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MY COMPUTER ODYSSEY
Stanley Mazor
Introduction

Thank you to the Kyoto Prize Committee and the Inamori Foundation for this
award and for giving me the opportunity to give this talk which reviews my life's
work. I am here today because I was part of a team that developed a number of
microcomputers at Intel which have many uses and which have had a broad impact
on society. I am fortunate to have worked with a very talented team and I am
humbled to receive this recognition. I thank the Inamori Foundation for this chance
to share my thoughts and philosophy and I hope that it might be of some interest to
you. I have organized this talk into three sections:

I. How I got into computers and computer design
II. The microcomputer chip and how we invented it
Il. Some general lessons Ive learned

I. How I got into computers

I would like to share with you how I began my computer odyssey thirty-five
vears ago. One day at San Francisco State University [photo 1] | peeked through the
open door of the computer center and saw an interesting-looking machine that had
about one hundred lights blinking on and off. This was an IBM 1620 [photo 2]
computer and it was small compared with some of the giant computers of that era.
Had [ gone to a larger school they would have had a full-time computer operator and
I would not have been allowed into the computer room. but with the small computer
at our school a student could run it himself. Most of the data was entered using a
punched card [photo 3], but it also had a keyboard, and I like to say that it was the
first IBM Personal Computer.

To use the computer I would first need to take a programming class, which is
what I did. My first program was a tic-tac-toe game and 1 played against the
computer. I also wrote programs for my senior statistics project, and some nights 1
slept in the computer room while I waited for my final results to be computed. Our
professors encouraged us to use the computer for serious calculations, but did not
want us to waste valuable computer time playing games. A few years later when
would see people playing games on computers at work, 1 would remember what my
professors had said about wasting computer time. However, twelve years later as an
Intel applications engineer, [ helped several companies develop their video game
products, and computer games turned out to be a billion dollar industry which our
professors had not imagined [photo 4] .
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How I got to silicon valley

My first job out of school was as a programmer at Fairchild Semiconductor in
Mt. View [photo 5] . which is about 60 km south of San Francisco in what is now the
heart of Silicon Valley. Fairchild was the origin of the valley’s forty semiconductor
companies and they made transistors [photo 6] . Transistor radios were popular, and
I knew that transistors were smaller and better than vacuum tubes because they use
very little battery power and do not get very hot. I wrote programs that helped
engineers and physicists design transistors. My program predicted how a transistor
operates at different temperatures and how certain manufacturing steps affected our
transistor products. By 1965 we could get ten transistors on a single “silicon chip
[photo 7] " which was smaller than a button. These transistors were connected
together with on-chip plated wires to form an “integrated circuit” chip. I had joined
a company which was a leading maker of integrated circuits.

How I became a computer designer

In addition to making these chips, Fairchild also investigated uses for their
chips such as digital clocks, computer memory boards, test equipment and other
special projects. The Research Department [photo 8] had a project to build a very
large revolutionary “high level language” computer and they wanted a practicing
programmer to join in the computer’s specification and development. This was an
opportunity to build a computer rather than just programming one, and I was excited
about developing a new kind of computer. Although my experience was in software
I decided to take a chance and try “hardware” design. So I transferred to the
Research Lab in 1966 to work on the specification or “architecture™ of this very
special computer called “Symbol.” We believed that this computer would need very
little software, be easy to use and we thought it would revolutionize the computer
industry. After the computer specification was completed, we had a giant computer
design to implement. Each of us was assigned a part of detailed computer design.
My section did decimal arithmetic (very similar to that used in desktop calculators
and very different from conventional binary computers). This was my first
experience in designing a computer, but the math courses I had taken in school
prepared me for most of what I needed, the rest such as “debugging” printed circuit
boards, I learned on the job.
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. The microcomputer chip invention

Before I discuss our microcomputer invention I would like to suggest that most
people have a misunderstanding about the conception of invention and its
implementation. In many cases the idea or concept already exists before someone
figures out how to actually implement it. As an example, Jules Verne, the French
fiction writer, wrote in 1850 about a ship which could travel to the moon and another
ship which could go beneath the sea. You might therefore call Jules Verne the
inventor of the space ship and the submarine. However, the mere conception of such
vehicles is far different than designing and building rea/ vehicles which can travel
under water or in space. In our case, the idea of a computer on a chip had been
mentioned in the literature and even appeared on the cover of Scientific American
magazine. It was the design and implementation of our microcomputer chip that was
important.

