extended learning
program.
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Our use of these terminals is presently
organized around the following themes. For
junior high school, the emphasis is computer
literacy for a large number of students, with
some schools offering BASIC programming as an
elective. The senior high school objective
is computer programming using a variety of
machines: programmable pocket calculators,
desk top printing calculators (with optical
card readers) and general purpose microcom-
puters. Our language of choice is BASIC with
the probable addition of disk FORTRAN in the
near future. We also anticipate the develop-
ment of an introductory computer science elec-
tive as the need develops.

We are told that San Jose Unified is some-
what unique in its district wide policy to en-
courage instructional computing through the
purchase of small microcomputer systems. The
dramatic thrust of this policy is evidenced by
our purchase of fifteen such units in the past
two years and a probable similar expansion over
the next several years. As a school district,
we are quite serious about promoting general
purpose computing through small microprocessor
based systems.

I believe it is important to reflect upon
the origin of this policy. Well over two years
ago, it became quite apparent to us (residing
as we do in the heartland of the digital elec-
tronics industry) that small general purpose
computing systems would become relatively in-
expensive and thus well within the budget cap-
abilities of individual schools and school sys-
tems. (This judgement has been thoroughly vin-
dicated with the marketing of the $595 PET in
late 1977.) This belief led us inexorably to
certain conclusions:

1) Inexpensive computing would rapidly
lead to a demand for the inclusion of
computer programming and computer
science into the public school curri-
culum.

2) The ordinary citizen would very soon
have to have some knowledge and skill
in the use of many types of computing
devices; i.e., pocket calculators,
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programmable calculators and compu-
ters.

Small general purpose computers would
rapidly become important as instruc-
tional devices (learning games, simu-
lations, tutorials, drill and prac-
tice).

Profound changes in the mathematics
curriculum would become inevitable;
i.e., increased stress on decimal no-
tation, flow charting, algorithmic
programming, iterative and recursive
techniques, computer evaluation of
functions, the demise of the slide rule,
and vastly increased use of mathema-
tical processes heretofore requiring
calculations far too complex and time
consuming for common use.

In our mind, the digital electronics re-
volution had a certain inevitableness about it.
These things would happen! They would happen
quickly! The sooner we became involved, the
more control we would have over the situation!
We installed our first microcomputer (an IMSAI
8080) in March of 1976.

San Jose Unified has become somewhat of a
bellweather for schools and districts contem-
plating their first entry into educational mi-
crocomputing. We have received many inquiries
about what we are doing with our microcomputers.
These inquiries have a common element. What is
your curriculum? What was your planning? What
do students do with the machines? There seems
to be a feeling that to justify the investment,
the use of the machines must be totally maxi-
mized within the shortest period of time. It
is our opinion that this seeming urge to docu-
ment the need for computer resources and spec-
ify a curriculum is premature at this early
stage. That is why we do not as yet have an
identified curriculum. Our belief in the in-
evitabllity of educational computing does not
imply that we have gazed into the crystal ball
and have thereby seen the future. We really
don't know exactly how these microcomputers
will ultimately be used in our schools. Nor
does anyone else! All we know is that we must
teach more about computers to more and more
students and that we need computers to dis-
cover how to do this. We think that teaching
BASIC programming is a relatively safe thing to
do at the present time.

Why do we say that detailed early planning
is premature? Because very few of us in sec-
ondary public education have any real exper-
ience with computing, even mathematics teachers.
We have gone back to school ourselves! We are
learning BASIC and FORTRAN, assembly program-
ming, and something about computer science in
general. We are finding out more specifically
how our mathematics courses will probably be
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impacted by the advent of inexpensive cal-
culators and computers. We are also finding
out what the present student demand is for
computer electives so that we will have a
basis for projecting the future. We are try-
ing to be creative. We are fearful of making
detailed plans before we are knowledgeable
enough to do so. We feel very strongly that
teachers should develop the curriculum and
that they would not be motivated to do so
without the actual physical presence of a
computer. (Teachers, too, can be very prag-
matic. It doesn't make very much sense to
make a large investment of after work time
and effort unless the resulting skills and
knowledge can be put to use.) What we have
done, then, in San Jose Unified is to provide
the computer resources so that teachers could
make the necessary discoveries and obtain the
necessary background to begin identifying and
meeting the needs created by the computer
revolution. This development takes time.
That is why we became involved so early. And
so...what are we doing and what have we
learned?

We have introduced programming courses
in high school. These vary from one to three
semesters. A typical sequence would be, a)
introduction to computing using programmable
hand held calculators and printing desk top
units, b) BASIC programming with microcom-
puters, and c¢) advanced BASIC programming.
In junior high school we have taken three
approaches. First, a few schools are offer-
ing a one semester BASIC programming elective
for grades 7-8-9. Second, after school com-
puter clubs have been organized in which
BASIC and system programming is taught in a
more recreational context. Third, we are

“'developing a plan for computer literacy where

most students prepare a program, enter it into
the computer and successfully run it. At the
elementary level we are testing the waters
with one roving microcomputer serving our
grade 4-5-6 extended learning program (MGM)
students. So far these students have been
exposed to a variety of learning games, sim-
ulations and drill and practice routines. We
have also taught the more motivated elementary
student some rudiments of BASIC.

We have also learned a good deal. There
is definitely a need for computer instruction.
Five of our high schools are offering one or
more semesters of BASIC programming. One
high school has employed a computer science
teacher and anticipates that he will be teach-
ing full time in this area within the year.
Although we have found no suitable texts, a
large amount of reference material exists
which has made it fairly simple for teachers
to assemble a body of graded programming
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experiences (mostly in mathematics). Up to

300 high school students are currently involved,
a number likely to grow as our computer re-
sources expand and as computer programming be-
comes more and more recommended or required for
college matriculation.

Our experience in junior high has been
quite similar. Although there is not as great
a demand for programming as an elective, the
computer clubs have been extremely popular and
wide scale computer literacy is being developed
as a goal for our grade 7-8-9 mathematics pro-
gram. Our student contact here is much more
difficult to measure because junior high com-
puter instruction tends to be much more infre-
quent and diffuse. Still, we would estimate
that the district impact here exceeds five hun-
dred students and is rapidly growing.

The results of the elementary program are
difficult to assess. Only a few students have
profited from their exposure to BASIC. This
is understandable, however, considering the
lack of computer training or knowledge posses-
sed by most elementary teachers. It would ap-
pear that the computer's future in the elemen-
tary grades is as a learning device in the areas
of gaming, simulation, drill and practice and
tutorial instruction. The elementary program
has been more successful where older students
have been available to serve as cross age tu-
tors.

With regard to hardware, we have found
our microcomputers to be thoroughly dependable.
Time between failure seems to be in excess of
one year. Most of our machines are running on
16K of RAM with 8 or 10K BASIC interpreters.
Our system storage medium is audio cassette
tape. This has proven to be quite satisfac-
tory. Students store their programs on paper
tape or in cassette cartridges. We are ex-
perimenting with teletype vs. television mon-
itor I/0 and have reached no conclusions. We
are finding our Cromemco Z2-D machine to be
the most versatile, by far, of all our micro-
computers. Students have their own mini-disk
for program storage. Cromemco software (BASIC,
FORTRAN, Z-80 ASSEMBLER, DOS) is superior to
anything we have seen. Also---the Cromemco
machine can expand to eight BASIC users at a
very modest cost for each additional user.
Given the exceedingly low failure rate after
installation, we expect to pursue this Cro-
memco timesharing approach in our high schools.
(The argument against timesharing is that
when the machine dies, so do all the termi-
nals.) We have also had a good experience
with our one and only PET. It performs as ad-
vertised and seems to be just as reliable as
our other machines. Because of its attrac-
tive cost ($595 for 4K user RAM and $795 for
8K) we expect that we will purchase many more
PETs over the next year or two. Since they
are less versatile machines, they will prob-
ably find their greatest use in junior high
where computer literacy is the primary goal.
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There have been some problems, of course.

We have found that a system should be thor-
oughly burned in and tested before installa-
tion. With microcomputers, the first few
weeks of life are the hardest. We are also
very much aware of the lack of good software
interchange. BASIC has yet to be standardized
and, just as important, there is no standard
medium of exchange.

In conclusion, we would like to emphasize
that what we are doing is very '"plain Jane".
We are not engaged in anything at all exotic.
We are mostly teaching BASIC. The context
of our programming is largely mathematics
because mathematics teachers have preempted
the field. We like BASIC because it is inter-
active and because it is so well suited to
the range of abilities with which we have to
deal. We know about CAI, but are not em-
phasizing its use at this time because of the
almost total absence of microcomputer adapt-
able software and the high cost of preparing
our own CAI software. More importantly, we
are following the approach I have outlined
above so that we can quickly adapt to the
new demands being placed on the mathematics
curriculum. Perhaps of most importance is
our intense feeling that programming and
computer science is a new curriculum area,
related to, but somewhat separate from
mathematics, science and electronics. The
digital electronics has birthed a new sec=-
ondary school subject and we want to be part
of its upbringing.
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MICRO COMPUTERS IN A HIGH SCHOOL - EXPANDING OUR AUDIENCE

1
William J. Wagner
Mountain View High School

Mountain View,

The title of this talk is meant to be
ambiguous, for I will argue that two
audiences are being expanded: the introduction
of micro computers into the nhigh school will
allow computer education to be offered to more
students, and further, educators like me
represent a very different -set of users of the
formerly hobbyist~oriented micro computer. So
if you think my feet are shaking up here, it
is merely because I am playing the role of the
tip of the iceberg.

