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—-lIUNCERTAINTY]

Lack of definite or

sharp distinctions

« vagueness
« cloudiness

- haziness

« unclearness

« indistinctness
« sharplessness

- dissonance
« incongruity
- discrepancy
- conflict

| DISCORD |
Disagreement In
choosing among
several alternatives

One-to-many
relationships

v

INONSPECIFICITY|

Two or more alternatives
are left unspecified

« variety

« generality

- diversity

« equivocation
« imprecision

Three basic types of uncertainty.
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r UNCERTAINTY

|[FUZZINESS|

Lack of definite ov
sharp distinctions

« vagueness

« cloudiness

- haziness

« unclearness

» indistinctness
« sharplessness
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Disagreement in
choosing among
several alternatives
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- dissonance
« incongruity
- discrepancy
- conflict Three basic types of uncertainty.

«d)S 518 Gloyd 9590 g als (B galos L0 (50,9
Clwwl glas 35 az yloyo I jobwo &5 Canad piiio Jlo (! o
ed8 2y Joer b« 81,59 3 ¢ «g,ls 3l soliswh



[UNCERTAINTY|

LAMBIGUITY |
One-to-many
relationships

Lack of definite or
sharp distinctions
« vagueness
« cloudiness *
« haziness - o
INONSPECIFICITY]

« unclearness
O or more alternatives

«» indistinctness
« sharplessness

e left unspecified
- variety

« generality

- diversity
« equivocation
« imprecision

Disagreement in
hoosing amo;

« incongruity
- discrepancy

- conflict ree basic types of uncertais
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NCERTAINTY

e ——

AMBIGUITY|

One-to-many
relationships
vagueness
diness
* uncie

« indistinctness
« sharplessness

INONSPECIFICITY/

Two or more alternatives
are left unspecified

« variety
- e = - « generality
- diversity
— - « equivocation
« imprecision

Disagreéiiient in

choosing among

several alternatives
- dissonance

« incongruity
- discrepancy

- conflict Three basic types of uncertainty.
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Fuzziness describes the ambiguity
of an event and randomness
describes the uncertainty in the
occurrence of an event.
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Lotfi Zadeh during his student years in Tehran in the carly 1940s (the large Russian sign ODIN
which means “alone,” was his carly proclamation of independence),
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1965, “Fuzzy Sets”
1968, “Fuzzy Algorithm”
1970, “Decision-making in Fuzzy Environment”
1971, “Toward a Theory of Fuzzy Systems”

1973, “Outline of a New Approach to the Analysis of Complex Systems

and Decision Processes”

1975, “The Concept of Linguistic Variables and Its Applications to
Approximate Reasoning I, II, III ”
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1975, “An Experiment in Linguistic Synthesis with a Fuzzy

Logic Controller”
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1978, “Control of a Cement Kiln by Fuzzy Logic”
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IF temperature is hot, THEN run fan at full speed.
IF temperature is warm, THEN run fan at moderate speed.
IF temperature is comfortable, THEN maintain fan speed.

IF temperature is cool, THEN slow fan.

IF temperature is cold, THEN stop fan. ‘ﬂ
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IF error is big negative AND angular velocity is zero, THEN velocity is big.

IF error is big negative AND angular velocity is big positive, THEN velocity

1S zero.

IF error is small positive AND angular velocity is small positive, THEN

velocity is big positive. q’
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i n p Ut Fuzzy rule base

(fuzzy) : j

>| Fuzzy Inference Engine

..................................................................................................................................



Fuzzification
interface

Fuzzy rule base

]

Fuzzy Inference Engine
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Defuzzification
interface

éoutput

(crisp) :
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Fuzzification
interface

Fuzzy rule base

|

(fuzzy)

>| Fuzzy Inference Engine

Et::utput

(crisp)

(crisp) E
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Fuzzy Controller

e

(crisp)

A\
A5

— Fuzzy rule base — 3 (crisp)

Fuzzification Defuzzification | | l\
] interface interface Plant T 1 g

Fuzzy Inference Engine

(fuzzy) (fuzzy)
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Fuzzy Theory
Fuzzy Fuzzy Fuzzy Decision| {Uncertainty & | Fuzzy Logic
Mathematics| {Systems| [-Making Information & Al
Y Y y
;ﬂg; rsne;:sures multicriteria optimizatio fuzzy logic principles
fuzzy analysis fuzzy mathematical approximate reasoning
fuzzy relations | programming fuzzy expert systems
fuzzy topology
fuzzy control fuzzy signal communicationy |possibility theo
processing measures of
* * uncertainty
controiler desig * equalization

stability analysis pattern recognitio channel
image processing | | assignment
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Fuzzy Sets*

L. A. ZabEH

Department of Electrical Engincering and Electromics Research Laboratory,
Universily of California, Berkeley, California

A fuzzy set is a class of objects with & continuum of gradea of
membership. Such a set is characterized by a membership (charac-
teristic) function which assigns to each object & grade of member-
ship ranging between zero and one. The notions of inclusion, union,
intersection, eomplement, relation, convexity, ete., are extended
to such sets, und various properties of these notions in the context
of fuzzy sets are established. In particulsr, a separation theorem for
convex fuzzy sets is proved without requiring that the fuzzy sets be
disjoint.

I. INTRODUCTION




