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REPORTS AND ARTICLES

COPING WITH THE IMPRECISION OF

THE REAL WORLD

An Interview with Lotfi A. Zadeh

The tools researchers use to probe certain Al problems, says this Berkeley
professot, are sometimes too precise to deal with the “fuzziness” of the real

world.

Q. Professor Zadeh, in this interview today, you
agreed to talk mainly about the limits of traditional
logic in dealing with many of the problems in the field
of artificial intelligence (Al) and your approach to-
ward helping to overcome those difficulties. Before
getting into those issues, though, could you first give
our readers a brief overview of what you see as the
major areas for computer applications in the years
ahead?

ZADEH. In the years ahead, there will be three major
areas of compuler applications. One, in the traditional
vein, is the use of computers for purposes of numerical
analysis. Numerical analysis will be very important in a
number of fields—particularly in scientific computa-
tions and simulation of large-scale systems.

For such purposes, there will be a need for larger and
larger computers. This is especially true for applications
in meteorology, in nuclear physics, in modeling of
large-scale economic systems, in the solution of partial
differential equations, and in the simulation of complex
phenomena like turbulénce, fluid flow, ete.

Area number two will be concerned with masses of
data—large databases. This is the sort of thing that is
playing and will be playing an important role in bank-
ing, insurance, records processing, information re-
trieval, etc. What will be important in these areas is not
so much number-crunching capabilities as the capabil-
ity to store massive amounts of data and to access
whatever data are needed rapidly and at a reasonably
low caost.

Furthermore, in these areas, computer networking, of
course, will be playing an essential role. For you will
have ta have access not just to a single database but to
a collection of interconnected databases. In response to
this need, we will see many advances in computer net-
working during the next several years.

The third major area for computer applications is
what has come to be known as knowledge engineering.
This area has received considerable publicity during
the past few years, particularly since the Japanese have
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highlighted it as an area of prime concern. This is a
rapidly growing field in terms of importance and
breadth of applications.

Knowledge engineering is one of the major areas of
AL And within knowledge engineering, a field of pri-
mary importance is that of expert systems. True, there
may be exaggerated expectations of what expert sys-
tems can accomplish at this juncture, but as Jules
Verne observed at the turn of the century, scientific
progress is driven by exaggerated expectations.

So we have these three major areas for computer
applications in the years ahead. All will be growing in
importance. But knowledge engineering, I think, will be
growing in importance more rapidly than the other
two, because it is the youngest and, in a sense, the most
pervasive of the three.

In saying that knowledge engineering is going to be-
come very important, I don't want to imply that the
other two will become less important. They will be-
come more important also. But in relative terms,
knowledge engineering will certainly be much more
important than it is today. ,

Now, what I'm going to say will relate to this third
area, rather than the first two.

Q. Do you see supercomputers playing an important
role only in the area of numerical analysis?

ZADEH. Supercomputers pertain to all three areas:
numerical analysis, large databases, and knowledge engi-
neering. But they apply primarily to the first area: nu-
merical analysis. There is at this point some contro-
versy as to how the available research funds should be
distributed between the efforts to build supercomputers
and to build machines that will be Al oriented.

These are somewhat distinct efforts. The Japanese are
pushing hath of them. And in the United States, the
emphasis on Al-oriented types of computers is just be-
ginning to become strong, largely as a reaction to the
Japanese effort. As you may know, Edward Feigenbaum
of Stanford University is a leading advacate of the es-
tablishment of a [U.S. National Center for Camputer
Technology as a rallying point for the 1.S. effart.
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Q. TI'm not perfectly clear on the distinction between
a supercomputer and an Al-oriented device, which I
believe is sometimes referred to as a fifth generation
computer. Could you clarify?

ZADEH. Fifth generation has become somewhat of a
misnomer. Basically, the Fifth Generation Project is
perhaps the most publicized of the several ambitious
research programs undertaken by the Japanese. An-
other one of those programs is called the Supercompu-
ter Project.

The Fifth Generation Project is not hardware ori-
ented. Rather it is intended to exploit the advances in
hardware that might be achieved under the other proj-
ects in the overall program.

For supercomputers, the emphasis is on large-scale
computations relating o scientific and technological ap-
plications. For Al-criented computers, on the other
hand, the emphasis is shifted away from “data” to
“knowledge.”

What matters in the case of these Al-oriented com-
puters is their ability to infer from the information resi-
dent in a large knowledge hase—especially when this
information is imprecise, incomplete, or not totally reli-
able.

