
Preface

Fuzzy logic is one of the fastest growing technologies in the world since the be-
ginning of the computer era. Because of its simplicity and wide range of applica-
bility, there is an increasing need for education about fuzzy logic, especially for
novice practitioners. Among the many viable forms of educational material
found in the literature, it is only recently that design-oriented books have started
to emerge. This book is one of them, with a slightly different point of view than
the existing trend. The focus in this book is on certain basic structures, and the
reader's attention is narrowed down to simple design attributes.

Design books, in general, differ from theory or application books by con-
tent, style, language, outline, and most importantly by the general objective. In a
design book, the topics to be covered must be well established in theory as well
as in practice. In addition, the organization of the topics must help the reader
navigate through a typical development process. In this process, the reader needs
theoretical knowledge at a sufficient level, but not necessarily at the level of a
theory book, and practical examples of reasonable complexity, but not as sophis-
ticated and detailed as those found in application books. The book is intended to
fill an important gap by focusing on the transition from theory to application
while satisfying the typical requirements of a design book. Accordingly, the
reader will encounter a balanced mixture of theory and application within a typi-
cal design framework.

The word design refers to almost any kind of creation in arts and sciences.
In the artistic sense, design involves imagination, fiction, belief, and taste. In sci-
entific terms, design applies theoretical principles in an appropriate and optimal
manner, as in designing a car engine. Unfortunately, designing a fuzzy system
has both scientific and artistic elements that make it hard to learn or teach the
subject. The scientific element is based on mathematics such as fuzzy set theory.
The artistic element comes from intuition, interpretation, insight, expectation,
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and so on, which we call heuristics. This book attempts to identify both artistic
and scientific elements of design in their application to fuzzy systems, and to re-
solve problematic design issues when possible.

Fuzzy systems theory has progressed in two directions: 1) fuzzy inference,
which is the main focus in this book; and 2) the application of fuzzy set theory to
problems formulated strictly in mathematics. There is a fundamental difference
of philosophy between these two directions, although they are often complemen-
tary. In the fuzzy inference approach, the solution of a problem comes from
human interpretation (expertise, experience, data, etc.). The design challenge is
to reproduce a specific solution by translating it from the original domain of
knowledge (often natural language) to the calculus of fuzzy IF-THEN rules. In
the second approach, the original solution of the problem at hand is expressed
purely by crisp mathematics with very little, if any, involvement of heuristics.
The design challenge is to apply fuzzy set theory to crisply defined concepts and
formulas to improve their generality, robustness, and expressive power. In this
book, the term fuzzy systems refers mostly to the first type of systems, which are
governed by fuzzy IF-THEN rules.

The calculus of fuzzy IF-THEN rules is quite simple compared to other ex-
tensions of fuzzy set theory. There are well-established elements of the fuzzy IF-
THEN structure, including fuzzy variables, membership functions, fuzzy rules,
implication process, and decomposition. Putting these elements together forms a
fuzzy inference algorithm. The manner in which this algorithmic flow is imple-
mented is also well established in the literature and in industrial applications. This
basic structure, which is called the basic fuzzy inference algorithm in this book,
constitutes the backbone of design. However, the challenge starts when each ele-
ment of the basic fuzzy inference algorithm is to be designed for a given global
objective. This book was written with this view in mind. Thus, the basic fuzzy
inference algorithm is presented before the detailed discussions on how to design
each element. The reader is advised to follow this order while reading the book.

Despite the relatively rigid structure of the basic fuzzy inference algorithm,
there is almost no structure or systematic method for designing its individual ele-
ments. This is because designing the elements, such as membership functions,
involves a heuristic approach based on individualism, style, and expertise.
Therefore, this book presents possible options to choose from or possible steps to
be taken while designing different parts of the basic fuzzy inference algorithm.

The design principles suggested in this book are presented as "things to
consider" instead of "things to do." Most of the design principles are stated to
remind the reader what to expect when selecting certain design options. The in-
formation presented in the design principles is gathered from practical design ex-
periences (i.e., academic research, consulting vendors, conference meetings, soft-
ware development, classroom discussions, etc.) Most of the principles are simple
to verify by commonsense reasoning without extensive mathematical proof.