Computer programs in schools are not
new. What is new is that micro computers open
the possibility of bringing computer education
to many more students within the strictures of
modern school budgets.

This broadened market represents a
real challenge for computer educators. In
every school there exist some students (about
1%, I think) who will, if you let them, spend
all their waking hours at the terminal. making
the machine jump through hoops, and
occasionally emitting those familiar gales of

“Taughter. Théy are great people (theéey are us, -~

right?). Every teacher needs these kids
around - they keep the adrenalin circulating.
We are proud of their programs and like to
take credit for their progress. Indeed, we
should take some credit, but not for teaching
them much. Our contributions are in
suggesting interesting new kinds of problems
and in getting the equipment in their hands
in the first place.

Important as it is to give these
future professionals and/or hackers their
first boost, our programs should not be judged
or justified according to the progress of
these superstars. Schools are full of lots of
different people, and it is this other 99%
which I intend to discuss here, and to which
the program at Mountain View High School is
directed. Also. although I am by no means a
computer hobbyist and have only limited
knowledge of the micro computer field, I will

Home Address: 127 O0’Connor St., Menlo Park,

CA 94025
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present my views on the special requirements
of high school computer facilities, and why
we selected micros.

Throughout this talk I will also ask
for your help. Computer educators need better
ways to find each other and share their ideas,
plans, successes, and even failures. I hope
this will be the beginning of a useful
exchange among us.

Ihe Students

Without risking more guesses about
percent composition, here are five categories
of students, for the purpose of discussion:

A. The computer hotshots. These have been
discussed above, but I should add that they
are not necessarily the best students in other
classes, aud may even have trouble getting
computer assignments in on time. We can
really help them by focusing their energy and
enthusiasm toward activities which will
continue their growth.

B.. The good students in math and science. .. _.
These are our natural audience, but sometimes
it seems surprising that they do not flock to
the computer. For one thing, they are very
busy with course work, and school courses are
not often set up to reveal how the computer
might be of use. And the tightly packed
college prep schedule has little room for
electives.

C. Other good students. This may be the
largest group in any school. They also are
busy with various school activities, but
unlike group B, computers are not on their
list of things to pursue some day. Further,
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
particularly top students. Some of these
might be interested in our hardware, but not
so much in how to manipulate it. Others find
programming to be their first interesting
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"academic" class. Often their math level is

so low, however, that the number of problems
that can be suggested is limited.

L. 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
programning 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 Qur Audience

I think that we designers of computer
curricula 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 flocked 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 outside 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 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 as
their thing? It is a difficult teaching and
strategic problem, but we must continue to
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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. Unce 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 part of
a general education. And for those students
too busy, nervous, or skeptical to commit
themselves to a full course, we must find ways
to 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
school itself, 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.

In this utopian school computer
instruction of some kind would be a natural
part of most students’ coursework: either 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 can of course 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 i
students and apparent to more decision-makers.

Finally, I think that almost anyone in
high school who is willing can be taught
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
problem is pedagogical rather than one of
prerequisites. What we need is a set of
activities for various levels of student
ability and interests.
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It would be glib for me to say that
this is an easy task, but I am busy working on
the problem, and believe it can be solved
satisfactorily.

The Curricular Offerings

At Hountain View High School we have
tried to broaden the audience of our cowmputer
offerings by using five different approaches.
They are a two week course in BASIC offered as
a unit in certain math classes, simulations
and games which have applications in various
subjects offered in the school, easy access to
the computer at designated times for game
playing, classes in programming which offer
experiences at three distinct levels of math
ability and interest in programming, and a
well attended adult education class in BASIC
at night. .

First let’s talk about what we do not
do. There is no CAI per se because I have not
figured out how to accomplish this in a class
situation with our present facilities, and I
await the software which can provide the
organization, record-keeping, and pacing which
are required in order for CAI to actually be
a help to a teacher. Also, I await the teacher
who wants to give it a try. Another thing we
do not do is any kind of instruction about
hardware or lower level languages. This
is simply because I know almost nothing about
these things. I am a teacher, a sometime
programmer, and somewhat of a mathematician,
but I have had a nervous awe of electronics

.ever since my younger brother became a ham _
operator in the sixth grade and began speaking
in tongues. I hope that others will know some
ways to approach these omissions, or will
suggest other activities we could usefully
pursue.

The Two Week Course. This has been the
backbone of our program. It has brought
programming to a large number of students and
it has been effective in building enrollment
in our programming classes. Furthermore, it
was a major factor in gaining permanent status
for the computer program.

This course is based upon two
premises: (1) A remarkable amount of
programming in BASIC can be taught in two
weeks, and (2) if programming is introduced
as a non-optional part of a course, then some
of the barriers against participating are
transcended (for example, none of the regulars
are around to make people feel dumb, and most
students tend to try harder when something is
expected of them, compared to a situation in
which the activity is optional).

The two week course was first offered
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in Y math classes during the Spring of 1977.
The classes were Geometry, Algebra II,
Trigonometry, and Calculus. Modified versions
were given in three other lower level classes.
1 taught each course with the assistance of
the regular teacher. I am confident that the
same proportion of students who pass these
classes came to understand the essentials of
the following statements: INPUT, LET, GOTO,
PRINT, and IF..THEN, how to work with strings,
and how to use the system commands like GET,
SCR, LIST, NAME, SAVE, and KILL.

At the minimum each student wrote and
ran 0 programs, some related to their
coursework, one using strings to produce a
conversation with the person at the terminal,
and some of general interest like computing a
batting average, or a grade point average.

Let me emphasize that this was the minimum.

In each class there also appeared advanced
programs such as one similar to NUMBER, change
calculators, prime generators, and, my
favorite, a program which guesses the person’s
secret number. Each of the writers of these
particular programs had never programmed
before, and accomplished these results

within two weeks.

The facilities during this first go at
the two week course were four teletypes
time-shared to an HP 2000F at the Santa Clara
County Office of Education. Everything was
rented, because this was to be a pilot project
to prove the value of the program and to help
us better evaluate what facilities would be
needed. I will discuss facilities later in
more detail, but let me add here that four
stations seemed sufficient, although one of

"the few complaints from the students involveéd ™

the need for more terminal time.

Games and Simulations. HANGMAN in
French and Spanish (and also in Tagalog!),
LUNAR in Physics, CIVIL and ELECT in History
classes, story programs in Creative Writing,
NEWTON (getting across the stream against the
wind) in Trigonometry, demonstrating limits
in Calculus. These are all activities which
we have carried out with classes. We reach a
lot of students this 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 them.

The problem of interacting with other
teachers and their curricula is an extremely
delicate 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
The entire class should be able

B . £277 o aa
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to get involved, and 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 they
are probably not from either group A or B
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 sucessful strategies are very
critical.

Game Playing. The computer facilities
are open various times during the week for
game playing by any student in the school. The
HP system library is full of games, many with
no educational value. We do not encourage
these games, but they do attract kids. We try
to show them the more interesting (from a
teacher’s point of view!) alternatives to
FOOTBALL, BLACKJACK, etc, and there are many
on that system.

When we have changed over completely
to our own computers there will be more
control over the available games, but I still
think that game playing will continue to be
an important part of our program. There is a
lot of thinking and problem solving required
by the right selection of games, and I think
such things are a useful addition to a
school’s extra-curricular offerings. Game
playing leads some kids to inquire about
programming, gives others ideas for original
programs, and at the minimum lets a kid
interact with a computer in a non-passive way.

Programming Classes. There are now
three sections of a one semester course in
which the primary activity is teaching BASIC.
In the course description I made Algebra
"recommended but not required”, which is
consistent with my desire to reach more
students and with by belief that programming
can be taught to a wider range of people than
is usually thought possible. Students from
each of the groups A through E described
previously enrolled in the class, and it was
immediately apparent that the course could not
follow a traditional format of lectures and
assignments.

The course now operates on three
different levels. Some students just work on
programs which they and I agree would be
productive, and ignore the regular schedule of
assignments. This schedule involves
completing four chapters of our text, but
almost every book or program assignment is
divided into two levels of difficulty
(students choose for themselves which level to
tackle on each assignment).

I would be glad to discuss the course
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in more detail with anyone interested, but let
me close by highly recommending our text -
Computer Progamming 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 Algebra I, which has caused me to
generate a lot of supplementary problems.

Adult Education.
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 you think
about a public school as a community resource,
many uses come to mind for a public computer
facility downtown. We are interested to
talking to others about these possibilities.

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 after another six months final
approval was obtained to begin.

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 improve-
ment each year. At Mountain View High School
we now have adequate permanent facilities in
large part because of sustained parent support
in the early stages, and because we were able
to involve a lot of students in a short period
of time during the early part of the project.

Computer Facilities

Since October, 1977 we have been using
two time-shared teletypes and two purchased
Processor Technology 'Sol" micro computers
with North Star disk operating system and
software. Each of the.units has 24K of usable
memory, which means that BASIC programs may
reach about lOK in size. We use an Okidata
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printer which may be accessed by each of the
computers through a centrally located switch.