How I got to Intel

But first let me mention how I got to Intel. The project goals for the Fairchild
Symbol computer were too ambitious, and after building one of these computers the
project was abandoned. About the same time in late 1968, the original founders of
Fairchild, Dr. Noyce and Dr. Moore [phote 9] , along with Dr. Grove left Fairchild to
start Intel [photo 10], a new company to build integrated circuit memory chips [photo
11]. Conventional computer memories were built using little metal donuts called
“cores.” No company was making memory chips and the idea of memory chips was
new. | was chosen to join Intel in Ted Hoff’s Applications Research Department. Our
job was to build demonstrations to show how Intel memory chips could be used
instead of core memories. We also tried to find new uses for the silicon chip
technology being developed by our company — which turned out to be
microcomputer chips. This was similar to the kind of work I had done at Fairchild,
except that rather than working on one of the world's largest computers I would be
working on the world's smallest computer [photo 12] .

MCS-4 and Busicom calculator [photo 13]

My office-mate at Intel was Masatoshi Shima from the Busicom calculator
company, which had contracted Intel to build chips for a new calculator [photo 14-1]
[photo 14-2] . Ted Hoff proposed a radical solution for their calculator chips—to build
a general purpose computer programmed to do the calculator functions. This would
turn the calculator design into a programming problem, for which 1 had a lot of
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experience, and would mean that most of the chips used in the calculator would be
memory chips to store the computer program. Recall that memory chips were Intel's
specialty. I worked with Ted on the specification of this computer, and I also wrote
programs to demonstrate that calculator functions could be programmed in software.

Shima described the calculator's requirements to me. 1 wrote sample MCS4
programs to do these calculator functions—such as responding to keys being
pressed and printing and displaying results. My prior experience with the IBM 1620
and the Symbol computer design prepared me for the calculator’s decimal arithmetic
functions. However, since our microcomputer did not exist yet we did everything on
paper. | was programming an imaginary computer. Shima and I had an interesting
time communicating in English about a “paper” computer. Two years later Shima's
calculator program was working on Faggins real chips. In contrast to the failed
Fairchild project, this project met commercial success and [ had utilized my prior
experience in programming, computer design, and teamwork. Ted, Federico, and I
knew that the MCS4 could be used in other applications beyond Busicom's
calculator and we persuaded management to get back the right to sell this computer
as a standard Intel product. These first microcomputer chips were advertised in
November 1971 [photo 15] .

The challenge

I'd like to explain our major obstacle in computer chip design and how we
overcame it. We could not make powerfi/ computers in the early 1970s because we
could not produce big chips. A powerful computer needs thousands of transistors
and requires a big chip. You can’t make chips big because they would have too many
defects in them: Since you may not be familiar with microcomputer chips I will try to
illustrate the problem as if we were in the women’s dress business. Consider a piece
of cloth which has some holes or defects in the material [photo 16] , and that any
piece of cloth would contain defects in differing locations, but similar to the six
random holes shown in Figure 1. Suppose we desired to cut out a large women's
dress from the material; it might nof be possible to get a defect free dress. In Figure
2 the dress contains four defects [photo 17], and this cutting operation yielded no
good products.

However, suppose we were making smaller dresses for little girls, which used
much less material, as shown in Figure 3 [photo 18] . There are four patterns on the
same piece of material, notice that two of them are okay and two of them are
defective. Now consider producing tiny dresses for little dolls instead. In this case
sixteen patterns fit on the same piece of material and our yield rises to fourteen good
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dresses, as shown in Figure 4 [photo 19] , where only two of the dresses are defective.
Now we have to ask what business would we like to be in? Because we start with
defective material we cannof make women's dresses, but we could make girl's or
doll's clothes as summarized in Figure 5.

Similar to this dress maker example, the semiconductor wafer materials [photo
20] have randomly placed defects in the silicon crystal structure which you cannot
see. Chips are cut out of the wafers similar to the way that dresses are cut out of a
piece of cloth [photo 21] . You can't make big chips because they would have defects
in them. Chip designers choose the size chip they will make and predict using
mathematical models the expected manufacturing yield. Figure 6 illustrates three
different chip designs each with a different chip size on a wafer containing defects.
The expected yields per round silicon wafer are very different. The largest chip size
has zero yield, and the smallest chip design has a yield of sixty-five good chips [photo
22]. A large chip can have more fransistors on it and provides a more powerful
computer. A small chip has fewer transistors and will not be a very good computer.
In fact, unlike the maker of dresses, the semiconductor manufacturer may find no
one interested in a“doll"sized chip. Hence, the challenge for the designer is to define
the right size computer chip that can be manufactured with a reasonable vield and is
powerful enough to do something useful. If your goals are too ambitious the chip will
be too large and will have a low yield. If you are too cautious, the chip will be too
small, the yield will be good, but the chip will be so simple that no one will want to
use if.

