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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 time than 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 ta 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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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, 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 Smalltalk

A Personal 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

WEST COAST COMPUTER FAIRE BOX 1579, PALO ALTO CA 94302




"SIGNIFICANT PERSONAL COMPUTING EVENTS FOR 1978"

Adam Osborne,
OSBORNE & ASSOCIATES, INC., 630 Bancroft Way, Berkeley, CA

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 cf the 8048 that need to 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-

President
94710

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 Am951]1 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/0 devicdes, 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 2Zilog 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.
year of the 16-bit microprocessor -
with the announcement and delivery of
Intel 8086's, Zilog Z8000's, and sub-
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Specifically, 1978 will be the

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 plague
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. I
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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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 applicatioms
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,

BOX 1579, PALO ALTO CA 94302




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 applications,
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
speclalization will certainly limit their
mobility.

Although lower-cost computers will mean
more 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 ordinary 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

Government 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
entertaimment. 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 klingonms.

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 TG 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 develop 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, uhlike 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 (I/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 (ALU) 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
1/0 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
Tanguages, 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 TO 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 glven us computers
more than 100 years ago if he had only
known more about 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-

Glass, & 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. 4nd if
you're like me, one day you decided
it is convenlent to have computers
that know whether there are sests 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 18 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 it is to belleve,
there was a man back in the early nine-
teenth century who invented all the
principles of computers. Hls name was
Charles Babbage, and he got a lot of
help in interpreting his ideas from the
Counteas 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
was born, and she never saw her father,
but he did write her letters sand 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:

"iTis pity learned virgins ever wed

With persons of no sort of education

For Gentlemen although wellborn and
bred _

Grow tired of scientific conversation.

I don't choose to say much upon this
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 wsre 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 1it.

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. 1In his day, sallors 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 sallors
was 80 bad that the captain of one
shlp, who got it as a gift and didn't
realize it was more vaulable for its
beautiful bindag than its accuracy,
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was never heard from agailn,

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 instead of multiplying three times
five to find out how much three
pounds of meat would cost, you could
look at a8 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: thils
was the way most mathematlcal tables
were constructed at the time. What
was new was the idea of having a
machine do 1t, and the 1dea that a
machine could be constructed so 1t
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,
8o the machine would stop and ring a
bell if the attendant gave 1t the

wrong card. The engine printed out
the answers 1tself to eliminate the
posaibility of mistakes in typeset-
ting. He then went on to design a
more sophisticated 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 build 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 ln his charge,
for he alone will be able to fully
apprecliate the nature of my efforts
and the value of thelir results.,”
When Aiken came across these lines,
he saild he felt like 1t 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, electricity 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 coll 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, hls 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 his chlef 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 jJust emough
people who appreciated his genius that
vhen he died in 1871, the Royal College
of Surgeons of England preserved his
brain, which is still there today.

But the surgeons who examlined it to
see 1f brain looked different from
anybody else's couldn't find anything
especlally remarkable about it.

After Babbage and the examination
of his brain, computers faded from
the scene for awhile. There were Jjust
& number of minor steps that all had
to be taken before the first modern
computers could be bullt 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 sophlisticated thinge like add
204 and 311, Both of his englnes--
which were never completed--were to
do this using the decimal system in
the same sort of way that the odometer

ures reached 10, it was to automatical-
ly cause the wheel of flgures 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 1in Alice Through the
Looking Glass. You remember when she
asked ilfce, "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 thelr minds to it., But if I
stood 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 it.
Or they subtrac?‘one’ two or three hun-
dred or thousand times. And if you
think about it, multiplication is
8imply a matier 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-
ly 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 electrlicity, you can do some in-
credible things with computers,

The reason we use 10 as a base is
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 digits like the
early machines., They Just have elec-
trical switches. They're either on
or off. They elither 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. Thls glves
you & 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 aystem.

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

Binary Decimal

1

10
11
100
101
110
111
1000

(2140)
(214+1)
(22+0+0)
(22+Qr1)
(22+2%0)
(224+214+0)
(23+0+0+0)

Q=3 VN £ D =

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
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 diglts, 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 atill 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 loglc than algebra. He
also was one of the first people who
argued that loglic should be a branch
of mathematics, 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 logilc
vwhere you have those little puzzles
that look as 1f 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 statemente
into sets of ones and zeros and let
“he computer use the rules of Boolean

lgebra to make 1ts own decisions about

aat to do next. This 18 the sort of
logic that should tell the computer it
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 ie to take a
puzzle lilke thls one from Litton Indus-
tries, If you can figure this out and
think it's fun, you'd probably make a x
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., 1Is this conclusion valild?"