We have been very pleased with the
Sol-North Star combination, and with the
delivery and support provided by the Byte Shop
of Palo Alto. As I write we are selecting two
more units, one of which will be a Horizon
computer from North Star with a dual disk
drive.

The primary reason for choosing micros
was cost, for the total purchase price of the
four systems will 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 also
DEC’s maintenance costs 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 day with 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 very easy
to use. Students should be able to
concentrate on the programming and ignore 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 language
or hardware, but the overall program should
not depend for its operation on this
individual or his/her knowledge. Uncommitted
teachers will not want to touch a system which
seems inaccessible or arcane.

In addition to satisfiying these
unusual requirements for a 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 a student discovered how to
allow data entry without the carriage
return ... and so it goes.
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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 own terms rather than yours. There are
a lot of teachers and students like me out
there, and 1 predict that next year this place
will be too small to hold them all.
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"INTRODUCING THE COMPUTER TO THE SCHOOLROOM

DON BLACK

INTEGRATED COMPUTER SYSTEMS, INC.

3304 Pico Boulevard

Santa Monica, California 90405

(213) 450-2060

Formerly Director of Computer Activities

THE LEARNING FARM

2696 Valewood Ave

Carlsbad, California 92008

AT THE LEARNIN G FARM,

‘We have been playing with our computer for a
year and a half now. All the students in our
school use it in one form or another, as do
the teachers. Less I mislead you, we have
3-5 teachers and 20-40 students in a 'alterna-
tive education' environment. Instruction is
individualized, we try to maintain an 8 to 1
student-teacher ratio.

Needless to say, there was a great deal
of resistance to the introduction of this new
A/V technology to the school. I would get
comments like "They scare me.", "I don't like
computers.", and this was from the teachers!
Distribution of a few biorhythm charts, compu-
ter generated poetry, and Weizenbaum's ELIZA
helped dispel any qualms about the system
replacing teachers or taking over the school.

Before I brought the computer into the
school, I made arrangements with the teacher
of a local community Junior College (Palomar
College, San Marcos, California), Mr, Mike
Michaelson to bring my students to the computer
center a few hours a day for a computer program-
ming class. Mr. Michaelson allowed access to
the Univac 70/7 system and a classroom, much
to the chagrin of the Computer Science Depart-
ment.

My plan was to introduce the students to
some computer games and gradually sneak in some
educational courseware. Unfortunately, the
college had no computer games, and frowned upon
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their valuable computer being used for such
frivolousness. So, back to the drawing board
While I was busy drawing up my new plan of
attack - designing and prcgramming the

PILOT Interpreter/Editor System - unbeknownst
to me, my students were busily typing in the
code from 101 Basic Computer Games, DEC and
What To Do After You Hit Return, People's
Computer Company. They were doing this in
the afterncon on their way home from school.
Needless to say, this did not endear me to
the Computer Science Department.

However, Community College policy is to
serve the community. When our plight was
brought to the attention of the administra-
tors of the college via the parents of the
students our fairy godmother appeared in the
form of Dean Cootz, Dean of Science and
Technology and Tom Dolan, Head of the Compute:
Center. These gentlemen, through the
Mathematics Department, offered us unlimited
computer time for the duration of the semeste:
in order that my students might meet their
high school requirements. We were required
to allow the Business Administration students
priority on the system.

Remember the plan? My daddy always said
"planning is essential, but plans are no damn
good". Much to my surprise I discovered I
had five computer nuts, now programmers, and
their friends - potential computer nuts. The
friends were playing the games that the
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programmers had implemented.

POKER, MUGWUMP, HURKLE, WUMPUS, PIZZA, BIOSIN,

This last game was of their own devising: take
a game and reprogram it so that you have better
odds, (there may be a lesson there).

join 'em". It wasn't too far from our schools
educational philosophy to let the students play
games (after all, the teachers play some less

constructive ones), so I incorporated the games
into my educational strategy.
was completed so we started translacing their
selected games from BASIC into PILOT.

context.
explore the fundamentals of computer languages,
freeing them from a "dialect' dependence. They
learned personally how the implementation of a

particular syntax forces a programming strategy.

provide to the San Diego County Department of

System in return for the loan of a Teletype and
access to their Burroughs 6700 system for a
semester.

We still have access to the system and are
at the time of this writing, negotiating for an
extension in exchange for courseware., My thanks
to Dr. Jane Gawronski, Mr. Bob Doolittle, and
Mr. Bill Cue, not forgetting the glib operator
with the sagacious one-liners that appear on my
terminal at 3:00 in the morning.

The final educational strategy was:

1) Introduction via playing games.
taught some basic skills:

This

a) turning the system on & off, b) keyboard
familiarity, c¢) loading and executing a
program.

2) Elements of Computer Programming. Using the
PILOT language I introduce students to the
concepts Input and Output. I give them the
'T:', and 'A:' statements and have them
write a simple program.

3) The Black Box. Between Input and Output
a Black Box that performs mysterious
operations:

a) Move a string from Input to Output
b) Remember something typed in.

4) Decisions. The computer may compare an
answer with an expected answer, and make
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The games that the
audience had chosen were STARTREK (now a classic),

3DPLOT, MAZE, TIC TAC TOE and BEAT THE COMPUTER.

My daddy also told me "If you can't beat'em

By this time PI/ES
The games

that were not translatable, we used in some math
The translation allowed the students to

At this point, EDUTECH Project had agreed to

Education one copy of the PILOT Interpretor/Editor

a decision based upon this comparison.
'M:', 'Y:' and 'N:' instructionms.
(Match, Type if Yes, Type if No).

Some of our students lose interest follow-
ing number 4, above. They have the option
of leaving the course at this point with
a functional degree of computer literacy.

5) The students are now ready for more
esoteric concepts such as 'J:' - Jump,
'U:' - Use (call), '"E:' - End (return),
'C:' -~ Compute.

6) The students are now writing and debugging
their own programs and translating from
BASIC to PILOT. The translation teaches
them some programming tricks that are used
by more experienced programmers, and how
language capabilities differ.

7) New tasks are introduced that are not
possible with PILOT (such as array
manipulation, File I/0, Function refer-
ences) that occur in BASIC games. The
students then dig into BASIC in ernmest.
In the same way, FORTRAN is introduced.
Attempts to debug BASIC programs intro-
duces the virtue of Structured Program-
ming and Documentation, Our students
discover programming on their own, withe.
little guidance from the staff.

When the other teachers witnessed the
success I was having with the computer, their
interest was aroused. The programming students
introduced the teachers to the games that they

.had written, and even taught them the rudiments

of programming. The computer terminal has now
become the focus of school activities in the
area of academics.

One teacher wrote an English lesson pro-
gram using the MADLIBS program in PILOT.
Students interactively supply a list of adjec-
tives, nouns and verbs of the proper tense
and the program uses Mr. Basener's stongy 'mask’
to write a story. A student then wrote his
own program to tell his own story.

Mr. Tim Dawson, our English teacher, uses
the Stanford Writing Programs by Ellen Nold an¢
Sally Cannom (as appear in People's Computer

'Co.) in his English classes.

Mr. Peter Brown the Director of the
Learning Farm, uses some PILOT programs
acquired from Maria Montessori of the Golden
Gate school in San Francisco for the younger
children (thanks to Ursula Thrush).
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We have developed a few PILOT arithmetic
and English Grammar programs. Our arithmetic
programs get progressively more difficult and
display the student's percent correct (grade)
and average response time (time to answer a
question} at each level change. The levels
start with horizontal addition of two random-
ly selected numbers less than 5 (5 + 4 = ?)
and proceed in individualized increments to
multiplication of two 3 digit numbers and
columnar addition of three 3 digit numbers.

The gimmick here is the response-time. As

the students master the material (grade = 100%),
they begin competing among themselves for quick-
er response times. These routines provide self-
motivated drill and practice.

The grammar programs are also very simple
so that there is a lot of positive action on the
part of the student. One series of programs
requires the student to identify a particular
grammatical element in a given sentence, such

as the verb. A second series requires the

student to identify the part of speech of an
underlined word in a sentence. A third requests

a word of a particular part of speech, and then
weaves the words into a story. 1In a fourth series,
the student constructs a sentence from a list of
words provided by the program. The program then
checks the sentence grammar. These routines give
the child experience manipulating symbols. Words
become things - tools - to be used.

In order to make this material available to
users beyond the Learning Farm we are working
on documentation, the hardest but most necessary
part of the system. This paper is perhaps an
element of that task.

If you are interested in writing course-
ware or lessonware, contact the PILOT Information
Exchange at Box 354, Palo Alto, California, or
the EDUTECH Project, Box 1023, Encinitas,
California 92024, and you will receive some
author's guidelines.

Let me leave you with this advice - write
the documentation first,
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EDUCATION OR RECREATION: DRAWING THE LINE

Abstract

There is, in any discipline, 2 fine line
dividing serious work and play. So it is with
computing in schools, and this problem (of
defining serious work) is magnified by the
large role that game playing and game
development assumes in curricula with
computers. It is inherent in interactive
computing that CRT's tend to become
recreational devices -- a visit to a
university computer where students have
virtually unlimited amounts of computer time
on interactive systems (Caltech's PDP-10 or
Dartmouth's facility, to name only two) will
verify this. Games appear to be the sole
activity on terminals (at least upon 2 general
inspection) with little "serious programming"”
done at all (serious programming belongs
exclusively to the batch processor, where
there is usually a cash ante). With
microcomputers being virtually universally
interactive and video-based and the economical
approach for use in secondary schools, the
impulse to play games can be addicting beyond
all reasonazble value. After a student starts
the nth run or version of Star Trek, how can
you hold the line?