We can expect that advances in the design of super-
computers—on both the hardware and the software
levels—will have a significant impact on the architec-
ture of Al-oriented machines,

Of course, the supercomputer is not a unique con-
cept. It can take a variety of forms. Parallel processing
may play a major role in Al-oriented applications—
especially in pattern recognition, natural language proc-
essing, and inference froim large knowledge bases.
Whether this will actlially happen within the next dec-
ade is a matter of conjecture.

During the past 20 years, parallel processing has been
a highly promising area for research. Yet what could
actually be accomplished with parallel processing has
always lagged behind expectations. At this juncture,
however, it's possible that important breakthroughs
may be around the corner.

Biit there are many problems in Al that will not be
helped to an appreciable extent by the availability of
supercomputers, whether they will be von Neumann-
type supercomputers or some other kind. The reason
why this is 50 is because the liniitation is not so mich
computing power, but our lack of understanding of
some of the processes required to perform even simple
cognitive tasks.

Lotfi A. Zadeh, a professor of electrical engineering and computer
science, has been a member of the faculty at the University of Califor-
nia at Berkeley since 1959, Born in the Soviet Linion of Iranian par-
ents, Zadeh came to the U5, in 1944 and studied at MIT and
Columbia, from which he got his Ph.D. in 1949. After serving on
the Columbia faculty during the 1950s, Zadeh went to Berkeley.
Dissatisfied with the use of very precise mathematics to describe the
sometimes highly timprecise veal world, Zadeh, during the 1960s,
developed the theory of fuzzy sets. In recent years, his controversial
ideas on “fuzzy thinking” have begun to win a following in some
quariers of the world.
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Q. You say that there are many problems that won't
be solved by the availability of supertomputers. Could
you give an example of such a problem?
ZADEH. 1l.et me start with a problem basic 1o most
other problems: the problem of summarization. Now,
when I talk aboul summarizaiion, T am not talking
about summarizing a short stereotypical story. That ca-
pability we have, thanks to Roger Schank, his associates
at Yale University, and others within the Al commu-
nity.

But what we have no understanding of, whatsoever,
is how to summarize a nonstereotypical story that is
not a short story.

Q. Could you give an example of a stereotypical
story?

ZADEH. An example would be accounis of autamo-
bile accidents. They tend to be stereolypical. In other
words, in the story there is an indication of what kind
of accident it was, when it occurred, where it occurred,
whether there were injuries, etc.

(0. Isee. It has a predetermined structure?

ZADEH. Yes. When | say stereotypical, I mean it has a
predetermined structure. So if you have a predeter-
mined structure, then you can understand the story
and you can summarize it.

Now, the reason why summarization is so difficult—
it is far more difficull than machine translation from
one language to another language—is because summa-
rization requires understanding. And the ability of a
computer to summarize a short, stereotypical story
would be a little bit like the ability of a person who
sees a story of that kind in the newspaper and doesn’t
understand completely the language in which the stary
is written. Nonetheless, he can discern a few words
here and there and, on that basis, summarize the story.
Many people coild do that if they have some minimal
competence in the language in which the story is writ-
ten. But that minimal competence is completely inade-
guate when it comes to summarizing something that is
not stereotypical and not short.
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Q. You said that it is very difficult and often impos-
sible al present to write a program to summarize a
story. So why is that an important point?
ZADEH. The ability to summarize is an acid test of
the ability to understand, which in turn is a test of
intelligence and competence. Suppose I asked a person
not familiar with mathematics to summarize a paper in
a mathematical journal. It would be impossible for him
to summarize it, because he doesn't understand what
that paper is about, what the results are, what the sig-
nificance is, and so forth.

So in a situation like that, it wouldn't help us to have
a supercomputer. It wounldn’t help us to have all the
supercomputers in the world put together, That’s not
where the problem lies.

Q. Professor Zadeh, could you give me a few other
examples of problems that will still defy solution even
with major advances in supercomputer design?
ZADEH, Take the problem of identification of ethnic
origin. Humans can do that. You can look at a person
and say, “Gee, he looks Irish,” or whatever. Now, it
would be impossible at this point to write a program
that would look at somebody’s picture and identify the
ethnic origin of that person. T don’t want to say that it’s
impossible period. I'm merely saying that at this mo-
ment it's impossible.

