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Professor Lotfi Asker Zadeh

is awarded HONDA PRIZE together with all the
privileges and honours pertaining thereto, recognizing
that as an advocate of Fuzzy Theory which incorporates
the vagueness of the human brain compared with
computer systems, Prof. Zadeh has been participating
in activities around the world for the development
of this theory, thereby contributing to leading the
information oriented society of the future towards

a more human direction.

Biography and Positions

1921 Born in Baku, U.S.S.R.

1942 Graduated from the University of Teheran
{electrical engineering)

1946 Completed a master’s course at Massachu-
setts Institute of Technology

1949 Completed a doctor’s a course at Columbia
University

1953-1957 Served as Associate Professor at Columbia
University

1957-1959 Served as Professor at Columbia Univer-
sity (electrical engineering)
1962 and Became a visiting professor at Massachu-
1968 setts Institute of Technology
(electrical engineering)
1959 to
present

Serving as professor at the University of
California, Berkeley (electrical ngineering)

Until 1965, Prof. Zadeh's work was centered on system
theory and decision analysis. Since then, his research
interests have shifted to theory of fuzzy sets and
their application (artificial intelligence, linguistics,
logic, expert systems, etc.). Prof. Zadeh was awarded
honorary doctorates by the Paul-Sabatier University,
France, and the State University of New York in
recognition of his development of the theory of fuzzy
sets.

At present, Prof. Zadeh is a fellow of the IEEE
(Institute of Electrical and Electronics Engineers) and
AAAS (American Association for the Advancement of
Science), and also a member of the National Academy
of Engineering.
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The Birth and Evolution of

Fuzzy Logic

Professor Lotfi A. Zadeh
University of California, Berkley

Text of a lecture presented on the occasion of the award of the 1989 Honda Prize on

17 November, 1989

I feel honored to have been chosen as the win-
ner of the 1989 Honda Prize. To me this honor has
a speical significance. First, because it represents
an important recognition of the validity of the ideas
which were set forth by me more than two decades
ago. And second, because these ideas have found
a fertile soil in Japan—a country for which I have
a deep admiration and affection. It gives me great
pleasure to take this opportunity to pay my trib-
ute to the brilliant Japanese scientists and engineers
who have contributed fundamentally to the de-
velopment of fuzzy logic and its applications and
who have played such an important and enlight-
ened role in the international community of fuzzy
mathematicians, scientists and engineers.

Unlike traditional logical systems, fuzzy logic
is aimed at providing a model for modes of reason-
ing which are approximate rather than exact. In
this perspective, the importance of fuzzy logic der-
ives from the fact that almost all of human
reasoning—is approximate in nature.

The basic ideas underlying fuzzy logic were
described in my first paper on fuzzy sets which was
published in 1965. This paper and my subsequent
papres on fuzzy sets drew a mixed reaction. Some
academics and especially the late mathematicians
Richard Bellman and Grigori Moisil, greeted my

ideas with enthusiasm. For the most part, however,
what I encountered was skepticism and, on occa-
sion, downright hostility. Today, twenty-five years
later, the controversy surrounding fuzzy logic is.
still with us, though not to the same degree. The
numerous applications of fuzzy logic, especially is
Japan, are too visible to be denied. There are still
some, however, who remain unconvinced that fuz-
zy logic has something important to offer. The
Cartesian tradition of respect for what is quantita-
tive and precise, and disdain for what is qualita-
tive and imprecise is too deep-seated to be
abandoned without a fight. The basic tenet of this
tradition was stated succinctly by Lord Kelvin in
1883, ‘‘In physical science a first essential step in
the direction of learning any subject is to find prin-
ciples of numerical reckoning and practicable
methods for measuring some quality connected
with it. I often say that when you can measure what
you are speaking about and express it in numbers,
you know something about it; but when you can-
not measure it, when you cannot express it in num-
bers, your knowledge is of a meagre and unsatis-
factory kind: it may be the beginning of knowledge
but you have scarcely, in your thoughts, advanced
to the state of science, whatever the matter may
be.”’