Introduction

~ Perhaps we might ask how many Klingons

must be destroyed before a student ceases
learning and is merely passing time, avoiding
his or her academic assignments? The same
question may be asked of an educational game,
say the Huntington Project's "Pest
Management” {1] : how many flies must the
student wipe out before the game ceases to be
educational and becomes solely recreational?
For this program "as soon as s/he kills the
flies cheaply" or "when s/he passes biology”
might do; in general, "how much is enough?”"
might be answered by noting when 1) the
student starts to modify the game; or 2) the
student starts to modify the game, by
resetting variables, to cheat; or 3) the
student becomes bored with the game and either
asks "What else have you got?" or gives up
computer games and wanders off toward other
ventures.

The game is a means by which we attract
people to camputers — and perhaps hand out a
little ethical education. 1In any of the
situations of extreme behavior with respect to
game playing or, sometimes, game development
(at least of those games which we might
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consider with little educational value or
simply variations of the same theme), the
educator must reevaluate the role games play.
Surely there must be other activities. I with
to present some experiences and observations
as a preamble to a short forum on alternztives
to games which will follow this talk at the
Faire. Last year, Liza Loop (2] observed:
"Don't introduce Startrek or gambling games in
class. You'll never get the kids' attention
back." Some of my observations are as
profound, but designed for those who did not
heed Ms. Loop's advice. They generally apply
to older students (most students where I teach
math and supervise computer activities have
virtually unlimited time fro grade seven
through twelve). For standardization,
computer statements are in BASIC.

Getting Started: Problems

Without categorically rejecting games and
their development in 2 curriculum, there must
be some other activities the teacher can
suggest as an alternative to trekking. Perhaps
we need only look at the batch processor for
the answer. Most will agree that time spent
programming a 370 (or whatever) is time
well-spent (never mind that the computer money
might not be better spent in other areas of

..research or other approaches). We batch

process because we have a problem to solve.
Wwhy can't this use be fostered in high
schools? It is important to preserve the
integrity of of the computer education
department 2s a competent entity of problem
solvers and not game players. Then, and only
then, will we be asked by our colleagues to
solve problems, and maybe develop a few. It
is, of course, not as much fun — at least at
first. And, upon running short of problems,
other approaches can be suggested. If work
seems justifiable, then the time spent on
games seem to be a2 little more justifiable —
some time off for a brief period of
recreation. I'm not saying no one should play
games or write new ones for computers; 1've
indulged quite a bit in this pastime and it's
great. But other things can be achieved with
as much pleasure, and it is important to
develop a working spirit.

Game development reveals a lot: one of
the most illuminating and frustrating
afternoons was spent with 2 particularly
bright and very imaginative ninth-grader whose
descriptive abilities had not quite matured.
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He was interested in programming a hide-n-seck
game of the twenty-sscond century, where
players took turns peeking from behind a
barrier, semi-permezble to laser (or was it
phaser?) pulses; you got so many chances to
move or lase, or whatever, until you blew your
opponent (he hoped would socon be the computer
off the face of the screen. "Whew!™ I
declared, "that's some game, but let's play it
together without the lasers, please.”™ With
difficulty avoiding reference to the
futuristic ordnance, this ezger fellow (who
happens to be a good chess player, good at
math and not a computer novice) to agreed to
show me his game with 5 chessboard, a couple
of pawns, 2n invisible barrier which we both
agreed to respect, and notepaper to record the
results 2nd rules. As it turned out, the geme
was totally undefined. von Neumann would have
been both pleased (it's clearly a zero-sum
game) and disappointed (it has no rules). I
keep sz paperback on game theory near the
computers, and most are, needless to say,
dissappointed at its definition. Corollary to
this, it's a good idea to have a game
development system: checkerboard, dice, cards,
a copy of Hoyle, etc. near the computers.

The above illustrates one of the
fundamentels that holds computing, and the
methodology of clearly defined and logical
procedures we subscribe accompanies it,
together: if a person cannot verbally describe
an operetion, s/he surely cannot write a
program to perform it. Problem definition is
a constant problem (but the effects of its use
are strongly felt in camputing and elsewhere)
-- when is requesting a problem definition
asking too much? At one point, requiring
students to request time with a clearly-stated
paragraph was tried for a couple of days, but
was not too warmly received; it was hoped this
would weed out the monopolizers and those who
were constently writing trivial programs (10
PRINT "HELLO";:GOTO 10) as jokes. At best,
you can pester students to do this, and to be
self-consistent, this would require the person
who might be curious enough to begin computing
to request, in writing, to play MUGWUMP [3].
At worse, the whole operation might succeed,
and the teacher becomes a miniature
bureaucracy awarding time for successful
proposals (this might be educationzl, but
let's defer this lesson for as long zs
possible).

Working with the Students

Let your students define with you the
operating procedure for allocating computer
time (I've tried limited hours per week by
sign-up sheet and it's really hard to
maintain). Agree to practiczlly anything,
including unlimited time, but insist on each
student's having at most three programs or
projects (two is better) that s/he might work

on. Then when the project becomes bogged
down, insist on clearly-defined questions and
problem definition before you help them out
(you won't be 2ble to do so any other way) .
The only escape from this, for the
undocumenting student, is help from others.
Reserve the right to restrict this, and you,
ard your trained students, will strazighten out
the corner-cutters.

For those that begin by typing in games
from the various sources, suggest that they
limit the associated story to skeletal lines
and go for the computation statements (note:
it is imperative that linenumbers be preserved
in order to assist in proofreading and
debugging. Also, remember to acknowledge to
source, author and typist/translator in a
comment; early adoption of this practice will
insure later respect of 2uthorship and
documentation -- comments may be minimized,
but not removed. 1In later practice an
original program should begin with comments of
declarations, entry points, subroutines. The
program will then seem to write itself.)
Once a student hes completed the guts and is
satisfied that the game is meaningful, it is
appropriate to append instructions, fancy 1/0,
etc. Maybe s/he will find the game was not
all it wes advertised to be; s/he will have
saved some time (lots if s/he doesn't know how
to type) or possibly have found something more
challenging.

On the other hand, a BASIC INPUT
statement without a prompt message is
worthless. When posed with a solitary "2"
during the execution of a program, I am
tempted to respond to this ERROR 477 [4] with
"WHO, ME?" and await the usual "REDO FROM
START" (unless someone was just named "WHO,
ME?"). wWhile the computer misses the message,
the programmer seldom does. Error recovery is
& very important habit to develop. Tt is not
to much ask for idiot-proof programs, with
software designed to work with humans.
Programs are complete when some proof of
correctness has been demonstrated; we must
instill the importance of documentation in 211
students.

Assembly Language

207

Z  Assembly language coding is surely one of
the best activities for those who really
understend BASIC to the point where they're
almost bored or keyboard in short programs but
fail to develop them. To be sure, programming
in assembler requires time and dedication on
the part of the teacher, and usually some
classroom exposure to the instruction set. In
some circumstances, this mey be impossible to
provide directly, but for those who a true
prodigies, the manufacturer's monitor listing
and the chip's manual may be all that is
necessary, with a few video games from Dr.
Dobbs' (here the means justify the ends) or
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other source [5]. Programs, utilizing
memory-mapped output via 2 VDM or VTI, are
especially good, because the results can be
quickly realized. Even if the program blows
up, some video output has probably evolved,
giving hope, necessary according to Joyce.[4]

Start students assembling by having them
copy programs and patch I/0 to your own
system; pretty soon they'll come up with their
own ideas, or possibly assist in getting some
mejor systems software implemented. Mostly,
by the nature of assembler, they'll be
diagnosing errors away from the computer,
defining their problems more carefully.

At present, I have a half-dozen students
working on assembler programs. Excluding the
student who speaks macros, two are working on
programs in assembler because it's the only
way to achieve the speed (ever try to write
PONG in BASIC using POKE statements?), one is
interested in robotics, and several others see
it as an opportunity to increase their machine
time, though they don't realize it is actually
freeing the machines, while puting greater,
but tolerable, demands on my time. 1In the
end, I think, it should pay off as I get six
reliable programmers to implemet software,
debug, document and maintzin the hardware.
It's a chance to work more closely with the
students, and sometimes you wonder who's the
teacher. They're full of ideas.

