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Abstract

In this paper. we study the controllability for the semilinear fuzzy integrodifferential
control system with nonlocal condition in Ex by using the concept of fuzzy number whose

values are normal, convex, upper semicontinuous and compactly supported interval in Ey.
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1. Introduction where (+ ), u( -+ ) are nonempty compact

‘ . _ . El
Many authors have studied several interval-valued functions on . Kwun and

concepts of fuzzy systems. Kaleva ([3]) Park ([4)) proved the existence of fuzzy

studied the existence and uniqueness of optimal control for the nonlinear fuzzy

solution for the fuzzy differential. equation on differential ~ system WIth nonlocal  initial

) ey . El . : _
E"™ where E™ is normal, convex, upper condition in £y wusing by Kuhn-Tucker

semicontinuous and compactly supported theorems. Recently, Balasubramaniam and

fuzzy sets in R" Seikkala ([6]) proved the Muralisankar(f1]) proved the existence and

. . . uniqueness of fuzzy solutions for the
existence and uniqueness of fuzzy solution
) .. following semilinear fuzzy integrodifferential

for the following equation: :
z(t) = f(t,z(t)), z(0) = x,

equation(¢(t) =0) with nonlocal’ initial

condition:
where f is a continuous mapping from . .
+ ' i%(il = A[z(t) + /tG(t—s)z(s)ds]
R"™XR into R and zy is a fuzzy number t 0
in E'. Diamond and Kloeden ([2]) proved +f(t,z)+u(t), teI=[0,T], (1)

:I:(O)+g(t1, t‘z:""tp:m( : )) =12y € By, (2)

the fuzzy optimal control for the following
where A:I—Ey is a fuzzy coefficient, Ey

system: . . .
i1s the set of all upper semicontinuous

m(t) =a(t)z(t)+u(t), z(0) ==, convex normal fuzzy numbers with bounded
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f: Ix EN_)EN 1S a
dG(t)z

dt
is continuous for £ € Ey and t € I with
| G(t) | <k, k>0, u:I—Ey is control

& -level intervals,

nonlinear continuous function,

n X 1 continuous matrix such that

function and 9 :I? X Ey— Ex is a nonlinear

continuous function. In the place of we
can replace the elements of the set
{t, & -, ), 0<t <t <---<t,<T,
p € N, the set of all natural numbers.

In this paper, we find the sufficient
conditions of controllability for the control

system (1)-(2).

2. Preliminaries

A fuzzy number @ in real line R is a
fuzzy set characterized by a membership

function m, as M. R—[0,1]. A fuzzy

number @ is expressed as

a =

[ mate)/z,

with the understanding that ma(z ) & [O; 1]

represent the grade of membership of T in
2 and / denotes the union of m,(z)/x

's.([5))

Let Ey be the set of all

semicontinuous convex normal fuzzy number
with bounded @ -level intervals. This means

that if @ € Ey then the @ -level set

[af=lze R|m(z)>a,0<a<1)

is a closed bounded interval which we
denote by

[a]* = [a, af]
and there exists a % € R such that

upper -

6%

a(ty) = 1.(14D)
The support I, of a fuzzy number @ is

defined, as a special case of level set, by
the following
I'y={ze R| m,(z)>0}.

Two fuzzy numbers ¢ and b are called
equal a=0b, if ma(:z:) = my(z) for all
T € R It follows that

a=be[a]*=[b]* for all @ € (0,1].

We denote the suprimum metric do on

E™ and the H,
C(I:E™),

suprimum metric on
Definition 1. Let a, b € E"

de(a,0) = sup{dg([a]®, [b]*) : @ € (0,1]}
where dy is the Hausdorff distance.
Definition 2. Let ,y € C(I: E")

H, (2, y) =supld (2(t),y(¢)) : t € I}.
Let I be a real interval A mapping
z:I—Ey is called a fuzzy process. We
denote
[z(t)]* = [z (t),z* ()], t € LO<a < 1.

The derivative Z'(t) of a fuzzy process
is defined by
[=()] = [(z)'(t), (z7)'(t)], 0 < < 1.

provided that is equation defines a fuzzy
Il(t) = EN-

The fuzzy integral

/ba:(t)dt,

a,be I
is defined by

b b b
([ z(t)at ) = ([ s (e)ae, [ o0 (t)dt]

provided that the Lebesgue integrals on the

right exist.
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([1) The

z:I—Ey is a solution of equations

Definition 3. fuzzy process
(1-(2)
without the inhomogeneous term if and only
if

(2)(t) = min{Ag (¢)[z2 (¢) + /()‘G<t~s)

zf(s)ds], 4,5 =1r},
(#2)(t) = maxiag (1)lsg () + [ G (1= )
z(s)ds), i,5=1r},
and
(27)(0) = 251 — 9 (4, By = by (- ),