In a similar vein, in commenting on a paper



of mine in 1972, Professor Richard Kalman wrote
““I want to say only a few words about what hap-
pens to the application of algebra. As an example,
I will use a notion of a fuzzy set mentioned by Prof.
Zadeh. Let me say quite categorically that there is
no such a thing as a fuzzy scientific concept, in my
opinion.”

““We do talk about fuzzy things but they are
not scientific concepts. Instead, let us view the de-
velopment of science as something like the follow-
ing. You look at a vast mass of facts—fuzzy or
not—and you would like to make some sense out
of it. This is usually done through rising to a higher
conceptual level, by working harder than the aver-
age person. some people in the past have discovered
certain interesting things, formulated their findings
in a non-fuzzy way, and therefore we have
progressed in science.”’

Despite the skepticism and hostility, there is,
today, a rapidly growing international communi-
ty of scientists and engineers who are actively en-
gaged in the development of fuzzy logic and its
applications. In the forefront of this activity are
Japan, The People’s Republic of China and the
Soviet Union. In Japan, in particular, the ideas of
fuzzy logic have found a wide acceptance, as is evi-
denced by the establishment of LIFE, the Labora-
tory of International Fuzzy Engineering, which is
certain to become the world’s premier center for
research and development relating to fuzzy logic
and its applications. One cannot but admire the
work done in Japan and the foresight of a small
group of eminent scientists who nurtured the field
while it was still in its initial stages of development.
I should like to pay my tribute to this group—a
group which was led by the late Professor Kokichi
Tanaka of Osaka University, and Professors T.
Terano, K. Asai, M. Sugeno, H. Tanaka, M.
Mizumoto, M. Mukaidono and K. Hirota. I would
like to do so, but time does not allow me to men-
tion the names of outstanding scientists and en-
gineers in Japan who are currently contributing so
importantly to the development of fuzzy logic and
its applications in a wide variety of fields ranging
from train control and resource allocation to med-
ical diagnosis and portfolio management.

What are basic ideas underlying fuzzy logic?
What are its potentialities and limitations? These
are some of the issues on which I should like to
focus on in my lecture.

First, a bit of history. Although I am an elec-
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trical engineer by training, I have always been a
strong believer in the power of mathematics. To
me, it was an article of faith that to almost any
problem there is a mathematical solution. Like
many other workers in systems analysis, informa-
tion analysis and control, I was driven by a quest
for precision, rigor and mathematical sophistica-
tion. There was no doubt in my mind that this was
the right path to follow.

However, in the course of writing a book with
Professor Charles Desoer on linear system theory,
I began to realize that there are many concepts in
system theory that do not lend themselves to pre-
cise definition. For example, one can give a pre-
cise definition of a linear system, a stable system,
a time-invariant system, etc. But how can one de-
fine what is meant by a decentralized system, a
slowly-varying system, a reliable system, etc.?

In trying to do so, I began to realize that the
problem lay in the Aristotelian framework of clas-
sical mathematics—a framework which is intoler-
ant of imprecision and partial truth. In essence, a
basic assumption in classical mathematics is that
a concept must admit of precise definition which
partitions the class of all objects into two classes:
(1) those objects which are instances of the concept;
and (ii) those which are not, with no borderline
cases allowed. For example, a function is either
continuous or discontinuous; it cannot be continu-
ous to a degree. Similarly, a matrix is either sym-
metric or not symmetric; it cannot be somewhat
symmetric or more or less symmetric or symmet-
ric to a degree. By the same token, a paper pub-
lished in a mathematical journal is expected to
contain precisely stated definitions, assumptions
and theorems. Generally, a paper would not be ac-
ceptable for publication if its conclusions are stat-
ed as assertions which are not unequivocally true.

In sharp contrast to the idealized world of
mathematics, our perception of the real world is
pervaded by concepts which do not have sharply
defined boundaries, e.g., tall, fact, many, most,
slowly, old, familiar, relevant, much larger than,
kind, etc. A key assumption in fuzzy logic is that
the denotations of such concepts are fuzzy sets, that
is, classes of objects in which the transition from
membership to non-mermbership is gradual rather
than abrupt. Thus, if 4 is a fuzzy set in a universe
of discourse U, then every member of U has a grade
of membership in A which is usually taken to be
a number between 0 and 1, with 1 and 0 represent-
ing full membership and non-membership, respec-



tively. The function which associates with each
object its grade of membership in A is called the
membership function of A. This function defines
A as a fuzzy subject of U.

