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Abstract

In this paper, fuzzy single and multiobjective linear programming models are
presented. Both the objective function and the constraints are considered
fuzzyly.The coefficient of the decision variable in the objective functions and the
constraints, as well as the right-hand side of the constraints are assumed to be fuzzy
numbers with triangular membership functions. The possibility programming
approach is utilized to transform the fuzzy model into its crisp equivalent form, and
then a suitable method will be used to solve the crisp problem.
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1-Introduction

Linear programming has its applications in
many fields of operation research which is
concerned with the optimizations (minimization
and/or maximization) of a linear function, while
satisfying a set of linear equality and /or
inequality constraints or restrictions.

In real situation, the available information in
the system under consideration are not exact,
therefore  fuzzy linear programming was
introduced and studied by many authors and
were regularly treated by others .Zimmermann
[1]proposed the first formulation of fuzzy liner
programming. Fang and Hu[2]considered linear
programming with fuzzy constraint
coefficients.VVasant  et.al[3] applied linear
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programming with fuzzy parameters for decision
making in industrial production

planning.Maleki and et al [4, 5]introduced a line

ar programming problem with fuzzy variables
and proposed a new
method for solving these problems using anauxil
iaryproblem.Mahdavi-Amiri and Nasseri [6]
described duality theory for the fuzzy variable
[LP] problem. In this paper, the possibility
programming approach is utilized to transform
the fuzzy single- objective and multiobjectve
linear programming models to its crisp
equivalent problem, according to its Iskander's
modification [7,8].Then the crisp single and
multiobjective linear programming model are
solved using any linear programming method.
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2- Definitions and Notations in fuzzy set
theory

In this section, some of the fundamental
definitions and  basic  concepts  of fuzzy
sets theory are given for completeness purpose:

Definition (1)[91.

A fuzzy set A in Xis a set of order pairs:
A={(x, 1z (X)/xeX}
K5 (X)is called the membership function of x in

A which maps X into[0,1]. If sup, pz(x)=1
the fuzzy set A is called normal.
Definition (2)[9].

The support of a fuzzy set A on X is the
crisp set of all xe X, such that pz (x)>0.
Definition (3)[9].

The set of elements that belong to the fuzzy
set A on X at least to the degree o is called the
o-cut set:

A= {x px(X)>a0e[01]}.
Definition (4)[9].
A fuzzy set A on X is said to be

convex if
pyr Ox+ (1- 2) ymin {pz (X),uz (N} X
yeR, and Ae[0, 1]. Note that, a fuzzy set is
convex if all its a-cuts are convex.
Definition (5) [9]. _

A fuzzy number a is a convex normalized
fuzzy set on the real line R, such that:
1) There exist at least one X,eR with
Mz (Xo) =L
2) 15 (X)is piecewise continuous.
A fuzzy number a is a triangular fuzzy number

see (Figure 1) if the membership function may
be show as:

X2 a<x<b
nr(x)= & b<x<c
0 o.w

YY1

Iraqgi Journal of Science,Vol 53,N0 1,2012, Pp. 125-129

AN

c

b
Figure %: The Triangular membership
function
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Definition (6) [9].
A fuzzy number M is of LR-type if there

exist tow functions, L (called the Lift function),
R(called the right function) ,such that L(x)<
B (X) < R(x), vxeX (Universal set) and a

scalars a>0, b>0, with:

m-—X
a
X —

L(
B (X) =
R(

) forx <m

m

), forx>m

When meR which is called the mean value of
M .,a and b are called the left and right spreads

of m, respectively. Symbolically \ is denoted
by (m, d, b)LR-

Now, in applications, the representation of a
fuzzy number in terms of its membership
function is so difficult to use, therefore a
suitable approach for representing the fuzzy
number in terms of itsa.-level

sets is given, as in the following remark:

Remark (1): A fuzzy number p may be
uniquely represented in terms of its a-level sets,
as the following closed intervals of the real line:

M, = [Mm-vl-a, m+vi-a] or M_ = [am,
%m] Where m is the mean value of M and

ae(0, 1]. This fuzzy number may be written as
M,=[M, M1, where M,refers to the greatest

lower bound of M, and M the least upper
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bound of M, .