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

Another name you hear a lot is& 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, 1t 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 in 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
didn't say he already knew the answers,
then announced the fifth answer. Von
Neumann apparently was quite perturbed
that someone could figure out a better
solution to the problem than he could
until ‘hey told him what was going on.

The early computers worked on
vacuunm 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 going to
burn out., The ENIAC, which was the
first totally dlectronic computer, had
17,000 vacuum tubes. And it wasn't long
before computers were getting so big
that if you made them any blgger, it
would take 24 hours a 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 possible
to destroy a transistor by dropping it
or by running too much current through
it, but you really have to work at 1it,

This solved a lot of problems, but
it basically got computers down from
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the entire UNIVAC computer, which was

the slze of a small house to about
the slze of a smal living room. You
could, by the late 19508, use tran-
sistors to make radios 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 sclentists
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, 18 generally credited
with being one of the co-dlacoverers
of it. What the integrated circuit
means 1s that you can put the entire
electronic circuit on a single plece
of materlsal, usually silicen.

These are 80 minute that i1t's hard to
belileve., This is a silicon chilp.
What's even more amazing 1a 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
amall as the chip. But these gold
lines eventually connect with Bitle
hairllke 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 size the integrated cir-
cuit has meant, it's possible to put

the first commercial computer, on one
of these.

If your family was one of the first
in the neighborhood to have a tele-
vision, you may remember the UNIVAC
which was a guest of sorts of "People
Are Funny." It 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 1s now in the Smithsonian
Institution, and it'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 materlial 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 which 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 batlk printing, you first draw
the design on a piece 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 1s
finished.

To make a sillcon chip you do al«?
most the same thing except that lay-
ers of silicon oxide take the place
of the wax and tiny lines of metal
form the picture. The lines are so
small and so thin that they are put
on the chip through a photographlc
process in much the same way that
shining a light through a negative
produces a plcture on a sheet of
photographic paper. 1In this case, the

negative is called a photomask,
To make a photomask, you need a

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

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

Each chip needs eight 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 worklng 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-
i1cate process. People who make chips
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 purification plants,

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

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

But theycan't do it all by themselves
yet. When the whole thing.is finished,
that's when they call in the humans.
The humans look through a microscope
to check all of the circuitry on the
tiny chips. The people at Monolithic
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 80 many different structures and
so many differences in the slze and
the color of the lines that are
still acceptable that there's no way
to program a computer to remember
them all.

There's still not a computer that
can remember as much a8 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:

I Introduction

Computers are now within everyone's reach!
Whether you are a housewife, small businessman,
student, professional, musician, or in real es-
tate -- computers are being made and sold at
prices you can afford, and they will set you
free in ways you never dreamed of! A personal
computer will open possibilities; it will al-
most certainly change your lifestyle.

Most people, when they visualize a computes
they think of monstrous machines that towsr over
us, seeing all and doing all. 1It's really not
that way. Everybody has been communicating with
a computer in one way or another most of their
adult lives and not really known it. For ex-
ample, all your tax returns are processed by a
computer, most amjor department stores handle
their buying, stocking, and billing by computer.
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. UWhy!!!

Take a city the size of San Jose for inst-
ance. Just think of the tremendous amount of
[ “manpower it would take to tfy and post &1l thg
checks that were written in one day, or the
amount of phone calls to be logged in one day.
Handling that amount of information — having
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
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
questions about them, what makes them up, and
what you can do with one.

II Buzz Words

As you know, all types of industries have
their own language that they use. We as a group
and a new up-coming industry, are no exception.
As you scan down the second page of the handout
I have given you, there is a short list of these
buzz words, and a simple explanation of each.

A

Beginners Ali-purpose Symbol Instruc-
a mode of language that you will

BASIC:
tional Code:
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use for communication bstween you and your com-
puter.,

Bit: The smallest unit of measure in a computer
word; several bits make up a byte, or computer
word.

Bug: The cause of a malfunction, usually in a
program. They're called "bugs" because they can
be hard to find.

Byte: The space which a letter or digit (one
character) takes up in a computer. Space in a
computer is measured in bytes. A megabyte is a
million bytes.

Computer: A machine for handling repetitive in-
formation. Basically it can calculate, comparse,
alter, send and receive information very rapidly

Cors: See memory.

CRT: screen", showing you
is your computer's way
also something refer-

or terminal.

CRT: Your computer's "TV
what's IN therse. The CRT
of talking to you. It is
red to as a display unit,

Data: The information that gets WORKED QVER,
when "your program runs. " Data is-all the in=
formation you have your computer use, everything
that is sent into your computer to store and
retrieve.

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

Displays

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

Same as CRT.

Fortrans

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

Hard Disk: Much like a floppy, a hard disk
stores a tremendous amount of information, but
its platter is much larger and not so portabla.

Input: The information that goes IN to your
computer system. The computer's "food".