It is important to observe that there is an in-
timate connection between fuzziness and complex-
ity. Thus, a characteristic of the human brain,
which it shares in varying degrees with all infor-
mation processing systems, is its limited capacity
to handle classes of high cardinality, that is, class-
es having a large number of members. Consequent-
ly, when we are presented with a class of very high
cardinality, we tend to group its elements together
into subclasses in such a way as to reduce the com-
plexity of the information processing task involved.
When a point is reached where the cardinality of
the class of subclasses exceeds the information han-
dling capacity of the human brain, the boundaries
of the subclasses are forced to become imprecise
and fuzziness becomes a manifestation of this
imprecision. This is the reason why the limited
vocabulary we have for the description of colors
makes it necessary that the names of colors such
as red, green blue, purple, etc., be, in effect, names
of fuzzy rather than non-fuzzy sets. This is also
why natural languages, which are much hgiher in
level than programming languages, are fuzzy
whereas programming languages are not.

Fuziness, then, is a concomitant of complex-
ity. This implies that as the complexity of a task,
or of a system for performing that task, exceeds
a certain threshold, the system must necessarily be-
come fuzzy in nature. Thus, with the rapid increase
in the complexity of the information processing
tasks which the computers are called upon to per-
form, we are reaching a point where computers will
have to be designed for processing of information
in fuzzy form. In fact, it is the capability to
manipulate fuzzy concepts that distinguished hu-
man intelligence from the machine intelligence of

current generation computers. Without such capa-
bility we cannot build machines that can summa-
rize written text, translate well from one natural
language to another, or perform many other tasks
that humans can do with ease because of their abil-
ity to manipulate fuzzy concepts.

It should be noted that the door to the de-
velopment of fuzzy computers was opened in 1985
by the design of the first fuzzy logic chip by Togai
and Watanabe at Bell Telephone Laboratories. The
conception and design of a fuzzy computer is one
of the basic research projects at LIFE, as well as

in Professor Yamakawa’s laboratory at Kyushu In-
stitute of Technology. Such a computer may well
become a reality during the coming decade. It
should be stressed, however, that fuzzy computers
will employ both fuzzy hardware and fuzzy soft-
ware to process fuzzy information. In this and
other respects they will be much closer in structure
to the human brain than the present-day computers
are.

To be able to say more about fuzzy logic and
its application, I will have to clarify some of the
issues underlying the concept of a fuzzy set. For
this purpose, let us consider a concept, say kind
person, which does not admit of a precise defini-
tion in terms of a collection of necessary and suffi-
cient conditions. Such a concept may be defined
extensionally by associating with each individual
who is a member of a universe of discussion U, his
or her grade of membership in the fuzzy set of kind
persons.

For example, the grade of membership of
Robert might be 0.6, while that of Carol might be
0.9. These numbers would be elicited from an ob-
server by asking the question ‘‘On the scale of from
0 to 1, to what degree is Carol kind? What is im-
portant to note is that the numbers in question are
subjective in nature. In the case of Carol, for ex-
ample, the number 0.9 would not be interpreted
as a measure of consensus. That is, as the propor-
tion of individuals who when asked if Carol is kind
would respond in the affirmative; nor should 0.9
be interpreted as the probability or the belief that
Carol is kind. In this connection, it should be not-
ed that, in general, it is much easier for us to esti-
mate numerical grades of membership than to
estimate numerical probabilities.

In the case of a quantifiable concept, the
membership function may be represented as a func-
tion may be represented as a function of one or
more measurable attributes. For example, in the
case of a young person, the attribute in question
would be Age. In this case, the universe of dis-
course may be taken to be the interval [0,120], and
the grade of membership in the class of young peo-
ple of a person who is, say, 85 years old might be
0.6.

