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Abstract

The main aimsof this paper are studying and modifying an approximate to solve
fuzzy linear integral equations of Fredholm type.
Two different Kinds of fuzzy functions are used to transform the ordinary linear
integral equations of Fredholm type to the fuzzy form.
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1. Introduction

The concept of a fuzzy set was in-
troduced by professor Lotfi A. Zadeh
in 1965, he introduced a paper about
fuzzy set, since that many papers had
been introduced in different mathemat-
ica fields theoretical and applica
tiong 7]

Although the applications of fuzzy
systems has developed significantly
during the last 40 years, there was little
research investigating the approxima-
tion of fuzzy systems until recently[2].

The concept of fuzzy integra intro-
duced by Sugeno in 1974 to provide
means by which information may be

integrand from differing sources to
derive acombined classification[4].
2. Fuzzy Sets
Definition2.1 :( Membership Func-
tion)[6] The expression of crisp set
by wusing characteristic function
X, X® {03,

Suchthat y 11 1T xBA -, 0y

10 if xI A

This characteristic  function is
represented as X , : x® | =[0/]

Such that O£ X,(x)£1 for

alxT X , caled fuzzy subset of X
denoted by A as a membership func-
tionA: X ® lsuch that Of AX)£1

foral x| X.
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Definition2.2 [1]

Let f: X® Y be a function from the
crispset X tothecrispset Y , and let
A and B be fuzzy setson X and Y re-
spectively, there exists a fuzzy set

f(B) :X ® I
suchtha f(B)(¥) =B(f(x) for

dl x | X, and there exists a fuzzy set
f(A):y ® 1| suchthat

;::wa;A(x):xT 'fl(y)g if (y)* f

(A =

10 it f(y) = f
f
Therefore

F(m:wp‘iA(x):xr

we denote supf by O

3. Fuzzy Real Number [1]

Fuzzy numbers can be introduced in
order to model imprecise situations
involving real numbers, and one of the
first problem one meets working with
these is to decide what type of order
use on the fuzzy number set.

Most of fuzzy numbers are defined
by a function, which maps each fuzzy
number into an ordered set and trans-
fers the order of one set to the other.

Fuzzy numbers have been utilized
on many fields to represent some lin-
guistic terms.

4. Linear Fuzzy Equations[1]

A fuzzy equation is an equation
whose coefficients and/or variables are
fuzzy sets of R. The concept of equa-
tion can be extended to deal with fuzzy
quantitiesin several ways.

f (y)g when

Consider the simple equation
ax+ b=x, where 5 b7 R+, x IS

real variable anda 1 1, so that the

: L b
unique solution isx = ,
1- a
then the fuzzy equation
ax+b =X,where a,b1 F(R),xI R

means that thefuzzy set aX + b s
the same asX .

The fuzzy equation can be solved if
the fuzzy equation in a - level set, for
dl a T [0,1]istreated in two different
ways.

5. Fuzzy Function

Fuzzy systems are widely used for
linguistic modeling of functiona rela-
tionships. The fuzzy system generates
afuzzy functionf : x s, ® F (y) , from

the input space X to the space F(Y) of
all subsets of the set Y, where X1 r™
andY | &"

There are many types of definitions
for fuzzy functions in the literature. In
this section more attention is paid to a
new form of definition of fuzzy func-
tion, which is aform of fuzzy bunch of
functionsr .

Definition (3.4)[1]

LetF :x® F(R) for
dral | thefunciions T, and
f."inR satisfies:
Lr(ro)=F(f)=a
ZF )= U [ e el

al |l
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g - U [ff]

al |

Definition (5.1)[4]
Let F: X ® F(R),if F written

as F ={(f,,a, )}, then Fis
finite, and it also written in the form

£ 60 = {(r,()a, ) foral
xI X.

6.Fuzzy Functional[1]

In this section the concept of func-
tional will be extended to areal fuzzy
function (F (x)).

Differential of fuzzy function at
fuzzy point is discussed.

Integral of fuzzy function over fuzzy
interval also discussed.

Given a fuzzy function £(x) with
F:x® F(R) and a function-

aJ:R*® R, then afuzzy function-
dJ:R*® R, suwch tha

3(F)y)=sup{(F(F)y):y=3(1). 11 R?}

foral yt R

In this section the concept of func-
tional will be extended to areal fuzzy
function (F (x)).

Differential of fuzzy function at
fuzzy point is discussed.

Integral of fuzzy function over fuzzy
interval also discussed.

Given a fuzzy function F(x) with
F:x® F(R) and a function-
adJ:rR*® R, then afuzzy func-
tional] cR*® R, such that

920

I(F)y)=swp{(F (£ )y): y=3(f).£1 R}
foradl yR

Fuzzy Integral Operator [1]

Given a fuzzy function
F:X® F(R)
let J : R* ® R pean ordinary

integral operator, then fuzzy integral
operator defined as:

(2(F o) = (7 (F o))
= sup E(f):g:df

foralal Randforalxl X
7.Wavelet solution

Now we modify the method of
wavelet solution used in solving ordi-
nary linear Fredholm integral equations
for solving fuzzy linear Fredholm
integral equations of the first kind and
the second kind, the discussion of this
method restrict here for the equation
defined on the positive real axis.