Another type of computer language.

Interface: A connector that "translates" be-
tween two parts of a system. You generally need
one interface for each peripheral, tc hodk it to B
your computsr. -
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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

Accounting and billing

Invoicing

Sorting

Receipts

Taxes

Addressing

Budgets

Forecasting

Reducing the physical
SIZE of FILES (custo-
mer files, corres-
pondence, product
files, etc.) - No
more file cabinets!!!

Playing games

Enginesring design-aid

Cashflouws

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

Filling out checks

Playing the stock market

FILING

Remembering all trans-
actions

Making and keeping card
catalogs

"Simulating" results of
one decision versus
another, so you can
see their effects

Recordkeeping

Inventory management

Routine correspondence
and form letters

Filling out forms

Calculation of all
kinds

Receiving and placing
phone calls

MATCHING any informa-
tion with any other
information

Polls and surveys

Indexing

Cataloging

Solving problems

Printing out results

Maintaining LISTS,
especially:
MAILING LISTS
SHOPPING LISTS
ITEMIZATIONS
STOCKLISTS
PACKING LISTS

Sales analysis

Travel and route
planning

Scheduling

Ticketing

Distribution

Editing

Lists — Computers are lovely at working with

lists.

The nice thing is that you can change
anything in the list -- even one letter "B" for
example -- without affecting the rest.
like a stored-away blackboard. As items become
obsolete -- the way they' -

It's

re always doing in'a

shopping list, say -- you just tell your com-

puter to "drop" them from the list.
YOU DON'T HAVE TO KEEP

puter does the rest:

Your com~

WRITING THE LIST OVER 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 beforse.

Improvement — If yousre in mail-order, small
business, or an office profession, a "micro"
computer is for YOU! It can keep your meiling
lists and print address labels at a rate of four

WEST COAST COMPUTER FAIRE

~well:

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 changs
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 now!

Your computer keeps inventoriss.

It does accounting and billing of all types

It does order entry (live).

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

For exampls, it can help in health care by
keeping track of each patisnt'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 shown 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 OON'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 changs 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. O0OUT will
come a stack of letters, individualized and

ready to mail!l Because of the "add-on™ equip=" "

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

Expangion — You're about to ses what new types
of business are possible with a computer running
in your ouwn home! These are all high-profit,
high-gervice businesses -~ yet they take little
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 worksr and boss. So why be
either? GET A COMPUTER.

Here are some new businesses which one per~
son alone can sst 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 like this: psople call
to say they went this or have that, and you tell
'em who has or wents it. You do this by signal-
ing your computer what's wented. In a feu

SPACE or TIME.
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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, as 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 does 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 _agencies 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 monesy, they give you
"dus 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 who wants his
house painted. Your COMPUTER completes the cir-
cle: 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 each 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 toc
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rent some. Again, YOU DON'T HAVE TO STOCK ANY-
THING. Furniture, housegoods, and even cars can
bes 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.

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

Clothing Clsaringhouss ~ 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 pennigs 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 together
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
payroll, mailings, correspondence, taxes and in=-
ventory are top candidates. You can do for

others, anything-we've named so far.

Answering Service - fully automated. UWe
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
remember 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.

--—-0ther new businesses possible with your
computers:
"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, stc. It can be uging 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 secretary". Make you feel like
the President, as it keeps track of notes, dates,
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..Ie away, to SOUND like a fero ious dog roaring

reminders, appointments... It will alert you at
the right time give you a message that
"schocl'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 that
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'll do
the rest.

Now you'll even be able to SPEAK your com-
mands te 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 someone's
around. (You wouldn't have to talk to them,
they'd know you were there by your temperaturs.)

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. 1It'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 wired 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 review it anytime you want. DOnly
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 commonest 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. You
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

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
sverything. 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 subjact. 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. Ses?

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-
cation. 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 newest 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 Forcs.

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 committee
work, reporting, calculations, issuing ads and
announcements, doing memos, and keeping the
minutes.

These can all be INDEXED to let you finmd
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

BOX 1579, PALO ALTO CA 94302




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 teachser you could use it as a TUTORIAL
ARID 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!

Meanwhile, the little computer can help
with HOMEWORK. And it can feature in all sorts
of projects and reports, ones that get 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

Where do you go from here? UWell, 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

dor. een ot T —

Make use of your local computer store! The
owners 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
fisld.

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
c/o Warren Dunning
5939 Woodbine Ave.
Philadelphia, PA 19131
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Reprinted from People’s Computers
1263 E1 Camino Real
Menio Park, CA 94026

MICROCOMPUTER
=" COMMUNICATION

WEST COAST COMPUTER FAIRE

By Tim Scully

for the

HANDICAPPED

This article is more technical than many
published in People’s Computers, but 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.