Clearly, the concept kind person and young
person are both context-dependent and subjective.
Some concepts are more context-dependent than
others. For example, many is more context-
dependent than several, and small is more context-



dependent than circular. As will be seen at a later
point, in the theory of fuzzy sets, context-
fdependence plays a key role in the concept of the
so-called luinguistic variable.

It should be noted that the grade of member-
ship may be interpreted as the truth value of a
predicate in multivalued logic. For example, the
grade of membership of Carol is the class of kind
persons may be equated to the truth value of the
proposition ‘‘Carol is kind.”” However, the de-
velopment of the theory of fuzzy sets and fuzzy
logic has followed a path quite different from that
of multivalued logic. As an illustration, in the con-
text of the theory_of fuzzy sets it is natural to ask
the question ‘“What is a convex fuzzy set, or what
is meant by the convex hull of a fuzzy set?’’ This
would not be a natural question in multivalued
logic. In a more general setting, the theory of fuz-
zy sets has stimulated the development of a new
branch of topology called fuzzy topology, which
is a sophisticated mathematical theory in the clas-
sical tradition. The conceptual framework of fuz-
zy topology is related to that of the theory of fuzzy
sets but not to multivalued logic.

So far as fuzzy logic is concerned, it may be
viewed in two different perspectives: (a) as a branch
of the theory of fuzzy sets; and (b) as a generali-
zation of multivalued logic and, especially, as a
generalization of Lukasiewicz’s L’Alephl logic.
Regardless of the perspective in which it is viewed,
fuzzy logic is substantially different in both spirit
and detail from the traditional logical systems and
provides a much more general framework for
knowledge representation and inference.

Among the features of fuzzy logic which are
not possessed by tradtional logical systems are the
following:

(a) In fuzzy logic the truth values are allowed to
be fuzzy sets labeled true, quite true, very true,
more of less true, mostly true, etc. Thus, the
truth value of a proposition such as ‘‘ The crime
rate in Japan is very low,”’ may be very true,
with very true representing a fuzzy subset of
the unit interval.

(b) Classical logical systems, including multivalued
logic, allow the use of only two quantifiers, for
all (universal quantifier) and there exists (ex-
istential quantifier). In fuzzy logic, the quan-
tifiers such as most, many, few, several,
usually, etc. are interpreted as fuzzy numbers
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which serve to describe the absolute or relative
cardinalities of fuzzy sets. The importance of
this interpretation derives from the fact that,
through the use of fuzzy arithmetic, fuzzy logic
provides a computational framework for
representing the meaning of propositions in a
natural language which contain fuzzy
quantifiers—as most propositions in a natur-
al language do. This capability of fuzzy logic
plays a particularly important role in the
representation and inference from imprecise
facts and rules in knowledge-based systems.
(c) From the frequentist point of view, fuzzy quan-
tifiers bear a close relation to fuzzy probabili-
ties, e.g., likely, not very likely, unlikely, etc.,
which underlie much of the commonsense
reasoning which we employ in our daily
decision-making Through the connection be-
tween fuzzy quantifiers and fuzzy probabilities,
fuzzy logic provides a machinery for qualita-
tive decision analysis in which fuzzy utilities are
computed from fuzzy probalbilities and fuzzy
payoff functions. Once the fuzzy utilities are
known, techniques for the ranking of fuzzy
numbers may be employed to determine an op-
timal course of action.

(d) The conventional approaches to meaning
representation in natural languages are based
for the most part on predicate logic and its var-
iants. Such approaches do not address an im-
portant issue, namely the role played by hedges,
e.g., very, more or less, quite, somewhat, ex-
tremely, etc. By contrast, fuzzy logic provides
a mechanism for dealing with such hedges by
interpreting them as operators which act on
fuzzy predicates. For example, to a first ap-
proximation, the hedge very may be assumed
to act as a squaring operator, meaning that the
membership function of very tall is the square
of the membership function of zall.