We write equation (1.1) and equation

(1.2)

oy L AT ]
Uixl = "i'ﬁ'.f,'[-'lkflﬂf 1.1

-
Hi i 2l a.h -\?.l-\ &
Pa) =Tx) +| Rl t)Ue) de 1.2
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7.1 If each function in equation (1.1) or
in equation (1.2) has the form of the
function in the definition(5.1) , then for
alal |

tion discussed asfollow:

, the method of wavelet solu-

If we consider a linear Fredholm
integral equations of the second kind
which are of the form

u; (x)

us (x) = £, (x)+ K (x, thuy (t)dt,
0

Thesymbols K, and K. areused

to denote the integral operator of the
above equations, which are given by

the formula

((ku )(x)),
((Ku )G

= OK . (x, ) (t)dt
0

= OKJ (x,thuy (t)dt
0

Then the original integral equations

written in operators form as

((r- K ),
(- K )

1
—

f+

a

£ (x) + oK. (s (D)et,

The wavelet approximation to the so-
lutions u; (x)and u; (x) at the scale
m are:

u; ()= & @) 27, - k)
(0= & (62" (7 &)
Where (EKK ). and (S ). arethe

wavel et coefficients of

u, and

u. respectively.

We make substitute on y=2mx, to

HOSEACHEH Y
HOEEYCHRE AN

where
(). = (B ) 2™
and (c,); = () 2"
Similarly, the wavelet expansion

for £, (x), .7 (x), K; (x,t) and

K. (x,t)are

Kz (%)=

a
K
a
K

where

921
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(o) =2l k=2 and =3 Al 3ubr- kEa (- iy
PSRRI 0. 0- 0 198 ) ),
f - (x):é: (9. ) £ (y- k) =é;1(gK);§3;(y- KF2 (y- i),
(9c), =2"(@.); 8 (6 g - KLy oy
et (ack =27l 28 520 00 v 6, ),

Now, substitute the expansion of

u: ()l (%), £ (x), =8 (0): 052 (v (- Doy

f. (x),K; (x,t) and K] (x,t)

a

in the original equations, to obtain then

8 e K- 278100 gk =)

éL () (c): = éK (9c )2 (y- k) :‘j;()’- KYo(y- i)y =(,.)

a ctily-K-2mafi(y-k) 0

(e )i(e): =& (o )ifa(y-K) and

T;king the inner pro:luct of both sides (Cj );‘ ) Z-méL (C’ L)a (e _(g’)a’

of the above equations with ) -2m&. ) ) =(g):
1

fo(y- j)andf(y- j) respec-

tively, to obtain

This completes the solution of
u, and u; .

7.2 If each function in equation (1.1) or
in equation (1.2) has the form of the
function in definition (5.3), then for

922
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dla, 1 [0,], the wavelet solution dis-

cussed as follow:
Consider a linear Fredholm integral
equation of the second Kind which is

of theform

a

(W(.a)=(f(9.a)+dk(xt)a) (u).a )t

0

wherei=1,2,......, m
(Ki ,a i) used to denote the integral

operator of the above equation, which

given by the formula

()3}

a

a,)= gk (xt)a,) (u(t) a ot
0

Then the original integral equation
written in  operator form as
((r- Ku)ia)=(f.2,)

The wavelet approximation to the so-
lution ui(x) at scalem is

.a; =

(40)-8 (G)a) 27 F B a

0
e ﬂ 2

1O

where (5K ) is the wavelet coeffi-

cients of ui.

m
We make the substitute on y = 2t

then we may write

where

((Ck)i a i): ((Ek )i'a i) 2m'z.
Similarly, the wavelet expansion for
fi(x) and ki(x,t) are

(s(xda) =44 c.) )

(fi(y' k)'ai) (fi(s' I)'ai )’

where

((Ck,| )i ,ai): 3((65'(’I )i ,ai) and s= né/tz,

and

(1()a)=8 (gc).a )b (v- Kk)a))
Where

(9.).2,)=(@.). .2 2™

Now, if we substitute the expansion of
u (x), £, (x) and k;(x,t) into our
original integral equation, we have

allcd ) ffily-Ka)- 2

K

3 (v- Ka)alc.) a)

-(a)a) fly-Ka)

Taking the inner product of both sides
with(f, (y - j).a,) toobtain

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

.& Tech. Journal, Vol. 28, No. 5, 2010

An Approximate Solutions of Fuzzy Linear
Fredholm Integral Equations

CK,'-)i a; ) = éK ((gK )i 'ai)

dfi()" k)'ai) (fi(Y' j)’ai)dy’

and

a&i(y' k)’ai) (fi(y' j)’ai )dy:((dj,k)i ’ai)

(6) ) 278 (6.0) a)=(0,) 2

L

This completes the solution of u;
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