Anather problem is estimation of age. Assume Lhat
you look at somebody, and you say, “Well, this person
must be around 35.” Again, we cannot write a program
that would enable a computer to do it at this point. And
we can't put our finger on subtle differences, like the
difference between a person who is 20 years old and
somebody who is 10.

Q. Why is that? Why is it impossible to write a pro-
gram to estimate a person’s age from an analysis of
physical features?

ZADEH. Because we don't understand too well how
we arrive at assessments of that kind. [n other words, in
order to write a program, we have to have an under-
standing of haw we do it. The limitation in problems of
this kind is that we cannot articulate the rules that we
employ subconsciously to make that kind of an assess-
ment.

Of course, you know, there are certain things that
might not be so difficult. It’s naot so difficult to differen-
tiate between a person who is 70 years old and a person
who is, for instance, 5 vears old. But I'm talking about
kinds of problems in the estimation of age that are not
as trivial as that. And we know that you cannot base it
entirely cn wrinkles or color of hair. It’s the totality of
these things put together that enable us to make an
assessment.

Still another problem of that same type is the prob-
lem of the identification of a musical tune. People can
identify a tune if they hear just a few bars. They gener-
ally can guess who the composer is, even though they
may never have heard this piece before. In other words,
there’s something about the way the music composed
by a particular composer sounds that makes it passible
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for us to say, “Well, this is Mozart,” even though we
may never have heard that piece before,

Again, if somebody asked how you guessed that it
was Mozart, you would not be able to put down on
paper the criteria that you have emploved.

Q. You're saying that this process of recognizing that
a short burst of music is from Mozart, Beethoven, or
someone else is something going on unconsciously or
intuitively?

ZADEH. 1t's something that we can do without being
able to articulate the rules. In other words, the deci-
sional algorithms that we employ for this purpose are
opaque rather than transparent,

The problems that | mentioned—ethnic origin identi-
fication, age estimation, composer identification, or
tune recognition—~all of these are problems in pattern
recognition. Many of these problems are far from solu-
tion at this point. And they present right now a stum-
bling block to such applications as speech recognition
for connected speech.

{). What is the point of all these examples? What is
the lesson here?

ZADEH. WhatI have said so far is intended merely 1o
give the reasons for my feeling that the availability of
supercomputers will not help us much in solving prob-
lems of that kind. This is the issue that I was really
addressing myself to.

But at this point, all I'm trying to say is that the
supercomputer effort and the Al-oriented type of com-
puter effort to develop machines that can perform non-
trivial cognitive tasks are not quite the same. There is
some interaction between them, but they are qualita-
tively different.

Let us return now to area number three, knowledge
engineering. What [ have to say here will be at consider-
able variance with the widely held positions within the
Al community.

Al, as we know it today, is based on two-valued
logic—that is, the classical Aristotelian logic. And it is
generally assumed that all vou need as a foundation of
Al is first-order logic.

Q. You say that Al today is based on two-valued
logic. Is that a yes-or-na kind of logic?

ZADEH. Yes, that's right. It's a yes-or-no kind of logic.
Actually, two-valued logic encompasses a variety of
logical systems, all of which share the basic assumption
that truth is two-valued, One of these logical systems is
what is called first-order logic. And so the assumption
that many people make is thal first-order logic, perhaps
with some modifications, is sufficient.

Q. Does a simple example come to mind of first-or-
der logic?

ZADEH. Well, suppose you say, “All men are mortal.
Socrates is a man. Therefore Socrates is mortal.” This
would be a very simple example of reasoning in first-
order logic.
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Briefly, within the Al community at this point, there
are two camps. One camp, the conservative camp, takes
the position that Al, and more generally knowledge en-
gineering, should be based on logic, and in particular
on first-order logic. One of the main proponents of this
view is John McCarthy of Stanford University. Other
prominent proponents include Nils Nilsson of SRI,
Wolfgang Bibel of the University of Munich, Rebert Ko-
walski of London, and Alain Colmerauer of Marseilles,
France.

Now the other camp takes the position that logic is of
limited or no relevance to Al. They believe that first-
order logic is too limited to be able to deal effeclively
with the complexity of human cognitive processes. In-
stead of systematic, logical methods, this second camp
relies on the use of ad hoc techniques and heuristic
procedures. The prime exponents of this position are
Roger Schank of Yale University and, more recently
and less emphatically, Marvin Minsky of MIT.