1 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 1 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 “rotated: -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 [ 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 TI1, 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.
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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, LAND.IEAST, IEAVE.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:

L025:1012...9#8%& () *+—

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 alphabet:are 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 2 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

t 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 1 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.

Figure 1

As a computer powers down, it cam
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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Figure 3

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 ccmments, 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
doesn’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

WEST COAST COMPUTER FAIRE

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)
0BH=send cursor home without erasing
screen
18H = erase current line

The starting address for the memory area
mapped by the video display is F8OOH.
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 VI6 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=1

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.

WEST COAST COMPUTER FAIRE

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

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 tumn
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 instru- .-

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
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‘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 slow 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 display, it would 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 support, and
Robin, her family and tutors all helped
by contributing ideas and suggestions.

T St

McNeil Island December 1977
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The following subroutine erases to top two lines of the video display without disturbing
the message displayed on the bottom 14 lines. It ends with the cursor at ‘home’.

2064 3E08B NEW MVI A, OBH
2085 CcD240C CALL WH1

2069 3E18 MVI A, 18H

2068 CD240C CALL WH1

206E 3EQD MVI A, 0DH
2070 CD240C CALL WH1

2073 3E18 MVI A,18H

2075 CD240C CALL WH1

2078 3E08 MVI A,0BH
207A CD240C CALL WH1

207D co RET

send cursor home
erase current line
go to next line

erase it too

send cursor back hémo

MAJOR SUBROUTINES: SMENU AND MENU

SMENU and MENU, which follow, are the major subroutines for displaying items on the
menu (the top line of the video display). MENU is entered with fiags in DE and a starting
address in HL. The flags tell MENU to display groups, subgroups, words or individual
characters. The starting address tells MENU where to find the first item to display. An exit
from MENU is accomplished when an item Is selected by use of the kmmwltch Upon exit
from MENU, the starting address of the chosen item will be in CI.

The next four locations store the timing constants for two time delays: T1 and T2. T1 is
the time each item on the menu is displayed and T2 is the minimum time the kneeswitch
has to be closed before it is considered intentional (so that accidental twitches will be
ignored).

20B1 5050
2083 6060

DW 5050H
DW 5050H

T1 time constant
T2 time constant

SUBROUTINE: SWITCH

The subroutine SWITCH looks for a switch closure for time T1 and then returns with zero
in D if the switch was never closed. If the switch closes, but not for at least T2, the routine
just starts over, extending T1. If the switch closes for at least T2, then after the switch is re-
leased, it returns with one in D.
2085 1600 SWITCH
2087 ES

2088 2AB120

2088 ES

20BC Ct

20BD E1

MVID,0
PUSH H
LHLD T1
PUSH H
POP B
POPH

set up ‘never closed flag’
fetch time constant

putitin BC

207E 11FBO1

2081
2084

. 2087

208A
2088
208E
208F
2080
2092
2096
2096
2007
209A
2098
209D
20AC
20A1
20A2
20A3
20A4
20A7
20A8
20A9
20AB
20AE

CD6220
CD6420
22840C
7E
CD240C
<]

7€

E680
CABA20
AF

BA
C26421
14

3E2D
CD240C
28

P

7E

88
DAA120
2B

7E

E680
CAA720
C38A20

SMENU
MENU
ITEM

DISPY

SEARCH

BACKUP

LXi D,01FBH
CALL ENTER
CALL NEW
SHLD ClI
MOV AM
CALL WH1
INXH

MOV A M
ANI 80H

JZ DISPY
XRA A
CMPD
JNZWORD
INRD

MVI A, '~
CALLWH1
DCX H

INX H

MOV AM
CMPE

JC SEARCH
DCX H
MOV AM
ANI 80H

JZ BACKUP
JMP DISPY

set flags for spelling

save address & flags

erase menu :

save current item address
fetch character from memory
and display it

next

check for msb=1

if not, keep printing

are we finished with. group or

are we printing with' words or letters?
if s0, go on with words or end
otherwise, set flag

print '~’

and look for end of broup or
subgroup

by checking for a ﬂag like E
keep looking until found
then backup

and print it

20BE
20C0
20C2
20C6
20C8
20CB
20CE
20D1
2002
2006
2008
2009
20DA
20D8B
20DE
20DF
20€E0
20€1
20E4
20E7
20E8
20EB
20EC
20EF
20F1
20F3
20F6
20F7
20F9
20FB
20FC