3-Possibility Programming Method

Fuzzy Single Objective Functions
Consider the formulation of the fuzzy single

objective linear programming model as:

in

Maximize > ¢x; ... (1)
=L
Subject to:
n -~
Zaijxjf b,, EL2..m,...... 2)
=L
Xiz0, FL2.m, e 3)

Where X, =1,2,....n, are non-negative decision
variable Ej is the fuzzy coefficient of the jth
decision variable ,Eij represents the fuzzy
coefficient of the jth decision variable in the ith

constraint, while Bi is the fuzzy right-hand side
in the ith constraint .Hence for simplicity Ej,

a; and Biare considered to be of triangular
fuzzy numbers i.e., using remark(l)above ¢;=

[Cj-\/—_(l, Cjs Cj‘*‘\/ﬂ] ,5ij=[aij -\/g,aij i
+1-a],b,=[b -Vi—a b b +V1-a ]

Thus, according to the triangular fuzzy numbers,
the

equivalent crisp model for the fuzzy model (1)-
(3), is given below:

n

Maximize Z=>[(1- a)C; + acolx;
j=1

Subject to:

n
Z[(l—oc)gij +adyo X < (1-o)bi +abj
=1
Where o is a predetermined value of the
minimum required possibility, o< (0, 1]
As an illustrated, consider the following
example:
Example (1):-
Maximize Z=3 x;+2 X,
Subject to:
—1 X+ 2X,<4
3 X+ 2 Xo<14
1%-1%<3
X120, Xzzo
The fuzzy single objective linear programming
in triangular form takes the form:

Maximize (3- vl1-a, 3, 3++l-a) x+ (2-
vli-a,2, 2+ \/l—OL)Xz

'YV
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Subject to:
1-Vi-a, 1, 1+Vl-a)X+ (2-v1l-a, 2,

2+1-a ) %< (41—, 4, 4+\1-a)
(3-V1-a, 3, 3+J1-a) x+ (2- V-a, 2
2+1-a ) %< (14-V1-a , 14, 14+1-0.)
(1-Vi—a, 1, 1+1-a) x-(1-V1-a,
1+V1-a) %< 3-V1-a, 3, 3++/1-a)

Thus, the equivalent crisp single objective linear
programming in the case of possibility
programming is stated as:

1,

Maximize [(1- o) (3+v1—a ) +3a] %+ [(1-a)(2-

Vvi-a) +20)] X,
Subject to:

- [ o) @-Vi—ata)] xit [(1- @) (2
V1= 0 +200)] %< (1- o) (4+V1-a +4oy)

[(1-0) (3- V- )+3a]x+H(1-0) (2-

V1- 0 +20]%<(1-a) (14+ V1- o +140r)

[(1- o) (1-V1-o+a)] x-[(1- o) (1-V1-a +a]
%< (1- o) (B+V1-a +3a)

X1, X=>0.
Following, Table (1) which represents the
solution of the above example.

Table (1)
a | 01 0.5 0.75 0.9 1
Z | 30.4844 | 19.2137 | 15.6527 | 14.4008 | 14
X | 4.3622 3.0368 2.6666 2.5401 3.1188
X | 4.7911 3.8365 3.4444 3.2978 2.3216

It is remarkable then when o=1, then the
solution of the fuzzy linear programming is the
same solution of the crisp problem.

Example (2):-
Maximize Z =8 x;+6 %,
Subject to:
4 X143 X,<60
2 Xg+ 4 X,<48
x;and X, >0
The fuzzy single objective linear programming
in Triangular form will be:
Maximize (8- vli-a, 8, 8+vl-a) x, + (6-
vl-a,6, 6+vli-a) X,
Subject to:
(GV1—a 44+V1-0 )x+@2-V1-a ,2,2+V1-a )x,
<=(60-v1— 0 60,60+ v1—a)
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(2-V1-a ,22++1-a )q+(@3-vV1-a 44+ /1—a <
=(48-V1-a 48,48+ +1-a)

X and x >0

Thus, the equivalent crisp single objective linear
programming in the case of possibility
programming is stated as:

Maximize [(1- B) (8++v1-a) +8B] x1 + [(1- B)
(6+v1-a ) +6B] X,

Subject to:

[(1-0)(4- V1- o )+ba]x +H[(1-0) (2- V1-a )+20]%
<(1-a)(60+ v1- o )+600

[(1-0)(2- V1- o )+20]%. [(1-00) (4-

Vv1-o )+Ha]x<(1-a)(48+ v1- o )+48a

xland X, >0.

Following, (Table 2) which represents the

solution of the above example.