Q. How does your position, Professor Zadeh, differ
from those in the two Al camps you mentioned—the
conservatives who believe in first-order logic and the
other camp that believes logic has only limited rele-
vance?

ZADEH. The position that I take—and this is really
what differentiates me from most of the people in AI—
is that we need logic in Al But the kind of logic we
need is not first-order logic, but fuzzy logic—that is, the
logic that underlies inexact or approximate reasoning.

I feel this way because most of human reasoning—
almost all of human reasoning—is imprecise. Much of
it is what might be called commaon sense reasoning,
And first-order logic is much too precise and much too
confining to serve as a good model for common sense
reasoning.

The reason why humans can do many things that
present-day computers cannot do well or perhaps even
at all is because existing computers employ two-valued
logic.

To put it another way, the inability of today’s com-
puters to solve some of those problems I mentioned
earlier is not that we don’t have enough computing
capacity. Rather, the computers we have today—in
terms of both hardware and software—are not oriented
toward the processing of fuzzy knowledge and common
sense reasoning. This is where the problem lies in my
view.

(2. Daoesn’t that view—the idea that computers don’t
mimic human thought processes very well—imply
that there is something sacred about the way human
beings think? Isn't it possible that the way humans
think about things is not very good and that it might
be possible to conceive an artificial way of thinking
that is superior?

ZADEH. Of course, one could take the position, as
some workers in Al do, that it is not essential to mimic
the human mind in the design of Al systems. One argu-
ment is that when we design an aircraft, so goes one of
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the arguments, we don’t design it like a bird. But some-
how this plane-design analogy doesn’t seem to pertain
to the design of Al systems. For when we actually at-
tempt to build Al systems that can perform humanlike
cognitive tasks we invariably seem o come back to the
human model. The human model is a pretty good
one—hetter than many people thought.

Q. Could vou elaborate a bit more on just what fuzzy
lagic is?

ZADEH. Let me do that. [ will explain the main dif-
ferences between fuzzy logic and classical two-valued
logic. In classical two-valued systems, all classes are
assumed to have sharply defined houndaries. So either
an object is a member of a class or it is nat a member of
a class.

Now, this is okay if you are talking about something
like mortal or not mortal, dead or alive, male or female,
and so forth. These are examples of classes that have
sharp boundaries.

But mast classes in the real world do not have sharp
boundaries. For example, if you consider characteristics
ot properties like tall, intelligent, tired, sick, and so
forth, all of these characteristics lack sharp boundaries.
Classical two-valued logic is not designed to deal with
properties that are a matter of degree. This is the first
point.

Now, there is, of course, a generalization of two-val-
ued logic. And these generalized logical systems are
called multivalued logics. Sa in multivalued logical sys-
tems, a property can be possessed to a degree.

Q. I'm not perfectly clear here. Consider the word
“tall.” Are you saying “tall” can take on multiple val-
ues?

ZADEH. Yes, tallness becomes a matter of degree, as
does inlelligence, tiredness, and so forth. Usually you
have degrees between zero and one. So you can say, for
example, that a person is tall to the degree 0.9. These
degrees are grades of membership that may be inter-
preted as truth values.

In classical logic, there are just two truth values:
true/false (or one and zero). In multivalued logical sys-
tems, there are more than two truth values. There may
be a finite or even an infinite number of truth values,
that is, an infinite number of degrees to which a prop-
erty may be possessed.

In a three-valued system, for instance, something can
be true, false, or on the boundary. Or you can have
systems in which one has a continuum of truth values
from zero to one.

Q. Who first developed multivalued logic?

ZADEH. The person best known in that connection is
a Polish mathematician by the name of J. Lukasiewiecz.
He first developed the concept of multivalued logic
during the 1920s.

Q. Could you give an example or two of a situation

that requires multivalued logic?
ZADEH., Well, you would need a multivalued system
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to be able to say something like “John is tall.” For tall is
a property lhat requires an infinity of truth values to
describe it. So something as simple as “John is tall”
would require multivalued logic—unless you arbitrar-
ily establish a threshold by saying “somebady over 6
feet tall is tall, and those who are less than 6 feet tall
are not tall.” In other words, unless you artificially in-
troduce some sorl of a threshold like that, you will
need multivalued logic.

But even though these multivalued logical systems
have been available for some time, they have not been
used to any significant extent in linguistics, in psychol-
ogy, and in other fields where human cognition plays
an important role.