DB80 IN
E680
CADA20
22800C
2A900C
22900C
2A900C
oD
C28E20
05
C2BE20

CLOSED

IN 80H

ANI 80H

JZ CLOSED
SHLD 0C90H
LHLD 0C90H
SHLD OC90H
LHLD 0C90H
DCRC

JNZ IN

DCR B
JNZIN

RET

PUSH H
LHLD T2
PUSH H
POPB

POP H

SHLD 0C90H
LHLD OC90H
DCRC

JNZ WAIT
DCRB
JNZWAIT

IN 80H

ANI 80H
JNZ SWITCH
INRD

IN 80H

ANI 80H
RNz

JMP UP

look at switch
it’s only one bit

waste time
to make timing loop longer

check switch every time

keep timing
time up, no contact

fetch time constant
put itin BC

waste time

keep timing

time up?

check switch

it's only one bit, the msb
start over if not still closed
set flag for contact

check switch again

wait until it is released
meanwhile looping
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SUBROUTINE: MESSAGE

The subroutine MESSAGE is used to display a number of short messages on the menu.
Message is entored with an address in HL equal to one less than the starting address of
the message to be displayed. It will display the message found, up to and including a termi-
nating ‘?’. Upon exit from message, the zero flag in the PSW will be one if the offered item
was chosen and zero if it was not chosen.

20FF 000000 MESSAGE NOP NOP NOP
2102 CD6420 CALL NEW
2106 23 INX H

2106 7E MOV AM
2107 CD240C CALL WH1 print

210A FE3F CP1 ‘? check for end of message
210C C20621 JNZ MESSAGE +6
210F 2A820C LHLD CM

2112 220E0C SHLD POS

21156 CDBb620 CALL SWITCH
2118 3EO1 MVIA,1

211A BA CMPD

2118 co RET

| deleted something here
erase menu

restore POS

SUBROUTINE: COMP

The subroutine COMP is used by MENU to check the switch.
211C CDB520 COMP CALL SWITCH
211F 3E01 MVIAA

2121 BA CMPD

2122 C22C21 JNZ NEXT
2126 2A820C LHLD CM
2128 220€E0C SHLD POS
2128 c9

if no contact, offer next choice

restore main text POS

MORE ROUTINES USED BY MENU

The following chain of routines are used by MENU to find and display the next item,
check for the last item in a list, offer ESCAPE? and recycle to the beginning of the list if
nothing is chosen. The details of these operations vary depending on what items are being
offered: groups, subgroups, words or characters.
212C EB NEXT XCHG

212D 2A860C LHLD FLAGS
2130 EB XCHG

2131 78 MOV AE
2132 FEFD CPI FDH
2134 D24121 JNC CHECK
2137 2A840C LHLD Ci
213A 23 INXH

2138 7E MOV AM
213C E680 ANI 80H
213E CA3A21 JZ FIN

save current address
while restoring flags

are we displaying groups or subs?
if so, check for end
skip current word or letter

and keep skipping until the
start of the next, then check

1c

7€

BB
D26721
10
FEFB
DAB420
78
FEFD
DASB721
23
C38420
CD8221
2A860C
EB
2A800C
Cc38420

CHECK

SUBROUTINE: WORD

INRE

MOV AM
CMP E

JNC LAST
DCRE

CPi FBH
JCITEM
MOV A,D
CPI FD

JC LAST
INXH

JMP ITEM
CALL ESCAPE
LHLD FLAGS
XCHG

LHLD CS
JMP ITEM

the last item will be followed
by aflag=to E+ 1

restore flag in E
if no control code found,
keep displaying

skip control code

if last item was displayed, offer
escape and then loop back

and start displaying over again

WORD, The next subroutine, is used by MENU. If groups or subgroups are being offered, it
is entered only after the complete offering has been printed and it jumps to COMP to check
the switch. But if individual words or characters are being offered, WORD keeps printing
words or characters across the menu space, with two spaces between each, until the end of
the subgroup or until the end of the line.
2164 78 WORD MOV A E
2165 FEFD CPI FDH
2167 D21C21 JNC COMP
216A 3A0EOC LDA POS
216D FE3C CPI 3CH
216F D21C21 JNC COMP
2172 7E MOV A, M
2173 §:1:] CMP E
2174 D21C21 JNC COMP
2177 3E20 MVI A,
2179 CD240C CALL WH1
217C CD240C CALL WH1
217F C38A20 JMP DISPY

check flag

and split if groups or subs

check position in menu

if we are near the end of the line,
stop printing & split or if we are
at the end of the subgroup, split

otherwise,
print two spaces

and add more to menu

SUBROUTINE: ESCAPE

The subroutine ESCAPE offers a return to the SPELLING mode and is used often.
2182 Cc5 ESCAPE PUSH B

2183 214F22 LXt H, ESC-1
2186 CDFF20 CALL MESSAGE
2189 c1 POP B

218A co ‘ RNZ

2188 E1 ‘ POP H

218C JMP REENTRY

set up for message

return if no escape
clean up stack

C30C20 and reenter SPELLING?
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SUBROUTINES USED BY SPELLING MODE

The SPELLING mode uses this chain of subroutines. The first alphabet offered is different
from the other 26, and the routine doesn’t backspace before printing' the first letter, so
there is one routine for the first letter and another for all the others. ESCAPE? is offered
after each letter is printed and before a new alphabet is offered. A look-up table is used to
pick the right alphabet to offer after the first letter has been printed.

