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Abstract: Complex fuzzy logic is a generalization of traditional fuzzy logic, based on complex fuzzy sets. In complex fuzzy logic,
inference rules, the novelty of complex fuzzy logic is that the sets used in the reasoning process are complex fuzzy sets, characterized by
complex-valued membership functions. Several mathematical properties of complex fuzzy sets, which serve as a basis for the derivation
of complex fuzzy logic, are reviewed in this paper. These properties include basic set theoretic operations on complex fuzzy sets—namely
complex fuzzy union and intersection, complex fuzzy relations and their composition, and a novel form of set aggregation—vector

aggregation.
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1. Introduction

Complex fuzzy logic is a unique framework, designed to
maintain the advantages of traditional fuzzy logic, while
benefiting from the properties of complex fuzzy sets. It is
shown in the following sections that complex fuzzy logic
is not merely a linear extension of conventional fuzzy
logic. Rather, complex fuzzy sets allow a natural
extension of fuzzy logic to problems that are either very
difficult or impossible to address with one-dimensional
grades of membership. The development of complex
fuzzy relations and compositions serves as a basis for the
derivation of complex fuzzy logic. Fuzzy logic: A form of
knowledge representation suitable for notions that cannot
be defined precisely, but which depends upon their
contexts.Fuzzy set: Fuzzy set are whose elements have
degree of membership.

2. Fuzzy Operations

e  Fuzzy Union
e  Fuzzy Intersection
e Fuzzy Complement

Fuzzy Union: In Fuzzy Logic, intersection, union and
complement are defined in terms of their membership
functions Fuzzy intersection and union correspond to
‘AND’ and ‘OR’, respectively, in classic/crisp/Boolean
logic. These two operators will become important later as
they are the building blocks for us to be able to compute
with fuzzy if-then rules

The union (OR) is calculated using t-conorms

t-conorm operator is a function s(.,.)
Its features are

s(1,1) = 1, s(a,0) = s(0,a) = a (boundary)

s(a,b) <s(c,d) if a < cand b < d (monotonicity)
s(a,b) = s(b,a) (commutativity)

s(a,s(b,c)) = s(s(a,b),c) (associativity)

The most commonly used method for fuzzy union is to
take the maximum. That is, given two fuzzy sets A and B
with membership functions pa(x) and pg(x)

Payp(%) = max(az,(x). p5(x))

3. Fuzzy Intersection

The intersection (AND) is calculated using t-norms.
t-norm operator is a function t(.,.)

Its features

t(0,0) = 0, t(a,1) = t(1,a) = a (boundary)

t(a,b) <t(c,d) ifa<cand b < d (monotonicity)
t(a,b) = t(b,a) (commutativity)

t(a, t(b,c)) = t(t(a,b),c) (associativity)

The most commonly adopted t-norm is the minimum. That
is, given two fuzzy sets A and B with membership
functions pa(x) and ps(x)

45(%) =min( 2, (x), 115(x))

4. Fuzzy Complement

To be able to develop fuzzy systems we also have to deal
with NOT or complement.

This is the same in fuzzy logic as for Boolean logic

For a fuzzy set A, A denotes the fuzzy complement of A
Membership function for fuzzy complement is

f (=1,

For Example
Suppose we have the following (discrete) fuzzy sets:

A =0.4/1+0.6/2+0.7/3+0.8/4
B = 0.3/1+0.65/2+0.4/3+0.1/4

The union of the fuzzy sets A and B

= 0.4/1+0.65/2+0.7/3+0.8/4

The intersection of the fuzzy sets A and B
= 0.3/1+0.6/2+0.4/3+0.1/4

The complement of the fuzzy set A
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=0.6/1+0.4/2+0.3/3+0.2/4

FUZZY LOGIC REPRESENTATION using fuzzy sets
for car:

Slowest (0.0-0.25)
slow (0.25-0.50)
fast (0.50-0.75)
fastest (0.75-0.100)
float speed,;
get the speed
if ((speed >= 0.0)&&(speed < 0.25)) {
I/ speed is slowest

ilse if ((speed >= 0.25)&&(speed < 0.5))
/] speed is slow

glse if ((speed >= 0.5)&&(speed < 0.75))