Q. Why hasn’t multivalued logic been used?
ZADEH, The reason such systems haven’t been used
is that multivalued logic doesn’t go far enough. And
this is where fuzzy logic enters the picture.

What differentiates fuzzy logic from multivaiued
logic is that in fuzzy logic you can deal with fuzzy
quantifiers, like “most,” “few,” “many,” and “several.”

Fuzzy quantifiers have something to do with enu-
meration, that is, with counting. But they are fuzzy
because they don’t give you the count exactly, but fuz-
zily. For instance, you say “many” or “most.”

In multi-valued logic you have only two quantifiers,
“all” and “some,” whereas in fuzzy logic you have all
the fuzzy quantifiers. This is one of the important dif-
ferences.

LT

Q. Now are those the only fuzzy quantifiers?
ZADEH. Well, the ones that [ menticned are merely
examples. In reality, there is an infinite number of
fuzzy quantifiers. For example, you can say “not very
many,” “quite a few,” “many more than 10,” “a large
number,” “many,” “few,” or “very many.” There is an
infinite number of ways in which you can describe in
an approximate fashion a count of objects.

o "o

Q. Besides the fuzzy quantifiers, what else distin-
guishes fuzzy logic from multivalued logic?

ZADEH. Another key difference is that in fuzzy logic
truth itself is allowed to be fuzzy. So it is okay to say
that something is “quite true.” You can say “it’s more or
less true.” You can also use fuzzy probability like “not
very likely,” “almost impassible,” or “rarely.” In this
way, fuzzy logic provides a system that is sufficiently
flexible and expressive to serve as a natural framework
for the semantics of natural languages.

Furthermore, it can serve as a basis for reasoning
with common sense knowledge, for patiern recognition,
decision analysis, and other application areas in which
the underlying information is imprecise. Within the re-
stricted framework of two-valued and even multival-
ued systems, these problem areas have proved to be
difficult to deal with systematically.

The crux of the problem, really, is the excessively
wide gap between the precision of classical logic and
the imprecision of the real world.
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Q. Does fuzzy logic, then, provide a good match with
the imprecise real world?

ZADEH. Idon't wish to imply that fuzzy logic is in
any sense an ultimate system. I do believe, however,
that it is far better suited for dealing with real-world
problems than the traditional logical systems.

Q. At this juncture, Professor Zadeh, could you en-
capsulate what you feel is your most important point
so far?

ZADEH. Yes. It is that the limitation in knowledge
engineering is not the unavailability of supercomputers.
But it is the fact that computers—both their hardware
and software—are based on a kind of logic thal is not a
good model for human reasoning,

Ultimately, the problem lies at the hardware level.
For computers are basically digital devices: they deal
with discrete bits of information. Fuzzy information, on
the other hand, is not discrete. With fuzzy information,
one thing merges into another.

Now an important point is this: even though present-
day computers are based on two-valued logic, they can
be programmed to process fuzzy information using
fuzzy logic. But doing this does not represent an effi-
cient use of the computational capabilities of present-
day computers.

Q. You're saying there are problems with both the
hardware and the software of existing computer sys-
tems, but that you can overcome them so that tradi-
tional computers can still handle fuzzy information?
ZADEH. Yes, yvou can overcome the hardware limita-
tions of current computers with software. But doing
that involves an inefficient use of computers.

The abhility of the human mind to reasan in fuzzy
terms is actually a great advantage. Even though a tre-
mendous amount of information is presented to the hu-
man senses in a given situation—an amount that would
choke a typical computer—somehow the human mind
has the ability to discard most of this information and
to concentrate only on the information that is task rele-
vant. This ability of the human mind to deal only with
the information that is task relevant is connected with
its ability to process fuzzy information. By concentrat-
ing only on the task-relevant information, the amount
of information the brain has to deal with is reduced to a
manageahle level.

Q. So you can work with traditional computers, but
they are inefficient because they are fundamentally
incompatible with fuzzy information. What kind of
computer could you use then?
ZADEH. At some point, we may be able to conceive
computers that are radically different from existing
computers in that the operations they perform are
rooted in fuzzy rather than two-valued logic. In other
words, thev may need a different kind of hardware.
There has been talk about “chemical,” “biological,” or
“molecular” computers.
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Some imaginative thinkers are talking about com-
puters of that kind, but we don’t have them yet.

Q. What is a molecular computer?

ZADEH. s difficult to say. Bul if you compare the
way the human brain works with the way a modern
computer works, I think that you will find there are
some fundamental differences. The human brain, in a
way that we don't understand too well at present, uses
fuzzy logic.