218F
2192
2195
2198
21¢B
219E
219F
21A0
21A3
21A4
21A5
21A6
21A9
21AA
21AB
21AC
21AD
21AE
2181
21B4
2187
21BA
21BD
21BE
21C1
21C2
21C4
21C7
21C8
21CB
21CE
21CF
2102

211523
cbB721
CD5720
cD8221
21C722
78

BE
CAA921
23

23

23
C39F21
23

5E

23

56

EB
CcDC821
CDBA21
C39821
CD7€E20
2A840C
7E
CcD240C
47

3E20
CD240C
co
CD7€20
2A0EOC
28
220E0C
co

SPELL

TALE

LOOK

SECOND
SECONDS

SUBROUTINE: PUNCT

LXI H, ASTART
CALL FIRST
CALL SENTER
CALL ESCAPE
LX1 H, STAB
MOV A, B
CMP M

JZ FOUND
INX H

INX H

INX H

JMP LOOK
INX H

MOV E, M
INX H

MOV D, M
XCHG

CALL SECOND
CALL OOP
JMP TALE
CALL SMENU
LHLD C!

MOV A, M
CALL WH1
MOV B, A
MVIA,**
CALL WH1
RET

CALL SMENU
LHLD POS
DCX H

SHLD POS
RET

address of initial alphabet
print first letter

to restore POS

offer escape

start of look-up table
fetch last letter printed
and look for it in thble

each table entry
is three bytes

keep looking, you"II find it
when you find it,
get address from table

and putitin HL

offer new alphabet

print the chosen letter

and loop back to do it again
offer alphabet |

fetch chosen item’s address

and print it :
save it for look-up:later

and print a space

offer alphabet

get ready to backspace
and ’

do it

The subroutine PUNCT handles offering the control codes (by calling ahother subroutine)
and it offers the punctuation symbols. It uses one of the spelling subroutines to handle
punctuation.

2103
2106
2109
21DC
21DF
21E2
21ES
21E8

216822

CDFF20
CAEB21
21AC22
cDCB21
cDBA21
C34C20
000000

PUNCT

LXI H, CONTROLM-1
CALL MESSAGE offer CONTROL?

JZ CONTROL
LXt H, PSTART
CALL SECOND
CALL oopP
JMP ELOP

NOP NOP NOP

starting address of punctuation
offer them !

print the chosen one

go back to offer SPELLING?

| took out something here

SUBROUTINE: CONTROL

CONTROL offers and executes the control commands.
CONTROL LXI H, BACKSPACE?-1

21EB
21EE
21F1
21F4
21F7
21FA
21FD
2200
2203
2206
2207
2208
220A
2208
220E
220F
2212
2215
2218
2218
221D
2220
2223
2226
2229
222C
222E
2231
2234
2237
223A
223D
224D
2242
2245
2246
2247
2248
2249
224C
224F

In the listing below | haven’t typed the hex equivalents for the ASCII (this listing was

217322
CDFF20
C2FA21
cbcB21
C30820
217D22
CDFF20
C21222
2A0EOC

218D22
CDFF20
C22322
3E20
CD240C
C34C20
219422
CDFF20
C23122
3EOD
C31D22
219E22
CDFF20
CA0020
CcD8221
C3EB21
36A0
C30722
00

00

00

00
2181F8
220E0C
c9

hand-assembled).

2260
2257
2260
226C
2274
227E
228E
2295
229F
22AC
22C6

FB

PATCH

CALL MESSAGE
JNZ TWO

CALL SECONDS backspace
JMP ENTERL
LXI H, ERASE LAST WORD?-1
CALL MESSAGE
JNZ THREE
LHLD POS

DCR L

DCRL

MVIA, ‘"

CMP M
JNZRUB

INX H

JMP ENTERL
LX! H, SPACE-1
CALL MESSAGE
JNZ FOUR
MVIA,“*

CALL WH1

JMP ELOP

LX1 H, NEXT LINE?-1
CALL MESSAGE

JNZ FIVE

MVI A, ODH

JMP END

LXI H, ERASE SCREEN?-1
CALL MESSAGE
JZ START
CALL ESCAPE
JMP CONTROL
MVI M, AOH
JMP MORE

NOP

NOP

NOP

NOP

LXI H, F881H
SHLD POS

RET

offer backspace

back up
back up

leave the space

start all over

ESCAPE?

