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Assumption 1. a;; is a fuzzy number with the following linear membership function:
1 if < Qij,
pa;(2) = § (@ +dij —2)/dyy i 0y < 2 < ay;+dy,
0

it x>ay+dy,

where x € Rand d;; > Oforalli =1,...m,j =1,..,n
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o For defuzzication of this problem, we first fuzzify the objective
function.

o Thisisdone by calculating the lower and upper bounds of the
optimal valuesfirst.

o The bounds of the optimal values, z, and z, are obtained by solving
the standard linear programming problems:
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The objective function takes values between zy and z» while technological coefficients
vary between a;; and a;; + d;;. Let 2z = min(z;, 20) and 2, = max(21,22). Then, z and

z,, are called the lower and upper bounds of the optimal values, respectively.

In this case the fuzzy set of optimal values, &, which is a subset of R", is defined as
(see Klir and Yuan [6]);

n
0 if Y egry <z,
j=1
n n
pc(z) = (> cizy —z) /(2w —2) if = <y Ty < Zu, (2.4)
i=1 =1
J n 7
1 if 3 eiry > 2y
j=1
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The fuzzy set of the i th constraint, C';, which is a subset of R™, is defined by

L
0 . b <Z a;;T;
n n n J:1 n
po(z) =< (bi— 30 ayzy)/ 3 dijzy 3 ayzy S0y <3 (e +dij)z; (2.5)
i=1 i=1 =1 i=1
1 3 bi ZZ (aij +d;j).?3j.
=1

By using the definition of the fuzzy decision proposed by Bellman and Zadeh [2] (see

also Lai and Hwang [7]), we have
pip(x) = min(pug(x), min(uc, (z)))- (2.6)
In this case the optimal fuzzy decision is a solution of the problem

n;gg;(uo(r)) = max min(pg(z), min(gc, (z)))- (2.7)
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Consequently, the problem (2.1) becomes to the following optimization problem

By using (2.4) and (2.5), the problem (2.8) can be written as

Notice that, the constraints in problem (2.9) containing the cross product terms Az;

are not convex. Therefore the solution of this problem requires the special approach
adopted for solving general nonconvex optimization problems.
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max A
pa(z) = A
po,(z) = A, 1<i<m (2:8)
z >0, 0<Ax<l.

max A
n
Az —z2)— Z cjzj+ 22 <0,
n i=t (2.9)
Y (ag + Adi)z; — b <0, 1<i<m
=1

2,20, j=1,..,n, 0<A<L
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Assumption 3.

shavandi@sharif.edu

ajjand S; are fuzzy numbers with the following linear membership

1 if T<ay,
(z) =< (ay+dy—2)/dy if ay <z <ay+dij,
0 if xTr 2 Gq'J +dij:
1 if x<b,
()= ¢ (hi+pi—x)/pe if b <a<bi+p,
0 if =>=bi+p,
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01 We first calculate the lower and upper bounds of the optimal
values. The optimal values z; and z, can be defined by solving

the following standard linear programming problems:
n
Zp =max y, ¢;x;
ji=1
n
Y airg <hitp, 1<i<m
j=1

n
Zy =max y . ¢x;
j=1

mn
So(agj+dig)r; <b, 1<i<m
i=1

T T
Zg = max le Cjﬁj Z4 = max Zl CJ:I'.J
= G=
il (ag; +dig)r; <bi+p;, 1<i<m - aijzy < by, 1<i<m
" zj 20 jZIEJ = 0.
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Let z; = min(z1, 20, 23, 24) and z, = max(z1, 29, 23, 24). The objective function takes
values between z and z, while technological coefficients take values between a;; and

a;j + d;; and the right-hand side numbers take values between b; and b; + p;.
Then, the fuzzy set of optimal values, G, which is a subset of R", is defined by

k)

0 'L_f E c;T; < zp,
T . J:1 L3
pa(z) =< (X ezj—2)/(2u —21) if 2 <) ¢z) < 2, (3.6)
i= i=1
n
1 if Y ¢z = 2.
i=1
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The fuzzy set of the ith constraint, C;, which is a subset of R™ is defined by

n
0 lf b; ‘(Z aijly,
n mn i n J:]- n
po, ()= (b= 3 ayz) /(3 dijzy +p) if Y aigr; <b <) (ayg +di)rg +pi,
i=1 =1 j=1 =1
n
1 if b= (ag+dig)zy + pie
j=1
(3.7)
max A

n
AMza—21)— 3 cjzj+21 <0
i=1

n (3.8)
> (aij + Adij)zj + Ap; — b; <0, 1<i<m
j=1

x>0, 0<A<].

Notice that, the problem (3.8) is also a nonconvex programming problem, similiar to
the problem (2.9).
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