So the hardware—if you may call it that—of the hu-
man brain is the kind of hardware that is effective for
manipulating imprecise information. When cne uses
the term molecular computer, or biclogical computer or
chemical computer, what one has in mind is something
that approximates the way in which the human brain
processes information. And therein lies a fundamental
challenge: how tao develop a better understanding of
how the human brain processes this fuzzy infarmation
so effectively.

Q. How much is presently understood about how the
brain processes information?

ZADEH. Scientists know a lot about the functioning
of the brain at the neuron level. But how does the
activity at that level aggregate into thinking processes?
Trying to understand the brain at the neuron level is
like trying to understand the functioning of a telephone
system in a large city by examining the wiring of a
telephone set. We can understand something on the
microlevel but are unable to integrate that into an un-
derstanding of functioning on higher levels.

Q. 1don’t completely understand your reasons for
writing off traditional computers. Maybe people hav-
en’t tried hard enough or long enough, as yet, to make
them work for certain AT applications?

ZADEH. In fact, I'm not writing off traditional com-
puters in regard to their ability to process fuzzy infor-
mation, Rather, my position is that we do not have a
good understanding at this point as to how to use them
efficiently for handling fuzzy information.

In fact, [ believe that there will be a growing number
of applications of fuzzy logic in a wide variety of fields
using present-day computers. But, ultimately, to
achieve a higher level of efficiency, it may be necessary
to employ computers that are specially designed for
dealing with fuzzy information.

To give one example, speech recognition is a problem
far from a satisfactory solution. We do have speech
recognition systems with limited capability to under-
stand speech. But all of these systems do not scale up.
That is, they can not be merely modified and improved
in an evolutionary way until they come close to the
human ability to understand speech. So it's obvious
that what is needed is an altogether different approach.

Q. TI'm not perfectly clear when you say these sys-

tems won't scale up. Could you expand on that point?
ZADEH. Yes. In some situations we have a system
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that has a limited capability. But we see clearly how,
by impraving that system, we can raise its level of per-
formance to a point where it can compete with humans
in terms of certain abilities.

Now, within Al, this is generally not the case. That
is, many Al systems do not scale up: They reach very
quickly the limit of their ability. In other words, vou
cannot push them beyond that peint.

Q. Could you give an example of a system that does
not scale up?

ZADEH. A good example, to go back to what I said
previously, are the programs that can summarize.
These programs reach the limit of their ability very
quickly—in terms of the length of the story they can
summarize or in terms of the degree to which the story
is nonstereotypical. And you cannot go beyond those
limits without radically altering the approaches used.

Another example. Before we had integrated circuits,
we depended on vacuum tubes in the design of our
computers, and you could push the capabilities of those
early computers only up to a point. We had tc come up
wilh samething new, the concept of an integrated cir-
cuit, and eventually very large-scale integration [VLSI).
Those breakthroughs greatly increased our capability to
compute, to store, and more generally, to process infor-
mation.

That was a situation that called for something radi-
cally different. And it wasn't a matter of evolution—but
of revolution.

And so I think that we are faced with a somewhat
similar situation in the case of computers that can per-
form high-level cognitive tasks. That is, we cannot hope
to be able to solve the problems of the kind I mentioned
earlier, in particular the problem of summarization,
through evolutionary improvements in present com-
puter hardware or software.

Q. In other words, some of the more difficult prob-
lems in Al won't be solved by innovations in super-
computer architecture—innavations like parallel
processing?

ZADEH, That's right, such innovations aren’t going to
help much.

But there is more to this fuzzy logic than simply the
enhancement of the ability of computers to solve var-
ious problems—to perform nontrivial cognitive tasks.
Accepting fuzzy logic will also call for a certain funda-
mental shift in attitudes, particularly in theoretical
computer science. At this point theoretical compuler
science is mathematical in spirit, in the sense that it is
oriented toward the discovery and proof of results that
can be stated as theorems.

Unfortunately, there is an incompatibility between
precision and complexity. As the complexity of a sys-
tem increases, our ability to make precise and yet non-
trivial assertions about its behavior diminishes. For ex-
ample, it is very difficult to prove a theorem about the
behavior of an economic system that is of relevance to
real-world economics.
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What I anticipate in the future is a growing recogni-
tion of the necessity to find an accommodation with the
pervasive imprecision of the real world. This change is
needed to be able to make assertions that are nat just
nontrivial theorems, but something of relevance to
practice. In computer science today, people use two-
valued logic to establish certain results. But such re-
sults are often limited in their relevance to the real
world—because they are excessively precise. In ather
words, we have to accord acceptance to assertions that
do not adhere to high standards of precision.

