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Abstract
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Optimization of fuzzy linear fractional programming problem with fuzzy numbers

The theory of fuzzy programming was introduced by Tanaka et al. [1] based on fuzzy decision framework
of Bellman and Zadeh [2] proposed the first formulation of linear programming problem in fuzzy
environments. Lai and Hwang [3], Shaocheng [4], considered the situation where all parameters are fuzzy.
Many researchers adopted this concept for solving Fuzzy Linear Fractional Programming (FLFP) problems
[5], [6] and [7]. Dehghan et al. [8] proposed a fuzzy linear programming approach for finding the exact
solution of fuzzy linear programming problems. Lotfi et al. [6] introduced a method to obtain the
approximate the solution of fully fuzzy linear programming problems.

In this paper, a new method is proposed for finding the fuzzy optimal solution of FLFP problems with
inequality constraints. The coefficients of the objective function and the values of the right-hand side ate
represented by symmetric trapezoidal fuzzy numbers while the left-hand side constraints are represented
by real numbers. We introduce a new type of fuzzy arithmetic for symmetric trapezoidal fuzzy numbers
and propose a method for solving FLEFP problem with converting them to CLEFP problems and then used
by famous simplex type method by Swarup.

This paper is organized as follows: In Section 2 some basic definitions of fuzzy symmetric trapezoidal
fuzzy number and some arithmetic results also. In Section 3, formulation of FLFP problems and
application of ranking function for solving FLFP problems are established. A new method is proposed for
solving FLFP problems in Section 4. In Section 5, we give a numerical example involving symmetrical
trapezoidal fuzzy numbers to illustrate the theory developed in this paper.

2 | Preliminaries

The aim of this section is to present some notations and results of fuzzy set theory are discussed.

Definition 2.1. [5]. A convex fuzzy set A on Ris a fuzzy number if the following conditions hold:

a) Its membership function is piecewise continuous.
b) There exist three intervals [a, b], [b, c|] and [c, d] such that 4 is increasing on [a, b], equal to 1 on [b,
A

¢, decreasing on [c, d] and equal to 0 elsewhere.

Definition 2.2. [5]. The arithmetic operations on two symmetric trapezoidal fuzzy numbers

A= (a",a",a,a)and B= (b",bY,p,B) are given by:

A+B=(a"+b",a" +b" ,a+p,a+p),

A-B=(d—B',a" ~b",a-f,a—f)
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Definition 2.3. [5]. Let A= (a*,a",a,a) and B =b",b",5,4) be two symmetric trapezoidal fuzzy

numbers. The relations < and ~ are defined as follows:

L U_ bt — by — L, U L, U

a) (2 —a)+(a a)<( Akt A , that is 2*a b+b (in this case, we may write
2 2 2
A<B) or

L U L U N -
b) a -;a _b -;b b <a",a” <b” (In this case we say A~ B), or

L, U L, 35U - -
0) a+a :b +b ,b" =a",a" =bY,a< p (In this case we say A~ B).

2 2

Definition 2.4. [5] A fuzzy set A on Ris called a symmetric trapezoidal fuzzy number if its membership
function is defined as follows:

L
X—(a —a
@ -a)

o
1 a“ <x<a",

A ()= @" +a) - x
@ +a)-x a’ <x<a’+a,
o
0 else.

3 | General Form of FLFP Problem

In the proposed method, it is assumed that the general form of FLFP problems as follows:

Max Z—(EXJFOf
d'x+p
. (1Y)
s.t. Ax<b,
x>0.

Where &, d', &, B, bsymmetric trapezoidal fuzzy numbers and others are real numbers.

However, if all the parameters of (p1) are obtained by replacing CLFP problem.
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4 | Proposed FLFP Method

According to Definition 2.3, we define a rank for each symmetric trapezoidal fuzzy number for

comparison purposes. Assuming that A =(a",a”,a,a) is a symmetric trapezoidal fuzzy number, then

at+a"

R(A)=

. This equation allows us to convert the FLFP problem in to a Crisp Linear Fractional

Programming (CLEFP) problem. We substitute the rank order of each fuzzy number for the corresponding
fuzzy number in the fuzzy problem under consideration. This leads to an equivalent CLFP problem which
can be solved by standard method.

Next, we solve an example by our method.

Example we find the fuzzy optimal solution of the following problem.

~(4,6,2,2)x,+(2,4,3,3)x,

Max Z=
(4,6,3,3)x, +(1,3,2,2)x,
st 3x,+5x, <(13,15,6,6), M
5x, +2x, <(9,11,5,5),
X, X, 20.

We first substitute the rank order of each number for its corresponding fuzzy number in the above FLEFP
problem to obtain the following crisp linear fractional problem:

Max é: 5x, +3x,
5x, +2x, +1
st. 3x,+5x, <15, @
5x, +2x, <10,
X,,X, 20.

We then construct the standard form of the Eq. (2) as follows where X, x, the slack variables are

- 5x, +3x
Max Z=—1,—2_
5x1 + 2x2 +1
s.t. 3x, +5x, +X, =15, )

5x, +2x, +x, =10,

X, ,X,,X,,X, 20.

After computing Z/I —C/,,Zf -d, A}, and the usual matrix Y, the initial basics feasible solution is given in

the following table:



Table 1. Initial Iteration. Introduce y, and drop y,.

j 5 3 0 0
, 5 2 0 0
db C, Xp 2 Y, Ys Y4 min ratio
0 0 Yy=15 3 5 1 0 5
0 o vy,=10 5 2 0 1 2
22=1 7'=0 =0
1
276 5 3 0 0
2
z; —d, -5 2 0 0
A, 5 3 N _
Table 2. First Iteration. Introduce Y, and leave Y.
d Cy X, Yy Y, Y3 Yo minratio
0 0 Ys=9 0 19/5 1 -3/5 45/19
5 5 X, =2 1 2/5 0 1/5 5
z22=11 7z =10 =10/11
L% o 1 0 1
z; —d, 0 0 0 1
A B -11 B 1
Table 3. Second Iteration. Introduce Y, and leave Y.

d, C, X Y Y, Ys Ya Min ratio
2 3 X, =45/19 0 1 5/19 -3/19 -15
5 5 X, =20/19 1 0 2/19 5/19 4
2?=209/19 z'=235/19 z=0

zt—c
5o 0 0 5/19 16/19
zi —d, 0 0 0 1
A, B 1045/361 -1121/361
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Table 4. Final iteration. Optimal solution.

sig.oata Oy Cy Xo Ys Y, Ys Ya Min ratio
35

2 3 X, = 3/5 0 1/5 0

0 0 y, =4 -2/5 1 19/5 0

z22=7 '=9 z=9/7

2 =6 -16/5 0 3/5 0
zi —d, -19/5 0 2/5 0
A 59/5 - 3/5

Now, let us consider the above four tables. We have reached the maximum Z=9/7 and the optimum

solution x, =0, x,=3

5 | Conclusion

In this paper, a new method is proposed to find the fuzzy optimal solution of FLFP problems with
inequality constraints. We showed that the method proposed in this paper is very effective. To illustrate
the proposed method numerical examples are solved.
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