The Unexpected from the Youngest

In the summer of '77 (which will be best
remembered for "Star Wars" and a demand for
more spectacular space gemes), 1 assisted Dave

Kressen, .2 veteran educetor, math and computer. .

science teacher of the junior high (and
younger) levels, in a "summer school" offering
of programming micros for students post fourth
through eighth grade. Dave, with several
years' experience using Caltech's PDP-10 as
the principal computer, had taken task to
write his own BASIC primer, "The Mathemetics
of Programming in BASIC" [6], the previous
year, compiling a dozen arithmetic problems to
be solved, each adding successively camplex
programming technigues (I generally refer my
senior high students to this text and suggest
they try the programs to see how counting
methods are used, deciding the best conditions
on IF stetements with the multiple statement
per line BASIC used by micros; Kressen's
booklet uses ANSI BASIC and hence, is not code
optimized). For the most part, the older
students were interested in games, Star Trek,
and cornering the market on source tapes which
they might trade at a cash profit, which is 2
problem to be solved. The new fifth and sixth
graders, having a first "hands-on" experience,
were going through the mathematical exercises
and, with only & slight discpplinary hand,
tending to business.
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when the problem of generating primes by
Eratosthenes' seive was 2ssigned, quite an
amazing treansformation took place -- the
younger students were absolutely spellbound by
primes (it should be noted they understood
what » prime was), and especially by the rate
at which the gaps between primes grows. There
was considerable speculation about when a2 gap
of 100 might be found. Tt beceme necessary to
dedicate one computer to generating primes
overnight; this reguired 2 premature
introduction to the one-dimensional array (to
hold the primes between print-outs) and the
two-dimensional array (to hold the lower of
two prime and its associzted contending gap).

The kid's ideas and questions on this
perticular of how tc generate primes faster
(Kressen's original program used trizl
division by 211 odds less than the squere root
of the odd integer in guestion) were
unbelievable. Ten-year-olds suggested thet it
would be faster to try only known primes as
trial divisors, and thus a bootstrap routine
to generate the first primes to 1000 was
written to produce a basis set. The problem,
designed to introduce the GOSUB stztement,
captivated the class for over a week, started
programs in prime-factorizestion, tests for
perfect numbers and eager efforts on
Goldbach's Conjecture (that all evens can be
expressed as the sum of, at most, two primes).
when asked zbout the apparent slow speed of
the computers (2 weekend to genecrate 2ll
primes between 200,000 end 900,000) most were
able to identify the method of programming as
the ultimate limitation and several suggested
that the numbers could be represented as whole
numbers rather than reals to speed things up.

Motivation and Incentives

208

Within most fields, incentives to produce
a superior product are commonplace, arising
out of competition rewarded by recognition.
Practically every aspect of education offers
incentives, competition and recognition, and
so it should be within a computer curriculum,
Certainly writing and debugging a pasrticuler
program are milestones themselves, 2ffording
the student the satisfaction of mastering a
demanding servant. Perhaps, also, the numeric
result achieved will find its place among
others in a completed piece of research or the
cataloging of records or similar data
processing effort.

Building a library of good software
requies that we provide these three
ingredients to the student programmers. An
immediate recognition of a minimum level of
quality occurs when others ask for copies of
programs, and for works of particular value,
requests that they be made universalily
available (with appropriate documentation)

BOX 1579, PALO ALTO CA 94302



introduce new incentives to the student to
improve the next effort. We must always
challege his or her capabilities in new
areas.

A particularly effective recognition is
to ask one competent programmer to write 2
particular program. In this instance it is
particularly important to approach the student
as a professional. S/he may or may not expect
clearly specified I/0 routines, but after
having received them, s/he will appreciate
their value. Commission your better
programmers with good problem definition, some
suggested reference materials or algorithms,
and be surprised by the results — it can even
be done with novices, if you offer a little
help. Two students wrote an effective class
grading program as their third BASIC project
in only several hours after some preliminary
meetings about sorting methods, averages,
medians, data allocation and trying two
programs out of Kressen's book (they were able
to translate mathematical algorithms into
character algorithms after agreeing that "a"
is no more equal to "B" than 1 = 2).

The concept is no different than giving a
programming assignment to z clzssroom of
students and assigning grazdes; in this
instance, however, you deal with one or two
(that's the "gradelike" incentive) and follow
up by using the commission work, saving it as
an example of good, complete work which might
be the basis for the next program

A modification occurs when the school is
part of a user's group. We are part of a
group which has 2an excellent barter economy
established. For each program accepted, we
get box tops worth $15 in exchange programs
(which usually sell for $3 to $5, which seems
like a fortune to some kids.) It means we
get recognition for contributing worthy
programs, we can save some effort keying in
progrzms we don't already have and we get to
see what others schools are doing with similar
systems. The biggest problem is a common
medium of exchange. For users of identical
equipment, there is little problem, but
Grimes'[7] observation has been prophetic.
Schools should be at the head of users groups
-- there are too many opportunities and
incentives lost without them. The programs
should not be limited to BASIC, as assembler
and CAI programs need encouragement and
resources.

Finally, end-of-year recognition is no
more out-of-place in computing than in
basketball or scholastic achievment.
Certificates of Excellence should be awarded
by a knowledgable faculty/professional
committee and should be vertically
distributed. The incentives, direct and
indirect, with adequate recognition will
produce good competition. The combination
result in a productive atmosphere where the
students feel they ere truly working, insist
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on conditions suitable for productive work and
become discrimineting and efficient in their
use of time and resources. They will also see
the computer 2s & tool to solve real problems,
because, in the atmosphere described, that is
what they hve been doing throughout.

A Summery of Suggestions

The following might be useful in
developing and maintaining a computing center
where little question of the justification of
its existence will ever arise. Some
suggestions have been developed above, and
others are offered without comment:

1) Computer educators must encourzge
colleagues in other academic fields to assign
problems which require computation to achieve
a satisfactory solution. Numerical solutions
to long algebraic problems, simultaneous
equations, even atomic structure and
solid-state problems become reasonable but
challenging for high school level science and
math, as examples; social sciences can use
simulations and statistics which are really
just games with a lot of data.

2) Get and use an assembler. The
problem solving techniques required to use
assembly language are applicable in any field;
furthermore, you'll be able to develop and
implement a very extensive library of utility
programs.

3) Start and maintain 2 library of
programs, & use your students to get the job
done. 1Insist on documentation before and
after actual programming. Encourage
competition and show recognition when earned.
Participate in an exchange with other
schools.

4) Try to promote the idea of dates
processing at the student level, i.e. meintain
club rosters, newspaper advertising accounting
on the educational computer. Have students
write the programs.

5) Maintain a2 workroom atmosphere
relative to the student age level. There will
still be some frivilous game playing one, but
usually as a temporary diversion.

If you must Trek, by all means insist on a few

basic modifications to the probably most

widely-found version by Lynn Cochrane [8].

The course bearing notation (l=east or right
to 8.9) is found nowhere on (even
astronomical) maps. Use the standard poler
coordinate system where 0 degrees is to the
right; try accepting angles greater than 360
and negative bearings (figure aznother way to
abort the torpedo or engine command). For
advanced students, have them indulge in radian
measure (in units of pi), and, memory
permitting, replace Spock with an "on-board"
computer which returns principal angle
arc-tangents given rises and runs (remember
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the division by zero); the students can then
think to figure out the proper quadrant
adjustment.,

. Also, I'm a little incredulous about 2
photon torpedo's (even one from the
Enterprise) capability to destroy a star —
disable this awsome feature with a hard fix.
To do 211 of this, you will have to look at
the program. "What to Do After You Hit Return
[9] makes its biggest point in the value of
game playing when it suggests the game is not
so important, it is how it is play and how it
is programmed. You'll have to figure out how
Cochrane makes the stars go away before you
can save them. So for all the problems Star
Trek has created, here's the praise it
deserves as being a model program of
efficiency. A good starting assignment for
your students: explain where Klingons come
from! And if they waste those torps on stars,
or spend afternoons stalking Darth Vader,
insist they be guiet about it!! Others are
working!!!!

Conclusions:

I have attempted to define several areas
thet cen be considered productive activity and
those which are recreational. To justify a
computer activity as productive is very
subjective, but a2 reasonsble definition might
be an activity requiring that an active mental
process employed to achieve a defined goal --
work, if you will, And if your goal is to
destroy 23 Klingons in 30 years, to do so
might reguire an active mental process, though
usuzlly not for long. 1If given challenging
problems to solve, encouragement and 3 little
incentive, students will opt to solve

problems., And "problems" are-relative, -also.

To a2 ten-year-old, his or her curiosity might
be the biggest problem. To an older student,
using a different language to represent the
same data and procedures is truly a
challenge.

One person's play is another's work —-
how or where do you draw the line? It is an
important question to ask yourself, 2nd to
reflect thought and development in your
computer curriculum.
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LEARNING WITH MICRO COMPUTERS

Richard Harms, Santa Ana College

Santa Ana,

Introduction

It is interesting that we
should have in our language the
idiom "A person learns a bit at a
time". This paper describes an
instructional approach based upon
the micro computer equipped with
tape cassette. The approach is
structured around the premise that
"A person learns a bit at a time".
Small segments of any topic are
presented to the student. The
student works with the material at
his own rate. Based on his responses,
individual learning pathes are
developed. Non-computer disciplines
including accounting, journalism and
psychology have been successfully
implimented.

The Rationale

3 The problem of designing learn-
ing packages for computer is not a
new one. Work in CAI (Computer
Aided Instruction) goes back over
the past ten years. The cost per-
formance characteristics have tradi-
tionally been achieved by spreading
an expensive resource (the computer)
over many users and long periods of
time. It is then generally possible
to show favorable cost performance.

With the microcomputer the
primary cost constraint in CAI is
eliminated, namely the expensive
resource. We can then concentrate
on what should be our primary object-
ive of computer learning - effective
learning. It is this objective with
which we have attempted to work at
Santa Ana College, and this is the
nature of my presentation.