SPELLING?
PUNCTUATION?
CONTROL?

BACKSPACE?

ERASE LAST WORD?
SPACE?

NEXT LINE?

ERASE SCREEN?
L'?::10123456789#% “ % & ()*+-
DB FBH end flag

back to offer SPELLING?

have we reached a space?

and go offer SPELLING?

back to offer SPELLING?

put blank on screen

initialize text address
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ALPHABET LOOK-UP TABLE 240B FB DB FBH

240C AEOQUWJ
Here is the look-up table for the various alphabets, in non-standard form. 2412 FB DB FBH
22C7 C13023 A 2330H 2413 EISANLYOGFWTURDPMKBJCHV
22CA C24823 B 234BH 242A FB DB FBH
22CD C36323 C 2363H 2428 EIALYODTSUFRMVWKPCBGNHJZXQ
22D0 CA7723 D 2377H 2445 FB DB FBH
22D3 C59123 E 2391H 2446 EAOIPMUYSBLFNTHCDRWGJKVCZ
22D6 C6AC23 F 23ACH 245F FB DB FBH
22D9 C7C223 G 23C2H 2460 DTEGSCIAOYNLFVUKMJRQPHWXBZ
22DC C8DA23 H 23DAH 247A FB DB FBH
22DF C9F123 1 23F1H 2478 NFRUMPLTOWSDCVIBEYAKHJGXZQ
22E2 CAO0C24 J 240CH 2495 FB DB FBH
22E5 CB1324 K 2413H 2496 ROAELTSPIHMUYWFGKBNDCJ
22E8 CC2B24 L 242BH 24AC FB DB FBH
22EB CD4624 M 2446H 24AD uIo
22EE CE6024 N 2460H 2480 FB DB FBH
22F1 CF7B24 O 247BH 2481 EIOATSYDMNURCLVKGPWBFHXQJZ
22F4 D09624 P 2496H 24CB FB DB FBH
22F7 D1AD24 Q 24ADH 24CC TEIOSHUCAPYKMWNLGQFBDRVJZ
22FA D2B124 R 24B1H 24E5 FB DB FBH
22FD D3CC24 S 24CCH 24E6 HEIOARSTUY LWCFMNBPDZGKVJQ
2300 D4EG24 T 24E6H 24FF FB DB FBH
2303 D50025 U 2500H 2500 TSNRLCGPAEMDIFBOYZXUVKQJH
2306 D61A25 V 251AH 2519 FB DB FBH
2309 D72825 W 2528H 251A EIAOYUSRVZKGM
230C D83F25 X 253FH 2527 FB DB FBH
230F D96725 Y 2567H 2528 EAHIONRSLTDYKUPFBCMZWG
2312 DA7025 Z 2570H 253E FB DB FBH
253F EPTICAHUYOQLNWFSVGBKMRD
2556 FB DB FBH
2557 EOSAITPMBLNWCRGDZHUFVXIK
256F FB DB FBH
THE ALPHABETS 2570 EAZOYIUKTVWHJB
And here are the alphabets, once again without the hex gg;ﬁ 2? 424 D8 FBH end.of alphabet
2316 ASTART TAOSWIHCBFPMRELNDUGYJVQKZX 55&1 24C45C1424F AAbleAbout  beginning of vocabulary storage
232F FB DB FBH end of alphabet flag
2330 NTSRLDCIGVMYPBKUFWOJXHZEQA
234A FB DB FBH
2348 EAQUYRISLJTVMBDWCGHNPFK
2362 FB DB FBH
2363 OEHATKILURCYSONDZMW TEXT AND EDITOR
2376 FB DB FBH ) R
2377 EIUARSOLMDGYNVJQWHEFTPKBZ 3F00 CD200C TEXT CALL WHO keyboard input
2390 FB DB FBH 3F03 FE7F CPl1 7FH is it rubout?
2391 RSNDALMCETVFPXIGYOWUHQKBJZ 3F05 CA263F JZ RuB
23AB FB DB FBH 3F08 FESF CPI 6FH is it shift 0?
23AC ORIFEAULTSYWBMGCHNJPD 3F0A CA383F JZ EDITOR
23C1 FB DB FBH 3F0D FE1C CTL CPl 1CH is it a control character?
23C2 EHROAIGSLUTNYMFDBWZJIKPC 3FOF DA213F JC CONTROL
23D9 FB DB FBH ) 3F12 FE20 CPt 20H is it a control code?
23DA EIAOTURYLNWDSMBHQFPCGK 3F14 D2193F JNC PRINT if not, print it
23F0 FB DB FBH 3F17 C6DF ADI DFH