Table 2
o | 0.1 0.5 0.75 0.9 1
Z | 117.7883 | 125.1845 | 129 131.3223 | 132
X | 10.1168 11.1038 5.6600 | 11.9113 12
X | 4.1168 5.1038 5.6600 | 5.9113 6

It is remarkable then when a=1, then the
solution of the fuzzy linear programming is the
same solution of the crisp problem.

4-Possibility
multiobjective Functions

programming in  fuzzy

Consider the formulation of the fuzzy

multiobjective linear programming:

Maximize Zn:Erjxj, r=1,2...p .. (4
Subject to:J:l
S ax<h. FlL2.m  ..(9)
J;izo, #1,2..n .. (6

Where x;, =1, 2....n, are non-negative decision
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variable E,j is the fuzzy coefficient of the jth

decision variable in the rth objective
function. 5ij represents the fuzzy coefficient of
the jth decision variable in the ith constraint,

while Bi is the fuzzy right-hand side in the ith
constraint .Hence '6”., 5”— and Bi are consider

to be numbers

[11],ie., ¢ ;=[C;j-V1-a,Cj, G +V1-a ],
aij :[au "\/l_a ,aij ,aij +‘\/1—(X ]’BI Z[BI -
l-a, ,Bi +v1-a].Thus,

triangular fuzzy numbers, the equivalent crisp

triangular fuzzy

according  to

model for the fuzzy model (4)-(6) is given
below:-
Maximize Z= Zn:[(l— )T + aCo1X;
i=1
Subject to:
Zn:[(l—oc)+§ij +odjolx; < (1- )+ b; +aby

=1

Where o is a predetermined value of the
minimum required possibility, o< (0, 1].

Now, an illustrated example will be considered.
Example (3):

Maximize Z;(X) =2 X;+1 X,

Zz(X) :§ X1-2 Xo
Subject to:

2 X1+ 5 X,<60
1 X,+1 X,<18
3 X+ 1 X,<44
1 %,<10
X1, X2=>0
The fuzzy multiobjective linear programming in

triangular form will be:

Zi= (2- V1-a, 2, 24v1-a) X+ (I-v1-a, 1,



Abbas

+Vl-a ) X2

Zo= (3Vl-o, 3, 3+1-a)x-(2-V1-a, 2,
2+1-a) X

Subject to:

(2-V1i-a, 2, 2+yJ1-a) X+ (5-vi-a, 5,
5+V1-a) X< (60-v1-a, 60, 60++1-a)
(1-vV1-a, 11+ V1-o )X +H(1-

V1-a, 1,1+ v1- o )X<(18-
v1-a,1818+v1l-a)
B-vi-a, 3, 3HVi-a) x(l-vi-a, 1,

1+Vl-a) %< (44-VJ1-a, 44, 44+1-a)
1-Vi-a, 1, 1+vl-a) %< (10-v1-a, 10,

10+V1-a)
Thus, the equivalent crisp multi objective linear
programming in the case of possibility

programming is stated as:

Z,=[(1-a) (2+ V1— o +20) % +[ (1-

)1+ V1—a +a)]x

Z= (1 a)B+l-a+3a)-[(1-  «)
2+J1— o +20] %,

Subject to:

[(1- &) (2- V1— o +200)] X, [(1- @) (5- V1—a +5a1)]
%< (1- o) (60+v1— o +60c)

[(1- o) (1-V1-a+a)] X+ [(1- @) (- V1-a)]
%< (1- o) (18++1-a +180)

[(1-0)(3- v1— o +30)]xa+[ (1) (1-

V1o )+a]x<(1-00) (44+ V1— o +4401)

[1- o) @@-Vi-a+a)] x< ((1- «)
(10+v1-a +10a)
X1,%=>0.

Following (Table 3) which represents the

1YAQ

Iraqgi Journal of Science,Vol 53,N0 1,2012, Pp. 125-129

solution of the above example with different

valuea:
Table 3

a | 01 05 0.75 0.9 1

Z, | 59.4628 | 39.6666 | 32.6141 | 30.1362 | 29.3333
Z, | 20.8993 | 16.7506 | 15.34.78 | 14.8335 | 14.6666
X, | 20.8993 | 16.7506 | 15.3478 | 14.8335 | 14.6666
X, | 1.2519 | 3.7003 | 2.6529 | 0 1.7756
It is remarkable they when a=1, then the

solution of the fuzzy linear programming is the
same solution of the crisp problem.
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