Now that you have an idea of the limitation we had in making big chips, I would
like to describe by another analogy how we overcame this limitation. Consider for a
moment that you are a designer of a 6 passenger car that cost $50,000 to make [photo
23] . Your company asks you to design a new car which sells for $1,000. You know
you must simplify your car design, and make it smaller and less powerful. But how
can you reduce the cost to 1/50th? The result might be 2 passenger golf cart that
goes 1/20th the speed [photo 24]. But although this is an obvious solution to you
now, if a golf cart did not exist already, it is not so easy to figure out what to scale
down.

While it is clear that a golf cart is much less expensive than a large passenger
car, it is also clear that it cannot perform the same function. A golf cart might be
suitable for transporting two passengers within the downtown area of a city, but it is
not suitable for getting from Kyoto to Osaka. Hence one must consider if your scaled-
down design is powerful enough to meel your needs.

Our goal for the Busicom calculator chips was to define a small enough
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computer chip that was powerful enough to do desktop calculator arithmetic and
control functions and that could sell for $100. Our problem was to figure out how to
scale down a computer to fit onto a single chip. We concluded that a computer that
could process a single decimal digit at a time (four bits) would do the job. By
contrast most of the minicomputers in the 1970s could handle four digits at a time.
Overall, they were about 100:1 times faster and 100:1 more expensive than our
microcomputers. Our early microcomputers were low priced and very slow when
compared to popular computers of that era. Ted and I wrote a specification for a
small computer chip that could be programmed to be a desk calculator and also be
programmed for hundreds of other uses. Over the past twenty-five years the chips
got bigger and the computers got faster. Our first microcomputer had about 2,000
transistors on the chip, today's chips contain millions of transistors. Today’s
computers are still low cost and very, very fast, and their designs are very complex.

Impact of the chip

After an invention is complete and a new product is created, it is of no real
significance if no one uses it. At Intel I worked with Shima to help him program the
desk calculator functions. To get new technology and products adopted, it is
necessary to educate people. My job for the last twenty years has been a teacher in
industry, explaining how to use these new technologies [photo 25]. [ try to get
engineers and programmers to abandon their old practices or tools and use new
products. Engineers and programmers need to continue learning after they graduate
college and many good teachers are needed. I spend most of my time teaching and
also training new teachers to do industrial training. One of the training challenges |
enjoy is developing new examples and analogies to explain new concepts. The dress
making example I used today to explain the problem we faced in making large chips
from defective material is an example of the training analogies I develop.

However, even with education, not all companies can adopt new technology. Let
me share a couple of examples of how technology affects companies and individuals.
In 1975, 1 became Intels first Application Engineer living in Europe. I helped
customers develop new uses of our microcomputer products. Two interesting
companies that 1 visited were in Germany. One was a company building cash
registers using mechanical parts made by machinists. Another company was
building computers using clectronic parts. Intels new microcomputers affected
these two companies. The computer company was able to use microcomputers to
ride the “technology wave” into the next decade very successfully. However, the
mechanical company did not succeed in using electronics and failed to compete with
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electronic cash registers as they were developed. They eventually went out of the
cash register business.

Our microcomputer invention has led to thousands of specialized uses and the
personal computers are being used everywhere. 1 feel that the computers are often
abused but that many lives are enhanced because of their use. At the Inventor's Hall
of Fame last year, a blind professor came up to me and thanked me for our
microcomputer invention which has enabled him to be productive on his computer
even though he has no sight. I was very touched by his comments and his sincerity.

Computer Aided Design

Another use of computers is to help designers design something. When a
computer aids our design work, we call it Computer Aided Design or CAD.
Computer Aided Design is software that helps engineers design new computers.
Sometimes it seems funny to people that we used computers to help design
computers. It's like using robots to assemble more robots. The chip-making process
is photographic, and it takes about eight weeks from the time you change a design
until you get a chip in your hands; you must get the design 99.9% correct the first
time. You can only do the checking using a computer program. Working under the
direction of Ted and an Intel physicist, I wrote programs (for simulating electronic
circuits) to help chip designers get working chips. I would later spend many years
working on CAD tools in CAD companies.

What I learned

As I review my life's work, the Inamori Foundation has asked me to share some
of my thoughts and philosophy which [ hope may be of some interest to you. 1 will
highlight five ideas for you to consider.