{ /I speed is fast

glse // speed >=0.75 && speed < 1.0

{
/Ispeed is fastest}

5. Properties of Fuzzy Logic

[mvolution ==A=A

Commutativity AuB=Bua
. AnB=BnA
Associativiny (AuBIvC=AuBuC)
AnBnC=AnBnC)
[istributiviny ArBuCi={AnBiviAnC)
| AuBrC)i={AuBInAuC)
[dempatence AUASA
AnA=A
Absorption AUiAnB=A
Ar(AUBI=A
Absorption by X AuX=X
and AnX=4A
[dentity Au@=A
An@i=@

[eMorgan's Laws =(AnBl==Au=-B

=(AuB)==An=B

6. Complex Fuzzy Logic

Complex Fuzzy Implication and Inference:

| Compiex Fuzzy

"

i
| inigienee Cogine [
L — Rule Base

inpus Fuzsification

Moduie

General scheme of a CFLS (complex fuzzy logic system)

Complex Fuzzy Implication and Inference:

Complex fuzzy implication may be utilized for the
construction of complex fuzzy inference rules, in the form
of Generalized Modus Ponens.

Premise 1: “X is A™: Premise 2;: “X IFis A, THEN Y is
B”.

Consequence: “Y is B".”

of course, the sets A,B,A", and B” are all complex fuzzy
sets.

The output of a CFLS is determined in three stages, as
illustrated in Fig. The first stage is Fuzzification, used to
map crisp inputs into fuzzy input sets. These fuzzy sets
may or may not be complex, depending on the application.
The second stage, Fuzzy Inference, utilizes a complex
fuzzy rule base to map the fuzzy input sets into fuzzy
output sets. Defuzzification, as usual, is the final stage of
the mapping performed by the CFLS. This stage involves
defuzzification of the complex fuzzy output set to produce
a crisp output.

7. Acknowledgment

The authors would like to thank the referees for their
excellent suggestions and for the considerable time and
effort they invested in helping to this paper.

References

[1] J. J. Buckley, “Fuzzy complex numbers,” in Proc.
ISFK, Guangzhou, China, 1987, pp. 597-700.

[2] “Fuzzy complex numbers,” Fuzzy Sets Syst., vol. 33,
pp. 333-345, 1989.

[3] “Fuzzy complex analysis I: Differentiation,” Fuzzy
Sets Syst., vol. 41, pp. 269-284, 1991.

[4] “Fuzzy complex analysis Il: Integration,” Fuzzy Sets
Syst., vol. 49, pp. 171-179, 1992.

[5] H. Hellendoorn and C. Thomas, “Defuzzification in
fuzzy controllers,” J. Intell. Fuzzy Syst., vol. 1, pp.
109-123, 1993.

[6] A. Kandel, Ed., Fuzzy Expert Systems. Boca Raton,
FL: CRC Press, 1991.

[7] J. K. Klir and B. Yuan, Fuzzy Sets and Fuzzy Logic:
Theory and Applications. Upper Saddle River, NJ:
Prentice-Hall, 1995.

[8] D. Ramot, R. Milo, M. Friedman, and A. Kandel,
“Complex fuzzy sets,” IEEE Trans. Fuzzy Syst., vol.
10, pp. 171-186, Apr. 2002.

[9] M. Sugeno and G. K. Park, “An approach to linguistic
instruction based learning,” Int. J. Uncertainty,
Fuzziness, Knowledge Syst., vol. 1, no. 1, pp. 19-56,
1993.

[10]R. R. Yager and D. P. Filev, Essentials of Fuzzy
Modeling and Control. New York: Wiley, 1994.

[11]L. A. Zadeh, “Outline of a new approach to the
analysis of complex systems and decision processes,”
IEEE Trans. Syst., Man, Cybern., vol. SMC-3, pp.
28-43, Feb. 1973.

Volume 2 Issue 4, April 2013

www.ijsr.net

492