23F1 NSTOCMLAREDVGPFBKXUZQIJLWY 3F19 77 PRINT MOV M, A store it in memory
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CDESB3F
23
C3003F
F6CO
C3193F
CDES3F
2B
C3003F
2A800C
3E0C
CD240C
C3003F
22800C
3EO0D
CD240C
2A800C
EB
CcDD103
EB
3E20
CD240C
7E
CDE63F
7E

23

FEFB
DA4D3F
CD200C
FE20
C2673F
2A800C
23
C3383F
FE7F
C2873F
2A800C
E5

D1

3EFF
010000
2B

23

0B

BE
C2773F
2A800C
23
CDO0001
C3383F
FEOD
CA 383F
FEOA
C2A03F
2A800C

CALL LPRINT
INX H
JMP TEXT
CONTROL OR1{ COH
JMP PRINT
RUB CALL LPRINT
DCX H
- JMP TEXT
RETEXT LHLD 0C80H
MVI A, OCH
CALL WH1
JMP TEXT
SHLD 0C80H
MVI A, ODH
CALL WH1
LHLD 0C80H
XCHG
CALL DEOUT
XCHG
MVIA, "
CALL WH1
MOV A, M
CALL LPRINT
MOV A, M
INX H
CPI FBH
JC LOOP
CALL WHO
cpP
INZ M1
LHLD 0C80H
INX H
JMP EDITOR
CPI 7FH
INZ M2
LHLD OC80H
PUSH H
POP D
MVI A, FFH
LXIB, 0
DCX H
INX H
DCX B
CMP M
INZ M3
LHLD 0C80H
INX H
CALL MOVE
JMP EDITOR
CPl ODH
JZ EDITOR
CPI OAH
INZ M4
LHLD 0C80H

EDITOR

putiton TV .
next memory location
do it all over again,
make eighth bit high
for ‘capital’ letters:
rubout on TV

back up in memory

go do it over
fetch starting address
erase TV :

save start of curreth line

start a new line |
fetch start of current line

print address in he?‘
restore address

print space
fetch character from memory
putiton TV :

was it the end of aline?
if not, keep printing

wait until a key is pressed
is it a space?

if not, keep checking
fetch starting address
space skips one character
and reprints line

is it rubout?

fetch starting addrass
copy HL
into DE ‘
end of vocabulary flag
start counting at zero

: F1
12
count one byte 23
check for end flag 23
keep counting if not the end C3383F
fetch starting address FEG0
we are moving one space D2240C

FE41

display edited line : DA240C
is it carriage return? C620
then display next line C3240C
is it line feed?

LPRINT

fetch starting addm?s

DCX H
DCX H

MOV A, M
CPI FBH

Jc M5

INXH

JMP EDITOR
CPI 5FH

JZ RETEXT
CPI 1CH

Jc M6

CPI 20H

JINC INSERT
CPI 1EH
INC M7

ADI BOH
JMP INSERT
ADI DFH
JMP INSERT
ORI COH
LHLD OC80H
PUSH PSW
MVI A, FFH
LXI1B, 0
DCX H

INX H

DCX B
CMPM

INZ M8
MOV D, H
MOV E, L
INX D

MOV A, M
STAX D
DCX D

DCX H

INR C

INZ M9

INR B

INZ M9
POPPSW
STAX D

INX H

INX H

JMP EDITOR
CPI 60H
JNC WH1
CPI41H

JC WH1

ADI 20

JMP WH1

back up
keep backing up

look for controf flag

and keep backing up until found

skip the flag

and display previous line
is it shift 0?

if so, go to TEXT

is it a control character?

if so, it is upper case

could it be a control code?
if not, insert it as is

be sure itisnotMor L

if its not, then control code ok

make into LorM
and insert it
make into control code

make into capital letter
fetch starting address
save character on stack
end of vocabulary flag
start counting at zero

move forward

count one space

get back character
and insert it

is it upper case?
print as is

is it lower case?

if not, print as is
make it lower case
and print it




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 programs
are included.
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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 line 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.
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MICROPROCESSORS IN AIDS FOR THE BLIND

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

~not portable.

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 Towercase 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
A -plotter can-be-used to make a - -
portable copy with large letters. However, this
is a slow job, and the paper must be manually
placed on the machine.

Speech Output Devices

Speech output is avajlable 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 line. 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 long. (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.

Summary

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.

WEST COAST COMPUTER FAIRE
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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 normalizeda 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 firmwars used in
development.

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

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

- Processor Tech. CUTS board for "CUTER"
based mass storage on cassette.

- Processor Tech. 3P&S board for 1/0.

- Matrox ALT 256**2 graphics board for
plotting the output.

- Matrox ALT 2480 board running the system
output.

hard-

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 manner 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,

"Y" 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.

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.

we....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-Trespectively 39 and 48 ¢on- Qi

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 eachof
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%, increasing 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
aalking 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 locat