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FOREWORD

The last decade has seen a large interest in technologies that have as their
motivation some aspect of human function. Some of these, like artificial
intelligence, can be seen to be rooted in the psychological domain. Others,
like neural networks, genetic algorithms, and evolutionary programming,
are inspired by reconsiderations of biological processes. Common to all these
so-called “intelligent technologies” is a need to represent knowledge in a
manner that is both faithful to the human style of processing information as
well as a form amenable to computer manipulation.

Fuzzy sets were originally introduced in 1965; the related discipline
of fuzzy logic is proving itself as the most appropriate medium to accomplish
this task. At one level, fuzzy logic can be viewed as a language that allows
one to translate sophisticated statements from natural language into a mathe-
matical formalism. Once we have this mathematical form of knowledge, we
are able to draw upon hundreds of years of recent history in technology to
manipulate this knowledge.

While the original motivation was to help manage the pervasive
imprecision in the world, the early practitioners of fuzzy logic dealt primarily
with theoretical issues. Many early papers were devoted to basic foundations
and to “potential” applications. This early phase was also marked by a strong
need to distinguish fuzzy logic from probability theory. As is well under-
stood now, fuzzy set theory and probability theory are directed at different
types of uncertainty. The next phase of the development of the discipline was
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driven by the success, particularly in Japan, of using fuzzy logic to design
simple controllers. This success has sparked a worldwide interest in using
this technology for the construction of complex systems models in engineer-
ing disciplines.

With the publication of this book we are beginning to see the emer-
gence of the next phase of fuzzy logic. During this phase we will see the
opening of the power of this methodology to middle-level “technocrats.” In
addition, the focus of this book, rather than being strictly on engineering
problems, provides a number of broader applications. The authors are to be
complimented on providing a book that will be very useful to those who
desire to use fuzzy logic to solve their problems. The book has many examples
and complementary software to help the novice.

I'look forward to a future in which the techniques of fuzzy logic will
become as pervasive on desktop computers as spreadsheets and databases.
The authors of this book have taken an important step in helping realize this
future.

Ronald R. Yager
New York
June 1994
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CHAPTER 1

THE FUZZY WORLD

What's the process of parallel parking a car?

First you line up your car next to the one in front of your space.
Then you angle the car back into the space, turning the steering wheel
slightly to adjust your angle as you get closer to the curb. Now turn the
wheel to back up straight and—nothing. Your rear tire’s wedged against
the curb.

OK. Go forward slowly, steering toward the curb until the rear
tire straightens out. Fine—except, you're too far from the curb. Drive
back and forth again, using shallower angles.

Now straight forward. Good, but a little too close to the car
ahead. Back up a few inches. Thunk! Oops, that’s the bumper of the car
in back. Forward just a few inches. Stop! Perfect!! Congratulations.
You've just parallel-parked your car.

And you’ve just performed a series of fuzzy operations.

Not fuzzy in the sense of being confused. But fuzzy in the real-world
sense, like “going forward slowly” or “a bit hungry” or “partly cloudy”—the
distinctions that people use in decision-making all the time, but that comput-
ers and other advanced technology haven’t been able to handle.



2 Chapter 1

What kind of problems? For one, waiting for an elevator at lunch
hour. How do you program elevators so that they pick up the most people
in the least amount of time? Or how do you program elevators to minimize
the waiting time for the most people?

Suppose you're operating an automated subway system. How do you
program a train to start up and slow down at stations so smoothly that the
passengers hardly notice?

For that matter, how can you program a brake system on an automo-
bile so that it works efficiently, taking road and tire conditions into account?

Perhaps you have a manufacturing process that requires a very steady
temperature over a many hours. What’s the most efficient and reliable
method for achieving it?

Or, suppose you're filming an unpredictable and fast-moving event
with your camcorder—say, a birthday party of 10 three-year-olds. What kind
of a camera lets you move with the action and still end up with a very
nonjerky image when you play it back?

Or, take a problem far from the realm of manufacturing and engineer-
ing, such as, how do you define the term family for the purposes of inclusion
in health insurance policy?

Do all these situations have something in common? For one thing,
they’re all complex and dynamic. Also, like parallel parking, they’re more
easily characterized by words and snades of meaning than by mathematics.

In this book you’ll be immersed in the fuzzy world, not an easy
process. You'll meet the basics, manipulate the tools (simple and complex),
and use them to solve real-world problems. You can make your experience
interactive and hands on with a series of programs on the accompanying
disk. (See the Preface for an explanation of how to load it onto your hard
disk.) To make the trip easier, you'll be following in the many footsteps of
our fuzzy field guide, Dr. Fuzzy. The good doctor will be on call through
Help menus and will show up in the book chapters with hints, further
information, and encouraging messages.

The real world is up and down, constantly moving and

:-le' changing, and full of surprises. In other words, fuzzy.
DR. FUZZY Fuzzy techniques let you successfully handle real-

world situations.