Within the confines of the
latest widely marketed microcomputer,
a system has been developed for
authoring and presenting CAI which
requires very little computer ability
of either instructor (author) or
student. This system is an outgrowth
of a successful system called GULP
(General Utility Language Processor)
which was implimented several years
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earlier on an educational mini-
computer.

As is true of other CAI pack-
ages, two distinct processes are
required. The first is the author's
creation of the material and the
second is the delivery of the mat-
erial to the student. Both pro-
cesses are discussed below.

Creating the Lesson

As a general level of soph-
istication within the microcomputer
state-of-the-art, learning programs
can, at most, be tutorial in nature,
including sufficient opportunity for
student drill-and-practice. The
microcomputer of today by its very
intent cannot be used for extensive
simulation and gaming learning
models. To prepare the tutorial
lessons, then, the instructor must
identify salient points which are
student important. Prior material
assumed known or unknown must be
clearly defined. The instructor
prepares briefs of each background
point. Physical constraints such
as screen size are considered in
writing the briefs. Briefs of
student important points are also
prepared. Meaningful interactive
questions are developed for each
brief. Consistent with the initial
assumption that learning takes place
"a bit at a time", each fragment is
kept discrete.

After the instructor has
created the text and questions and
answers for the student learning
session, an interdependent relation-
ship is established manually between
the lesson fragments. This is, in
fact, similar to the PERT process.
From these dependencies a linear
string of fragments must be produced.
If ties exist, an arbitrary ordering
must be made because the next step
in the process is the transfer of
all fragments to the tape cartridge
device. The fragments are serially
chained. Subsequent fragments are
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response dependent. A correct stu-
dent response may cause the program

to rcoute to one fragment, an incorrect
student response may cause the program
to route to a different fragment.

This allows the most flexibility for
developing materials geared toward
individual differences.

The approach is not without
flaw. If it is necessary to deliver
the same material twice (i.e. the
student did not "get it" the first
time), the material must be stored
twice on the tape. Good lesson
design will keep textual material
brief enough so that the material
is still on the screen if the question
immediately following the material
is missed. Using this technique,
the instructor can tell the student
of the error and refer the student
to the material still on the screen.

The program for storing the
learning fragments, prompts the
instructor, accepts his input, and
stores the lesson on the magnetic
tape. All the instructor materials
are stored as data on the tape. 1In
delivering the data to the student,
the structure of each lesson is
such that the delivery program is
identical for all lessons.

Presenting the Lesson

After the instructor has pre-
pared the lesson and stored it as
data, multiple copies of the tape
are made. Tape costs are low and
the intent is to have available in
the classroom a copy of any lesson
for any student at any time. We
are incoroporating the microcomputer
into the classroom in much the same
way that typing classes have trad-
itionally provided a work station
for each student. The class is
conducted (in the traditional way),
using the lecture method. Students
may concurrently follow similar
presentations on the microcomputer.
Alternately, if the classroom pre-
sentation is inappropriate for the
student (too easy, too hard, re-
dundant, boring, etc.), the student
is free to pursue learning at the
terminal. Some time is allocated
for learning only from the micro-
computer. During this time the
instructor is free to circulate
about the class answering questions
and helping on an individual basis.
Finally, outside of class time, the
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terminals serve as a great help in
providing interactive information.
Not all students attend every class
every day. We have found the stu-
dents much more willing to stay with
us to the end of the semester when
they have a place where they may
pick up what they have missed. We
are very optimistic of the future.
We look forward to larger micros,
more capabilities, less expensive
quiet printers and numerous tech-
nological advances which will continue
to make the microcomputer the most
exciting educational innovation in
ten years. )
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BACK TO BASIC (BASICS)

David M. Stone, Teacher, ESS D
Box 932, Pacifica, CA 94044, 415-589-5900

The current press to get back to added to the computational part of the
basics of education {(The 3 R's) comes program was a drill in the math facts.
at a time when I, an elementary teach- Class averages in the ensuing years
er, can get funded to assemble a com- came up substantially. The importance
puter for use in the classroom. With of the drill in rote memorization of
the help of students and other teach- the math facts came home to me one day
ers, we have developed a program use- when checking how one student was do-
ing BASIC (Beginners All-Purpose Sym- ing, who always took about twice as
bolic Instruction Code), one of many long as anyone else in completing his
computer languages. drill but almost always got a perfect

paper. He was in the process of count-

Three "Computer Program Opera- ing five times five on his fingers
tors", who are students from my fifth under his desk. It took him 20 minutes
grade class, set up the computer dai- at first to do the 40 most difficult
ly for the seven classrooms of 2nd, multiplication facts. During the year
3rd, 4th, and 5th graders who are us- his time gradually came down on the
ing it this year. My suggestion to weekly drills to one fourth of his orig-
name them three CPO's seemed quite inal -time at the beginning of the year.
logical, I thought. My "Star Wars" He came back recently and said that he
conscious students named themselves had continued to do well in math in
C3PO's, politely, seeming to have junior high.
agreed with me and correcting my
misordered science fiction name all It took 20 to 30 minutes to grade
in the same breath. (It was days and record those tests on the math fact:
before I realized that it was not my in multiplication and division. Not
suggestion to which they had agreed.) everyone had the tenacity to stick to
Their diplomacy and understanding has the drill and attempt perfection as thai
been important to all of us involved one student did. A fair number of
in the project. students had reoccurring difficulty only

with certain math facts while knowing

For those of you who are devel- others quite well. As you can see it
oping computer projects or are warming all boils down to a situation that the
up to the idea of bringing your local computer can handle outstandingly well.
students some familiarity with this
marvelous tool, I hope I will pass by Implementing the Use of Hardware
closely enough to what you need to jog
the right ideas to mind as it seems to Some students just need enough time
have happened with the C3PO's. to finish in order to improve. Some

just need to have more drill on certain
The Need facts, Others could use the time bette:
by occassionally passing up the drill

First in importance, perhaps, in for developing other skills. The set-
developing a computer project is moti- ting where each student works at his ow:
vation. When working with a class of rate and level of difficulty is called
thirty in fifth grade math, the mathe- individualized learning and is getting
matical ability of the students may considerable attention in the field of
range in an approximate bell shaped education today.
curve from second grade to high ninth
grade with several of them grouped a- Enter. microcomputer nearing the
bout fifth grade in ability. Chances end of its second year of being bumped
are no two students would have the over deep cracks in our sidewalks as
same set of strengths and weaknesses. it is rolled from room to room on its

little AV cart. The children can see

As a beginning teacher in fifth the computer through the clear plastic
grade, I learned that the text book on the lower shelf which protects it
the students were using was excellent  from accidental injury. As the compute
for developing concepts but short on rolls into the classroom the teacher
developing computation ability. 1In continues to teach. The computer oper-
the following years the only thing I ator plugs in the computer and the TV
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monitor,gets the disc from wherever
the teacher keeps it in her classroomn,
inserts it in the floppy drive, and
starts up the first program which es-
tablishes the date for that day. As
the monitor leaves, the first student
in a predetermined order moves to log
on the computer and the computer has
chained from the date program to the
math program. If the student is an
intermediate grade student the com-
puter will ask for his last name and
an identification number. If the
student is a primary grade student
the computer has asked whether that
student was there. If not the com-
puter asks if the next student is
there. If the next student types in
"y" or "yes" the computer asks for
his identification number. When the
last student is finished the computer
asks once more for each student who
was absent the first time around. If
time permits the computer also chains
to an educational game which develops
some conc2pt such as "is greater than"
()) or "is less than" (K).

At the end of the morning or af-
terncon the computer operator comes
in to remove the computer and returns
the disc to where he found it. Mean-
while the teacher has continued to-
teach uninterrupted. Even in the low-
est grades a computer operator aide
can be found to correct small problems
like "input error" or call the upper
grade operator if it's something that
can't be corrected by the keyboard.

One second grade substitute
teacher I talked to one morning was
very féarful of taking on the computery
especially since a new logging on pro-
cedure was to be used that morning.

I explained the procedure to one of
my computer monitors in a few seconds.
He explained it to his assistant and
was not called back the rest of the
morning. At noon I asked the sub-
stitute how it went. She was all
smiles and relief. She said, "Great!
It was simple!”

At the end of the day or whenever
she has time the teacher takes her
disc down to the teletypewriter to get
a printout that looks something like
A~-l. Some teachers just send the disc
down for a print out.

The Use

The primary concerns of the pro-
gram are that the students always
achieve an adequate rate of success
and that the administration of the
program is acceptable to the indivi-
dual teacher. To the low achiever
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success seems to be a strong motivator.
To the high achiever success and an
adequate challenge seem to be the key.

At this writing it seems we are
able to meet the needs of all students.
This is done in two ways. First,
through variables in the program that
automatically move the student from one
level of difficulty to the next which
are chosen by the teacher before the be
ginning of the year. Second, other var
iables may be changed for an individual
after he has shown a need for more time
or a different kind of problem. For
example, the teacher may change this
variable by herself by loading and
running a program which gives her con-
trol over any variables which she may
want to adjust for an individual studen
or perhaps the whole class.

