
FUZZY SYSTEMS 

Nishchal K Verma

10/5/2011 1



not clearly thought out

10/5/2011 2



Fuzzy Systems let us successfully

understand and handle real world

situations .
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Stochastic Uncertainty:

\ The Probability of Hitting the Target Is 0.8

Lexical (relating  to words ) Uncertainty:

\ "Tall Men", "Hot Days",  or "Stable Currencies"

\ We Will Probably Have a Successful Business Year.

\ The Experience of Expert A Shows That B Is Likely to 

Occur. However, Expert C Is Convinced This Is Not True.

Most Words and Evaluations We Use in Our Daily Reasoning 

Are Not Clearly Defined in a Mathematical Manner. This Allows 

Humans to Reason on an Abstract Level!

MAJOR UNCERTAINTIES

not clearly thought out
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Conventional (Boolean) Set Theory:

Slide 11

ñStrong Feverò

40.1ÁC

42ÁC

41.4ÁC

39.3ÁC

38.7ÁC

37.2ÁC

38ÁC

Fuzzy Set Theory:

40.1ÁC

42ÁC

41.4ÁC

39.3ÁC

38.7ÁC

37.2ÁC

38ÁC

ñMore-or-Lessò Rather Than ñEither-Orò !

ñStrong Feverò

FUZZY SET THEORY
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THEN WHY FUZZY?

Because precision is not always requiredé.

Is it true?
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Á 1965: Lofti A. Zadeh of University of California at Berkeley published ñFuzzy 

Setò.[1]

Á 1970: Fuzzy logic research started in Japan.

Á 1972: Lofti A. ZadehôsLinguistic approach.[2]

Á 1974: S. Assilianand E. H. Mamdaniin United Kingdom developed the first fuzzy 

logic controller, which was for controlling steam generator.

Á 1976: Blue Circle Cement and SIRA in Denmark developed a cement kiln 

controller - which is the first industrial application of fuzzy logic.

Á 1980ôs: Fuzzy boom in Japan started. T. Takagi and his advisor M. Sugeno

developed the first approach for constructing (not tuning) fuzzy rules using training 

data.

Á 1885: TSK Model was proposed

Á 1986: First VLSI chip for performing fuzzy logic inferences

Á 1987: Yasunobuand his colleagues at Hitachi designed fuzzy controller which is 

used to operate the automatic subway trains of the Japanese city of Sendai. Another 

industrial application of fuzzy logic is a water-treatment system developed by Fuji 

Electric.

HISTORY
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Á1988: Fuzzy logic has also found its applications in the financial area.

Á1990: Matsushita Electric Industrial Co. developed fuzzy controlled automatic 

washing machine.

Á1994: ñFuzzy Logic Toolboxò add-on component for MATLAB.

Á1994-Present: On-going research on Fuzzy.

10/5/2011 14



10/5/2011 15



10/5/2011 16



Classical/Conventional 
Mathematics
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Fuzzy Sets

ÁSets with fuzzy boundaries

A = Set of tall people

Heights5õ10õõ

1.0

Crisp set A

Membership
function

Heights5õ10õõ6õ2õõ

.5

.9

Fuzzy set A

1.0
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Membership Functions (MFs)

ÁCharacteristics of MFs:

MFs

Heights5õ10õõ

.5

.8

.1

òtalló in Asia

òtalló in the US

òtalló in NBA in US
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Fuzzy Sets

ÁFormal definition:

A fuzzy set A in X is expressed as a set of ordered pairs:

A x x x XA= Í{( , ( ))| }m

Universe or

universe of discourse
Fuzzy set

Membership

function

(MF)

A fuzzy set is totally characterized by a

membership function (MF).
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Fuzzy Sets with Discrete 
Universes
Á&ÕÚÚÙ ÓÅÔ # Ђ ȰÄÅÓÉÒÁÂÌÅ ÃÉÔÙ ÔÏ ÌÉÖÅ ÉÎȱ

X = {Bangalore, Delhi, Mumbai} (discrete and nonordered)

C = {(Bangalore, 0.9), (Delhi, 0.8), (Mumbai, 0.6)}

Á&ÕÚÚÙ ÓÅÔ ! Ђ ȰÓÅÎÓÉÂÌÅ ÎÕÍÂÅÒ ÏÆ ÃÈÉÌÄÒÅÎȱ
X = {0, 1, 2, 3, 4, 5, 6} (discrete universe)

A = {(0, .1), (1, .3), (2, .7), (3, 1), (4, .6), (5, .2), (6, .1)}
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Fuzzy Sets with Cont. 
Universes
Á&ÕÚÚÙ ÓÅÔ " Ђ ȰÁÂÏÕÔ ΫΦ ÙÅÁÒÓ ÏÌÄȱ

X = Set of positive real numbers (continuous)

B = {(x, mB(x)) | x in X}

mB x
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Alternative Notation

ÁA fuzzy set A can be alternatively denoted as 
follows:

A x xA

x X

i i

i

=
Í

äm ( ) /

A x xA

X

=ñm ( ) /

X is discrete

X is continuous

Note that Sand integral signs stand for the union 

of membership grades; ò/ó stands for a marker and 

does not imply division.
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Fuzzy Partition

ÁFuzzy partitions formed by the linguistic 
ÖÁÌÕÅÓ ȰÙÏÕÎÇȱȟ ȰÍÉÄÄÌÅ ÁÇÅÄȱȟ ÁÎÄ ȰÏÌÄȱȡ

lingmf.m
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Membership Functions

OR
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Example
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More Definitions

ÁSupport

ÁCore

ÁNormality

ÁCrossover points

ÁFuzzy singleton

Áa-cut, strong a-cut

ÁConvexity

ÁFuzzy numbers

ÁBandwidth

ÁSymmetricity

ÁOpen left or right, closed
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