This accommodation with imprecision will require
the use of fuzzy logic. Gradually and perhaps rather
slowly, there will be a growing acceptance of fuzzy
logic as a conceptual framework for computer science.

Now, it is a Little bit more difficult to articulate this
particular position than some of the earlier things that I
said. For this gets inte issues that relate not just to
computer science but, more generally, to science itself.
Science at this point is based on two-valued logic. So
what ['m talking about is a significant shift in attitude,
not just in computer science, but more generally in
scientific thinking.

At this point there is a long-standing and deep-seated
tradition of according respectability lo what is mathe-
matical and precise. We may have to retreat from this
tradition in order to be able to say something useful
about complex systems and in particular about systems
in which human reasoning plays an important roie.

Q. Okay, then, there have been instances in the past
where scientists have been too preoccupied with
mathematics and precision and, as a result, have
failed to come up with useful results. Does an example
come to mind?

ZADEH. Yes. Take economics. Time and again, it has
been demonstrated that what actually happens in the
realm of economics is very different from what the
experts predicted. These experts might be using large-
scale econometric models, sophisticated mathematics,
large-scale computers, and the like. Despite all that, the
forecasts turn out to be wrong—very wrong.

Why? Two reasons. One is that economic systems are
very complex. Second, and more important, human
psychology plays an essential role in the behavior of
such systems. And this complexity, together with hu-
man reasoning, makes the classical mathematical ap-
proaches, based on lwo-valued logic, ineffective.

So, again, to approximate the way humans can sort
through large masses of data and arrive at some sort of
a gualitative conclusion, it might be necessary to use
fuzzy logic. .

Q. Has fuzzy logic been able to solve some of the
difficult problems in AI you mentioned earlier? Or is
it still just a promise?

ZADEH. These problems are intrinsically complex,
and fuzzy logic by itsell does not provide a solution to
them. Rather, it merely enhances our ability to do so
without guaranteeing success. It's a little like finding a
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cure for cancer. You may develop a technique that may
help in finding a cure but it doesn't guarantee a cure
will be found.

Fuzzy logic, then, is a necessary but not sufficient
condition 1o finding solutions to these problems. It is a
tool that enhances our ability to deal with problems
that are too complex and too ill-defined lo be suscepti-
ble to solution by conventional means. It will be an
ingredient of the tools that will eventually be used to
solve these problems.

(. Have you made any headway in persuading peo-
ple that they needn’t always be superprecise, that in
fact such an approach may be an inappropriate ap-
proach for attacking certain types of problems?
ZADEH, It will be a slow process. It's not very easy to
change some of the basic attitudes people have been
educated with, like the attitude that we must be very
precise and that we have to try to come up with results
that can be stated as theorems. It's difficult to change
these attitudes.

Let me draw an analogy with the way people dress.
Classical logic is like a person who comes to a party
dressed in a black suit, a white, starched shirt, a hlack
tie, shiny shoes, and so forth. And fuzzy logic is a little
bit like a person dressed informally, in jeans, tee shirt,
and sneakers. In the past, this informal dress wouldn't
have been acceptable. Today, it’s the other way around.
Somebody who comes dressed Lo a party in the way |
described earlier would be considered funny.

Changes in attitude may take place not only in dress
but also in science, music, art, and many other fields.
And, in science, there may be an increasing willingness
to realize that excessively high degree of formalism,
riger, and precision is counterproductive.

Freedom of expression in science could exhibit itself
as a movement away from two-valued logic and toward
fuzzy logic. Fuzzy logic is much more general and it
gives you much more flexibility.

. How long will it take for traditional scientific at-
titudes about precision to change and fuzzy logic to
take hold?

ZADEH. Well, I think it will take something on the
order of perhaps a couple of decades. Fuzzy logic is
making inroads, but it is not something that has coa-
lesced into a broad movement. In other words, there
are pockets. These pockets exist in various fields, and
of course, there are some people who view these pock-
ets with suspicion and hostility—just as some people
who are conservative look with suspicion on those who
dress informally.