You can see from the preceding re-~
port that the teacher is relieved of
some time in correcting papers, making
dittoes, and running them off (which
also saves paper) by using a computer.
The teacher's valuable time and ex-
perience is moved away from clerical
work to focus on evaluation and even
encouragement. (At the end of the
student's drill, one of perhaps several
comments tailored to his or her person-
ality, could be printed out.) Control
of the students' educational welfare
is, therefore, comfortably in the in-
dividual teacher's control.

If what you would like to do is
somewhat like what I have just describ-
ed, some of the following hardware
thoughts may be important to you.

Hardware Considerations ~

If funds are limited, get a com-
puter which will be able to handle time
sharing. When you get the money to
expand to more terminals you can do it.
Almost 200 students use our computer
each week at my school. This gives
them about two minutes each. (A fifth
grader can do forty multiplication
facts in that time.) Two terminals
would give each student twice as much
time. Three terminals would
well, you can see my point.

The importance of some sort of
timesharing hardware comes home when
you only have to sit down at one ter-
minal to ask only one disc to give you
a listing of the events of the day
from your students. Remember, comput-
ers are here to save you time and work.

A timing routine or hardware de-
vice is important. Students who don't
get on during the day because someone
else is very slow get upset and they
upset the slow student. Lincoln Semi-

LI I
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conductor of Sunnyvale, CA has a rea-
sonably priced and, from my experience,
reliable timing board. What I'd like
to f£ind though, is an affordable board
that doesn't need to be told the month,
day, hour, minute, and second when the
computer is first turned on, Something
powered by a small battery might do the
job.

The Future

One hardware note for the future:
keep an eye out for interactive video
discs. Phillips and MCA are working
independently on players for the ed-
ucational and industrial (EIT)users
(1). Conducting a discussion while
using a computer controlled video
display could be just a year or two
away. Imagine controlling the ani-
mation, as it happens, to illustrate
your point. It may be the most en-
gagingly happy experience you or your
students have enjoyed in school.

REFERENCES

Braun, Ludwig, Video Discs:
Magic Lamps for Educators?,
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6 No. 4, Jan.-Feb. 1978, 1263
El Camino Real, Box E, Menlo
Park, CA 94025.

APPENDIX

A-1l
Teacher ?Stone
Is this a parent report.zN

January 14
ID NAME COR TOT % TIME SGN AV%

Randall s, 25 96 1: 29 + 28
Dave S. 37 94 2: 1 /* 94
Don D. 40 1: 20 - 100

COR Number of Correct Problems

TOT Total Problems Attempted

% Per Cent Correct

TIME = Time on Drill Exercise

SGN Sign of operation to be done

AV% Average percentage of all attempts
AVT = Average time of all attempts

RND Round or number of turns at the

computer

nwuna
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PERSCNAL CCMPUTING SYSTEKNS

Melvin L. Zeddies
1854 Pacific Beach Drive
San Diego, CA 22109

ABSTRACT

It is well known within the ccmputer
science community that computers are
trans-disciplinary. They provide,
in many ways, a unifying influence
for educational experiences. Now
that the sheck of personal computer
system availability has subsided,

we must develop and implement
programs in the schocls that provide
students with experiences enabling
them to use perscnal computer
systems.

This paper presents a computer
science program for the secondary
school. The program covers both
hardware and software areas.
Course titles, descriptions,
outlines, and suggested references
are included.

TEXT

Today we have available inexpensive
highly reliable computer systems;
personal computer systems. The
impact of -these -systems-has not

been strongly felt yet, but it

will be of ever increasing signif-
icance as these systems become widely
used. Right now we need to utilize
these fantastic little machines in
our educational institutions. They
are not only capable of performing
great amounts of mundane work at a
fraction of the human cost in time
and energy, they are a marvelous
teaching resource, allowing for wide
application in every subject area.
They have enormous potential for
providing students with the oppor-
tunity for creative thinking, problem
solving, and expanding awareness,
also synthesizing knowledge.

It has been several years since
personal computer systems first
appeared upon the scene,students

in some classes have had the oppor-
tunity to develop a basic system.
But what now? Now that we have the
computer system, what do we do with
it? Unless we address ourselves to

A CCMFREHENSIVE COMFUTER SCIENCE FRCGRANM FCR THE SECCONDARY SCHOOL UTILIZING

this guestion, schools will become
even more out of date, and the
comgputer will become an idle piece
of furniture in the same manner as
the coverhead projector, and the tape
recorder.

We must take advantage of the myriad
possibilities comruters offer. We
need o develop and implement a
scheme which will utilize computer
systems in the schools. We need a
computer curriculum that can be
incorporated into the offerings of
any schoodi wits 2 minisum of dis-
ruption, and which will provide
students with the background and
kmowledge needed in this area. The
following courses, several of which
have been implemented, are proposed
to enable the schools tc begin up-
dating and incorporating the computer
into the general curriculum. Com=-
puters are already in the mainstream
of scciety, and should have that
rosition and acueptance in the
schools as well. These ccurses ara

- xtremely-relevant and-are-vitually

needed by today's technologically
extended student. The proposed
curriculum would form a strong,
viable program which would provide
students with the knowledge and
abilities needed at this time, to
function in an increasingly
computer oriented society.

Each of the following courses could
earn the student 1 semester of credit
and have a maximum duration of one
semester. Students might move
through the sequence in a variety of
ways, depending upon their interests
and abilities., However, the first
two courses are prerequisite to all
others. Students may elect to
challenge the contents of a course

by examination, which is oral and
written, and is administered by a
computer science teacher. Successful
challenges would move onto the next
course in the sequence. It would be
at the descretion of the principal
whether to grant credit toward
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Course descriptions are given in
outline form only, space does not
permit any detail.

graduation for successful challenges.

Computer Science I

-

An introduction to the area of
computer science which would
include programming in BASIC,

a study of computers in society,
and an examination of the
characteristics of computers.

Objective: At the termination

of the course each student will
have developed, debugged, and

run 10 programs that utilize the
language BASIC, and the techniques

of structured programming. Students
will also have developed one project

or program on a topic of their own

choosing. All programs and projects
will be presented to the instructor

with a run and a listing of each
program.

Topic sequence:
What are computers?
limitations
advantages
human problems
Communicating with your computer
terminals
cards
other
Programming
structured flowcharts
programming in BASIC
debugging techniques
Developing your own programs
determining if you can do it
limiting the problem
using your resocurces
testing your hunch

final production and publication

Course project,

Selected references:

Albrecht, R., et. al. BASIC.

New York: John Wiley and Sons,
1973.

Hamming, C.L. Computers and
Society. New York: McGraw-Hill
Book Co., 1972.

Kemeny, J. Man and the Computer.
New York: Charles Scribner's
Sons, 1972,

McGowan, C., et. al. Top~-Down

Structured Programm;ng Technigues.

New York: Petrocelli/Charter,
1973.
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Computer Technology I and II

This course presents the student
with the opportunity of studying
the computer and how it functicns,
maintenance, and troubleshooting
techniques. The use of test
equipment and component re-
placement are alsoc covered.

Objective:At the end of this
course each student will be
able tc determine if a system
is functioning properly, if not
to troubleshoot at the block
level using appropriate test
equipment and techniques to
bring the system up once again.
The student will also be able
to identify and replace mal-
functioning components at the
board level.

Topic sequence:
What do computers do and how
do they do itz
Block diagram level of cperation
Electronic circcuits
Component level of operation
Test equipment and it's use
Troubleshooting strategy and
techniques
Comprehensive examinations
written
practical,

References:

Syster manunls for the specific
systems being used

Test equipment manuals

Handouts prepared by instructor

Computer Technology III

This course provides the student
with the opportunity of exploring
the construction of computers

and related equipment. Students
will be encouraged to construct
from kits or components, items

of use in a computer system.

Objective: By the end of the
course each cstudent will have
developed a computer device
(anything related to computing)
and demonstrated its proper
functioning to the instructor
and/or class. The student may
use any resources within the
community.

Topic sequence:
TTL
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Iﬂgegrated circuits
Theory and application of
experlwentatlon

Techniques in electronics

Design considerations in
electronics

Use of design information
(manufacturer's data)

Project,

References:
Articles from issues of:
BYTE, Interface Age,
Personal Computing,
Kilobaud, and Popular
Electronics.

Computer Science IT

A study of the application of
decision tables, modularity,
data structures, sorting, and
simulations.

Objective: Each student will

be able to produce at least cne
computerized simulation by the

end of the course. The topic

or area of the simulation will

be agreed upon by the instructor
and student. A listing, and run
of the simulation will be present-
ed to the instructor as the course
project.

Topic sequence:
Modularity in programmlng
Decision tables~ : - -
Applications of decision tables
Files and their uses
Matrices
Cassettes and discs
Sorting
Developing simulations
what are they?
characteristics of simulations
designing simulations.
programming
implementing
Project.

References:

Flores, I.(ed). Computer Sorting.
Englewood Cliffs, N.J.:
Prentice-~Hall, 1969.

McDaniel, H., (ed). Applications
of Decision Tables. New York:
Bradon/Systems Press, Inc.,
1570.

Maidment, R. and R.H. Bronstein.
Simulation Games. Columbus,
Ohic: Charles E. Merril Pub-
lishing Co., 1973.

Selected articles from: BYTE,
Creative Computing,

WEST COAST COMPUTER FAIRE

Interface Age, Dr. Dobk's
Journal, and Kilobaud.