As a consequence of having the capability to
deal with (a) fuzzy predicates, (b) fuzzy truth
values; (c¢) fuzzy quantifiers; (d) fuzzy probabili-
ties; and (e) hedges, fuzzy logic has a far greater
expressive power than traditional logical systems.
What this means is that if we were to pick at ran-
dom a sentence in a book or a newspaper, it would
be very unlikely that its meaning could be represent-
ed in first-order predicate logic, since a typical sen-
tence in a natural language contains one or more
words which are labels of fuzzy predicates. For ex-
ample, in the sentence It is very unlikely that there



will be a significant increase in unemployment in
the near future, very unlikely is a fuzzy probabili-
ty, significant increase is a fuzzy predicate, and so
18 in the near future. The presence of these predi-
cates presents an obstacle in the way of applica-
tion of first-order predicate logic. By contrast, it
is a simple matter to represent the meaning of
propositions of this type in fuzzy logic by employ-
ing the techniques provided by so-called fest-score
semantics. In this semantics, the meaning of a
proposition is expressed as a procedure which tests
the elastic constraints induced by the fuzzy predi-
cates and computes the degree of compatibility of
a proposition with an explanatory database. Once
the meaning of a proposition is expressed in this
manner, the inference techniques of fuzzy logic
may be employed to reduce to the solution of a
mathematical program the problem of deduction
of an answer to a query.

By providing a body of computationally-
oriented concepts and techniques for dealing with
uncertainty and imprecision, fuzzy logic comes
much closer to serving as a descriptive model of
human reasoning than traditional logical systems.
In this way, fuzzy logic opens the door to many
applications which fall beyond the reach of con-
ventional logic-based methods as well as the
methods based on classical probability theory. I will
not attempt to be more specific at this point by list-
ing the many imporant applications of fuzzy logic
which have been made over the past few years, es-
pecially in Japan. It will suffice to mention the
highly successful subway system in the city of
Sendai which started operating in July, 1987, and
has received world-wide recognition. At this junc-
ture, the number of applications of fuzzy logic is
growing rapidly in number and variety, with the
Japanese scientists and engineers, supported by the
government and industry, playing a leading role in
the development of a wide-ranging technological
and scientific base for future applications.

Most of the applications of fuzzy logic involve
three basic ideas which were put forth in my 1973
paper, ‘‘Outline of a New Approach to the Anal-
ysis of Complex Systems and Decisions Processes.”’

The first idea relates to the concept of a lin-
guistic variable. A linguistic variable, as its name
suggests, is a variable whose values are words or
sentences in a natural or synthetic language. For
example, if the variable height is treated as a lin-
guisitic variable, its values might be expressible as
tall, not tall, somewhat tall, very tall, not very tall,
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very very tall, tall but not very tall, quite tall, more
tall or less tall. Thus, the values in question are sen-
tences formed from the label tal/, the negation not,
the connectives and and but, and the hedges very,
somewhat, quite, and more or less. The motiva-
tion for the use of linguistic variables rests on what
might be called the principle of minimum specific-
ity. The basic idea underlying this principle is that
precision and hence specificity carry a coat and thus
should not be used unnecessarily. For example, if
I were asked ‘“What is Mary’s age?’’ normally I
would not respond by saying twenty three years and
five months and five days because such a degree
of specificity would not serve a useful purpose.
Typically, my response might be young or very
young. If the specificity of these terms would be
sufficient for the purpose. The guiding principle,
then, is do not be more specific than is necessary.
This is the essence of the principle of minimum
specificity.

Viewed in this perspective, the basic idea be-
hind the concept of a linguistic variable is that,
although linguistic values are less specific than nu-
merical values, they are in many instances suffi-
ciently specific for the purpose on hand.

As a very simple illustration, suppose that we
wish to describe in approximate terms the relation
between two linguistic variables, Age, which can
take the values young, middle-aged, and Color-of-
hair, which can take the values black, gray and
white. The relation in question may be expressed
as three if-then rules:

If Age is young then Color-of-hair is black.