The difficulty of persuading people has to do also
with the question of where does respectability lie. Tra-
ditionally, respectability went along with being more
mathematical, more precise and more quantitative.
And these attitudes go back to Lord Kelvin who said
that it’s not really a science if it’s not quantitative.

But fuzzy logic now challenges that, There are many
things that cannot be expressed in numbers, for exam-
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ple, probabilities that have to be expressed as “very
likely,” or “unlikely.” Such linguistic probabilities may
be viewed as fuzzy characterizations of conventional
numeric probabilities.

And so in that sense fuzzy logic represents a retreat.
It represents a retreat from standards of precision that
are unrealistic.

There are many parallels to that sort of thing in the
history of human thought, where people didn’t realize
that the objectives they set were unrealizable.

Q. Does an example or two come to mind of a situa-
tion where scientists had to retreat [rom standards of
precision that were not attainable?

ZADLH. Well, a good example of that sort of thing is
statistical mechanics. People in the beginning of the
nineteenth century were firm believers in the possibil-
ity of using the mechanics that were developed at that
time by pecple like Lagrange and applying those me-
chanics to the solution of all sorts of problems invelving
the motion of bodies. But then they encountered the
“two-body,” “three-body,” and “n-body” problems, and
it became clear that they could not push this too far.
That’s where the groundwork was laid for statistical
mechanics.

So statistical mechanics represented a retreat, a re-
treat in the sense that you say, “Well, [ cannot say
something precisely, but I'll say it statistically.”

Now, the same thing happened in the case of the
solution of differential equations. Today we freely ac-
cept numerical solutions. It is hard to realize that the
idea of a numerical solution was naot acceptable even as
recently as perhaps 30-40 years ago.

Q. The rise of numerical analysis, then, constituted a
retreat. Was it more of a brute force approach rather
than an elegant, logical approach to the solution of
differential equations?

ZADEH. Effectively, yes. People were simply not will-
ing to say that, if you use the computer to come up
with a numerical solution, you have really done some-
thing worthwhile. Somehow we tend to forget that
things that are acceptable today were not acceptable 20
to 30 years agp.

2. I can remember reading books on science of a few
decades ago that always spelled science with a capital
S.

ZADEH. Yes. It's that kind of veneration or worship
I'm talking about. I sometimes use a word thal offends
people who take the more traditional view, and that
word is fetishism—fetishism of precision and rigor in
the context of classical logic.

There is also what might be referred to as “the curse
of respectahility in science.” In trying to be respectable,
scientists deny themselves the use of more flexible logi-
cal systems in which truth is a matter of degree.

Q. Is there anything that could be done to get certain
people to stop worshiping precision?

April 1984  Volume 27 Number 4

Reports and Articles

ZADEH. [ think it has to be a natural process. But
because of the current emphasis on Al, and in particu-
lar on expert systems, there is a rapidly growing inter-
est in inexact reasoning and processing of knowledge
that is imprecise, incomplete, or not totally reliable.
And it is in this connection that it will become more
and more widely recognized that classical logical sys-
tems are inadequate for dealing with uncertainty and
that something like fuzzy logic is needed for that pur-
pose.

Q. Since you first developed the concept of fuzzy
logic in the 1960s, Professor Zadeh, has there been
much of a growth in interest? Have others picked up
the banner?

ZADEH. Belween then and now, somewhere between
3,000 and 4,000 papers have been written worldwide on
fuzzy sets and their applications. And there are two
regular journals: Fuzzy Sets and Systems, in English, and
Fuzzy Mathematics, in Chinese. In addition, a quarterly
entitled Bulletin on Fuzzy Sets and their Applications is
published in France. The countries where most activity
is taking place at this point are the Soviet Union,
China, Japan, France, Great Britain, West Germany,
East Germany, Poland, Italy, Spain and India. There has
been less activity in the United States.

There is growing acceptance, but there is alsa consid-
erable skepticism and in some instances hostility. At
this point the largest number of researchers working on
fuzzy sets is in China.

There appears to be more sympathy for other than
two-valued systems in oriental countries, perhaps be-
cause their logic is not like Western, Cartesian logic.
There is a greater acceptance of truth that is neither
perfect truth nor perfect falsehood. This is particularly
characteristic of Hindu, Chinese, and Japanese cultures.

Q. Professor Zadeh, that’s the end of our questions.
We on the editorial staff of Communications thank you
warmly for giving our readers some of your views.
ZADEH, 1L was my pleasure.
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