Computer Applications in Business

A survey of the applications of
computers to the field of
business. Students will develop
applications in any area of
business: marketing, management,
accounting, etc.

The actual content of this course
will vary from student to student.
Specifications of the course
content will be stated upon

a student-teacher contract.

(see Appendix B)

Sample Objective: The student
will develop and run a computer
program that will process

data in the area of accounting.
The program will prcduce a

full inventory, with sales
trends on a month by month basis,
and include an automatic reorder
feature. This project will

be completed and submitted to
the instructor before the
termination of the course.

References: It is suggested that
the student be encouraged to

survey the publications: BYTE,
Interface Age, Creative Computing,
etc. Also contact business persons
in the community for information

~asto what is actually needed.

Computer Applications in Mathematics

This course provides the student
with the opportunity of exploring
computer applications in the area
of mathematics, including: number
theory, geometry, numerical
analysis, and statistics.

Again, the actual content of this
course will vary from student tc
student. A student-~teacher
contract will explicitly state
what is to be accomplished.

Sample Objective: The student

will develop and produce a
computerized study of the residues
in mod 7 systems. The developed
materials will be presented to the
instructor at the end of the course,

References: Mathematics texts,
and programming manuals. Again
the student should be encouraged

to review the periodical
BOX 1579, PALO ALTO CA 94302
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Computer Applications in Natural
Science

This course covers applications of

~

computer technolcgy to the areas of
physics, chemistry, bioclogy, eart
sciences, astronomy, biomedicine,
etc. v

The actual content of this course
is determined by student-teacher
centract. (Appendix B}

Sample Objective:
produce a computer simulation in
chemistry, specifically dealing
with the determination of safe
combinations of elements. The
student will present to the

- instructor by the end of the
course, all materials developed
and tested, with a run and list-
ing of each program.

Sample Objective: The student
will produce a simulation in the
area of physics that demonstrates
the behavior of projectiles in any
atmosphere (Earth, Mars, Pluto,
etc.). The student will present
the simulation to the instructor
with a run and listing before

the end of the course.

References: The references again
will vary with the topic and the
student. Standard texts in the
subject areas, programming texts,
and periodicals should be used

as references.

This course provides the student
with the opportunity of exploring
applications in the social sciences
including: psychology, history,
economics, anthropology, sociology,
and political science,

The content of this course will
be determined by the student and
teacher through the use of a
contract, (Appendix B)

Sample Objective: In the area
of political science the student
will develop a computerized
voting preference projection for
a local election. The finished
program should have been tried
in an actual election situation.
The materials, run and listing,
with results of application, will
be presented to the instructor

The student will

at the end of the course, .

Sample Objective: 1In the area of
economics, the student will groduce
a computerized stock market analysis
that wil? i:-~lude: h'ghs, and lows
<2r the year, and projections,
based upcn passed performance.

The student will submit to the
instructor a run and listing of

the material developed durinc the
course. This material must be
subnitted before the end of class.

References: The materials needed
tc produce computer applications
in this area or areas will vary.
It is suggested that the student
survey the regular texts, and
periodicals in the area cf his/her
study.

Independent Study in Computer

Applications

Computer Applications in Social Science
Science

219

This course will allow the student
the opportunity of exploring
appiications in the areas of:
music, art, dance, literature,
couns~l'ng, ctc. Areas not
covered in any other ccurse in

the field of computer science.

Tne content of this course is
so variable that contracts
between student and teacher
are needed., (Appendix B)

Sample Objective: The student

will develop a computer pregram
that will generate poetry, in

the proper meter. The program

will be presented to the instructor
this includes a run and listing.

Sample Objective: The student
will produce a computer generated
musical composition, and play

the composition for the instructor.
This will be accomplished befcre
the end of the course. A run

and listing of the program must
also be presented to the teacher.

References: 1In addition to the
periocdicals mentioned earlier,
all available books, and persons
familiar with the area of study
should be used as references.

Note: Additional ideas and
objectives can be found in
Zeddies pages £1-67.
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Computer Science III

This course provides the student
with the opportunity of studying
assembly language, and machine
coding.

Objective: The student will be
able to produce at least five
programs in any area, in assembly
and/or machine code. The student
will also develop an approved
project and present it to the
instructor with appropriate
verification of correctness and
execution.

Topic sequence:
Assembly language
composition
usage
applications
Machine coding
composition
usuage
aprlications
Programming in assembly
language
Programming in machine
code
Project,

References:

Appropriate manuals from
manufacturers of cpu chip.
Instructor developed hand-
outs.

-~ “Independent SEudy in Computer ~~ T
Languages

The course allows the student tec
study computer languages such as:
FORTRAN, etc.

The content of this course will
have to be defined through the
student-teacher contracte.
(Appendix B)

Sample Objective: The student
will develop, run and debug

10 programs. The student will
present to the instructor a
listing and run for each of the
10 programs. All programs are
to be written in FORTRAN.

References: The references

needed in this course will
vary and therefore need

to be stated on the contract.
Include texts, and periodical
articles.

Independent Exploraticns in
Computer Science

This course allcws the student
to explore the areas of trees,
searching, compiler writing,
and other advanced topics of
interest to the student.

Again the contents of this
course will vary with the
student. A contract should
be used tc explicitly state
the material to be covered.
(Appendix B)

Sample Objective: The stuii:n!
will develop an interpretor
that will function within the
limits of the available systen.
The completed project must be
demonstrated for the instructor,
and a written listing submitted
at the time of demonstraticn.

References: References will
vary dependinc upon the topic

of study, however the periodicals

should be surveyed and it is

suggested that you consider:

Aho, A.V., et. al. The Design
and Analysis of Computer
Algorithms. Reading, MA:
Addison-Wesley Publishing
Co., 1976,

Gries, D. Compiler Construction
for Digital Computers. New
York: John Wiley and Sons,

Knuth, D.E.

Fundamental Algorithms.

vol 1 of THE ART OF COMFUTER
PROGRAMMING. Reading, MA:

Addison-Wesley Publishing,
1973.

The proposed courses are not to be
traditional in nature. 'They are
quite individualized and are prob-
ably best incorporated into the
present curriculum in a multi-
level configuration in which a
classroom of students will be made
up of several smaller groups of
students, with each group pursuing
a different course of study. This
form of instruction allows a great
deal of learning to occur between
students, and enables the teacher to
assume the role of a consultant,
rather than the fountain of all
knowledge. This also allows the
students tc observe the teacher
in action as a learning being,
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similar to the situations that

would be found in a university or
research center. In keeping with
this format of organization, the
teacher might want to consider the
following: students are divided into
groups of approximately 10, with

each group having some beginning
students, some advanced and som
intermediate students working on
projects of varying sophistication.
The function of the groups is two
fold: First to provide working

groups with the opportunity to

expand each student's understanding
of the computer science area, and.
second, to allow groups to meet in
seminars where students can report

to the group concerning their past
two weeks work, their problems, and
their accomplishments. In these
seminars much information is present-
ed and helpful suggestions are freely
offered, the teacher also participates
but does not dominate.

The amount of equipment needed to
implement this program would be
minimal and could even be phased
in over a period of two years. It
is suggested that a minimum con-
figuration for the entire program
would include the following items.
1. A multi-user system for 4-6
terminals and at least BASIC, with
discs, and cassette I/Os.
2. A small system one user for
assembly and machine coding courses.
This system could also have a
compiler/interpretor for wider
use,
3. A system with the capability of
several languages. To be used in
the more advanced courses and for
heuristic explorations.
It should be possible for all
the systems to be configured for
use as a computer network when
this would be desired.
4. A reference library that
would contain books and materials
covering:
computers in society
computer security
computer hardware design
manfacturer's data on CPUs
and ICs
structured programming
algorithms
computer applications in
various disciplines
compiler construction
system development
data handling,

!
¢ WEST COAST COMPUTER FAIRE

Alsc students would be in need of
materials covering:
numerical analysis
simulation construction
Boolean algebra.

In addition to the above, subscriptions
to the following periodicals should

be maintained: Byte, Kilobaud,

Creative Computing, People's Computer,
Dr. Dobb's Journal, Ferscnal Computing,
and Popular Electronics.

A diagram of the course segqguence
is' included in Appendix A. This
diagram should clarify the sequence
cf courses as suggested in this
paper.

CONCLUSICHN

The computer science curriculum
proposed in this paper is but one
possible configuration. This
configuration presents the student
with the opportunity of pursuing
studies in the area of computer
science at a depth beyond what many
educators would believe possible.
However, the work being done in the .
field of computer science at this
time is basically the work of young
people, and onemust not forget that
young students are less hampered

by the cultural inhibitions which
limit and stultify older generations.
The experiences of the author have
convinced him that the proposed
curriculum is not only possible, it is
& necessary change.

The school system is guilty of severly
limiting it's students, of failing to
adequately prepare them with the kinds
of knowledge and experiences needed

in the face of the present day tech-
nology. We must do a better job of
meeting the challenges presented by an
ever expanding technclogy. We must
utilize all the resources available
and provide our students with the kind
of educational opportunities so vital
to them in this day and age.
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AFPENDIX B
CCMPUTER SCIENCE CONTRACT
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Contract Approved by:

APPENDIX A

Stude