Long projects are likely to fail

1 learned that on long projects it is difficult to have continuity because of
changes in business priorities, staffing, and project morale. The Fairchild Symbol
computer project lasted for more than five years. Because it was “very
experimental,” we tried many new ideas which were not practical; we tried to do too
much, it took too long and it failed. In contrast to this, the Intel microcomputer
design projects took about eighteen months and were successful. Now I am not
saying that all long projects will fail, but based upon my experience I prefer shorter
projects.
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Projects which are too broad in scope are likely to fail

After 1 left Intel I worked at two software start-up companies. Although we had
some successes, the first company's product tried to do too much and was
abandoned. The second company’s product was based upon similar ideas, but with a
simpler product. This simpler software did a very good job of making chips smaller
and faster. Sometimes it is important to do a better job on a project which has
narrower scope; in America we say: “do not bite off more than you can chew.”

Some of the Fairchild managment on the Symbol computer believed in an
engineering principle which is to set very high goals, so that if you achieve only
some of the goals you might still have a good result. In my experience at Fairchild
that did not work; the broad scope of the project was too ambitious and caused the
project to fail.

We cannot plan our life exactly

A third lesson I have learned is that we can’t plan our future completely
because we do not have all the information. Although the Fairchild Symbol computer
project was not practical, it was exciting to be working on very advanced computer
ideas. 1 did not expect that any other work would ever be as interesting as that
project had been. When I left Fairchild I doubted that my next job could be as
interesting. But as it turned out the most significant event and right thing in my
career (the microcomputer) happened at Intel, not at Fairchild. Therefore, I
conclude that we cannot predict the outcome of life’s events which involve many
unknowns. We do the right thing for the wrong reasons— or the wrong thing for the
right reasons.

As another example of the difficulty in predicting my future, I started college
with no particular profession in mind, learned about computers and entered industry
as a programmer. I then learned about computer design and integrated circuits.
Although I started out to get a general education I ended up with a career in
computers.

My early experiences in high school student government taught me about
teamwork and making compromises. These lessons helped me when working as a
team member on the microcomputer. My student government public speaking
experiences helped me in my teaching career. My college mathematics helped me to
design computer arithmetic units. I could not have predicted that these experiences
would have been so valuable to me later in my career.
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Passion for what you're doing

As 1 review my life I recognize that I have had several great passions, almost
compulsions. When [ was sixteen, [ saw a photograph of a one-man open helicopter.
I was very interested and read all of the books I could about helicopters. I found a
company that had printed plans for constructing a helicopter. I had a passion for
building a helicopter and although I never did get to build one, I spent a great deal
of time thinking and dreaming about helicopters.

When 1 first discovered computer programming [ was “consumed” by the
computer. I spent most of my time writing and improving my computer programs.
You can find many people who have “been bitten by the computer bug.”

When [ was working on writing my first book, I found that I could not get away
from the keyboard and I found myself working on it with a passion. 1 feel very
fortunate that in my life I have been very enthusiastic about my work, from
designing computers to teaching engineers. In addition it has been very satisfying
that this work has been productive and helped people. In the last few years I have
become very interested in architecture of old buildings and I have a compulsion to
visit old castles.

Take chances
I realize that where I live in Silicon Valley we have an opportunity to take

chances with new companies and new products. For me some of these chances have
been successful and some of the projects like the Symbol computer and silicon
compiler were not successful. But I learned a lot in either case and my life is richer
from these experiences. Three of the start-up companies I joined were successful.

When I started my computer Odyssey in college I took a chance and learned to
program. At Fairchild I took a chance at designing hardware and became a computer
designer. I took a chance when I joined Intel. I took another chance when I moved to
Europe to become their first field engineer. 1 took a chance and helped start-up two
software companies. Now I am taking a chance in an area called “client/server”
computing. By accident I fell into the computer field and have stayed in this
expanding and growing field. I still am inquisitive and take chances in new products
and with new companies.

Summary

It was gratifying to have worked with these fine engineers and fellow laureates
when we were together at Intel. It was great to have been part of an international
team and to work in Europe. I am lucky to be surrounded by my sons, my sister and
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my wife as [ share my story with you today.
Thank you Dr. Inamori and to the Foundation for this wonderful award. Finally
I was specifically asked to tell you my philosophy.

My philosophy
What is the meaning of life?
You give your life meaning—moment by moment.
Fill your life with meaningful moments.
Only you can decide what is important and meaningful to you.
My meaningful moments have been:
the time I spent with my wife and children
the time 1 spent with my creative co-workers
the time 1 spent writing articles and hooks
the time 1 spent creating new courses
the time I spent traveling in other countries

Thank you for giving me these wonderful meaningful moments, the time I have
spent in Kyvoto with vou.
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