(27)(0) = z5;— 9" (b, B, ))-
Next hypotheses and existence result are
Muralisakar’s

'7tp7 .'17(

Balasubramaniam and

results.(see {1])

(H1) The nonlinear function
g:I"<XEy—>Ey is a continuous function

and satisfies the inequary

du(lg(t, tp -, 8,7 ( - )% l9(t b 8
y( - N <ady(fz(-)]%[y(- )%
all z(- ),y(-) € Ey ¢ is a finite

positive constant.

for

(H2) The inhomogeneous term
f:IX Ey—Ey is a
continuous function and satisfies a global

Lipschitz condition

dy([f (s, z(s))]% [F (s, 9(s))]"
< cad([z(s))% [y()]7),
): y( - ) € EN7

positive constant ¢; > 0.

for all fE( . and a finite

(H3) S(t) is a fuzzy number satisfying

for y € ExS'(t)y e C(I: Ey)(XC(I: Ey)
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the equation

d

SS(ty= 418+ [ G(t=9)8(s)yds]

t
= S(t)Ay+ /0 S(t—s)AG (s)yds, te I,

such = that and

[S()]* = [S*(¢), S>(t)],
SP(t)(s=17) is continuous. That is, there
exists a constant ¢ > 0 such that |S*(t)] <c

forall t € L
(1D T>0,

hypotheses (H1)-(H3) hold. Then for every

Theorem 1. Let and

Ty, 9 S Ey the fuzzy initial value problem

(1)-(2) without control function has a unique

solution z € C(I: Ey).

3. Nonlocal controllability

In this section, we show the nonlocal
controllability for the control system (1)-(2).
The control system (1)-(2) is related to

the following fuzzy integral system:

‘T(t) = S(t)(xﬂ—g(tl: tZ; ) p:w( )))+
/otS(t— s)f(s,z(s))ds+ /OtS(t—s)u(s)ds

where S(t) is satisfy (H3).

Definition 4. The equation (3) is nonlocal

controllable if, there exists %(t) such that

the fuzzy solution z(f) of (3) satisfies
o(T) =z'—g(t, byt z( - ))(i-e,

[2(T))* = ' — g(t, toy s b (- NI

where T' is target set. |
Assume that the following hypotheses:

(H4) Linear system of equation(3)(f=0) is

nonlocal controllable.
H5) (1+2¢)ey+2ce,T< 1.

Theorem 2. Suppose that hypotheses (HI)
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-(H5) are satisfied. Then the equation(3) is

nonlocal controllable.

4. Example

Consider the semilinear one-dimensional
heat equation on a connected domain (0,1)
for a material with memory, boundary
conditions Z(t,0)=2(t,1) =0 and with

initial  condition - z(0,2)+ f}cw(% z)
k=1
= 75(2) where 75(z) € Ey. Let z(t,2) be

the internal energy and f(%,z(%, 2))= dtr
&

(t,2)? be the external heat. Let A = Qa—zi-

’ ki:lckx(tk,z) = g(th t‘lr"')
G(t—s)= e~ %) then the balace equation
becomes

tpz(+)) and

do(t) - 5z(s) - /0'e-<‘—s>z(s)ds]+
2tz (t)?+ u(t), (5)
S‘7(0)-"g(tlit‘l;"'xtp’x(' ))=$0 ‘ (6)

The a-level set of fuzzy number 2 is

Rlr=[a+1,3—a] for all @€ [0,1].

Then c-level set of f(tz(t)) s
[t z(@)*=t[(a+1)(z*(t))*(B—a)

(z*())7. (7)
Further,

dy([f(t, = (£))]* [F (2, y(2))])

= dy(t{(a+ 1)(g (1)), B —a)(z7(t)))
 tlla+ 1)y ())*(B —a)(y* (1))

= tmax{ (@+1)| (@) =@ (£))*],

(B—a) (=2 (1)) —(u ()1}

<3T &7 (t) + 37 (O] max{ |47() =47 ()1,

|27 (t) — 57 ()| }= cadu([z(2)]% [y (£)]%)

the inequality in

where ©& is satisfies
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hypothesis (H5), and also
dH([g(tb by ey tp: .'L‘( : ))]a’ [g(th by tp?

y(- D)= dg(g_jlck[a:(tknilck[y(tk)la)

k=
< 5j | mazdy (5 (81 [y (8)]°)
= cudy((z( )% [ ()

where ¢

hypothesis (H5).

is satisfies the inequality in
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