If Age is middle-aged then Color-of-hair is
gray

If Age is old then Color-of-hair is white

Fuzzy if-then rules of this type were employed
by Mamdani and Assilian in 1974 in their seminal
work on the fuzzy control of a steam engine. In
the intervening years, fuzzy logic control has been
employed with considerable success in a wide var-
iety of systems ranging from the Sendai subway to
Sugeno’s fuzzy car and Yamaichi’s fund manage-
ment system. We can expect the application of fuz-
zy logic control to be greatly accelerated by the
availability of fuzzy logic chips which are current-
ly in the initial stages of production and testing.
These chips are the descendants of the fuzzy logic
chips conceived by Togai and Watanabe in 1985.

The second basic idea is that of a canonical
JSorm. Basically, the concept of a canonical form



serves to eXpress a proposition in a natural language
as an elastic constraint on a variable. For exam-
ple, in the case of the proposition Mary is young,
the constrained variable is Mary’s age, written as
Age(Mary), and the elastic constraint on the vari-
able is defined by the fuzzy predicate young. In its
canonical form, then, the proposition Mary is
young would be expressed as Age(Mary) is young,
which places in evidence that the meaning of the
proposition in question may be represented as an
elastic constraint, young, with the constrained vari-
able being Age(Mary). In this way, a collection of
propositions may be expressed as a system of elastic
constraints, and the deduction of an answer to a
query reduces to the solution of a nonlinear
program.

In addition to providing a system for
representing the meaning of propositions in a
natural language, the concept of a canonical form
in combination with the concept of a linguistic vari-
able serves to provide a basis for the representa-
tion of qualitative dependencies in systems such as
economic systems and complex control systems,
which are not sufficiently well defined to admit of
analysis by conventional methods. As was allud-
ed to already, many of the practical applictions of
fuzzy logic make use of a qualitative characteriza-
tion of input-output relations in the form of fuzzy
if-then rules in which the antecedent and conse-
quent propositions are expressed in canonical form.

The third basic idea in fuzzy logic is that of
interpolative reasoning. As its name suggests, in-
terpolative reasoning is concerned with a mode of
reasoning in which the available information is in-
complete, so that an interpolation of the available
data is required to arrive at an approximate answer
to a query. A special case of interpolative reason-
ing is analogical reasoning, in which the concept
of similarity plays a central role. In interpolative
reasoning, a comparable role is played by the
degree of match between fuzzy predicates.,

As a simple illustration of interpolative
reasoning, assume that we have two variables X
and Y and we know that when X is small Y is large,
and Y is small when X is large. The question is:
What is the value of Y when X is, say, medium?

The inference rules of fuzzy logic provide a
method for computing approximate answers to
questions of this type. I cannot go into the techni-
cal details of the method in question, but it will
suffice to observe that it plays a key role in fuzzy
logic control, especially in industrial applications.
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In such applications, as well as in the realm of ex-
pert systems, the importance of interpolative
reasoning derives from the fact that the ability to
interpolate greatly reduces the need for a large
number of if-then rules in the knowledge-base. In
this connection, it is of interest to observe that
much of human reasoning is interpolative in na-
ture, and that the ability to interpolate depends in
an essential way on the remarkable human ability
to manipulate fuzzy concepts without a conscious
use of the underlying mathematical structure.

I should like to conclude my talk with an op-
timistic forecast. The past decade has witnessed a
rapid growth in the industrial applications of fuz-
zy logic, especially in Japan. Most of these appli-
cations involve the replacement of a skilled human
operator by a fuzzy rule-based system. The com-
ing decade will withness a maturing of fuzzy logic
and the development of fuzzy computers which will
make it possible to replace not just skilled opera-
tors but, more importantly, experienced experts.
We are beginning to see such applications is the
realms of medicine, securities transactions and
computer-aided design. And we are likely to see
important applications involving a symbiosis of
fuzzy logic and neutral networks. This may well
prove to be a highly promising direction for future
research.

Finally, a word of caution. Although fuzzy
logic has a much longer reach than traditional log-
ical systems, it has its limitations. There are and
will be many tasks which humans can perform with
ease which lie beyond the capability of any com-
puter, any machine and any logical systems that
we can conceive of today. A simple example of such
a task is that of summarizing a non-stereotypical
story or a book. At this juncture, we cannot see
even dimly the structure of a logic that could be
used to perform tasks of this type.





