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Abstract:

The fuzzy set and theory has been applied in many fields such as operations research , control
theory and management sciences etc ,an application of this theory in decision making problem is linear
fractional programming problem with fuzzy numbers , in this study we present a new method for
solving fuzzy number fractional linear programming problems by use of linear ranking function
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1- Introduction
Fuzzy set theory introduced by Zadeh [13] is generalization of conventional set theory to represent
vagueness or imprecision in everyday life in strict mathematical framework[3] . There are many
kinds of formulations to the objective function of problems, may be linear programming , quadratic
programming [11] , sum objective , multi-objective[9] and fractional linear programming[13], and
all of this kinds it is possible , that some coefficient of the problem in objective function ,technical-
coefficient or decision making variable be fuzzy numbers[. In this work , we focus on fractional
linear programming problem with fuzzy numbers in the objective function . Nassirie and etc [8]
proposed an method for solving linear programming problem with fuzzy numbers , Here we first
explain the comparison of fuzzy number by introducing ranking function[1] and then the method of
transformation of fractional linear programming into linear programming with fuzzy numbers .

2- Definitions and notations
We will review the necessary background of fuzzy set theory [13]
2.1- Fuzzy decision
Let X be a given set of all possible solutions to a decision problem . A fuzzy number A is a fuzzy
set on X characteristic by its membership function

pa X —[0]]
Where {0, 1 } is called the valuation set [14] .
If the valuation set is allowed to be real interval [0,1] then A is called the fuzzy set  zza (X)is

the degree of membership of X in A [10] . A fuzzy number A is convex normalized fuzzy set on
real line R such that

1) It exists at least one Xo € R with z(Xy) =1

2) 1 (X) is piecewise continues function .

Among the various types of fuzzy number ,triangular and Trapezoidal fuzzy numbers are the most
important[7],[10] , in this study we only consider Trapezoidal fuzzy numbers . A fuzzy numbers is
Trapezoidal fuzzy number if the membership function of it be in the following form :
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Figure 1 Trapezoidal fuzzy number

2.2- Arithmetic on fuzzy numbers
Let a = (aL,aU ,a, ) and b~ = (bl‘,bU ,&, ) be two Trapezoidal fuzzy arithmetic on the
Trapezoidal fuzzy numbers as shown below
image(a”) =-a~ = (-a" ,—a",ﬂ,a)
T PR ~ _¢(alL L U U
additionza +b =(a~-+b-,a” +b~ ,a+¢&, f+7)
Scalar multiplication
Xx>0,xa = (xaL xa  xa, X[3)

x<0,xa = (xaU ,xaLx,B, Xa)
[4].[6].

3- Ranking function

A convenient method for comparing of the fuzzy numbers is by use of the ranking functions[11] . A
ranking function is map from F(R) into real line , where F(R) is fuzzy line, now we will define
orders on F(R) as following :

a”>b™ iff R@")=Rb) (1)
R
a”~ >b™ iff R@")>R0) (2)
R
a”—biff W@)=NRb") @3)
R
Where @~ and b~ are in F(R) , It is obvious that we may write @ <b™ iff b~ >a " [6], since

R
there are many ranking functions for comparing fuzzy numbers , we only apply linear ranking

function ,so, it is obvious that if we suppose that R by any linear ranking function then
i)a">b"iff a -b” >0iff -b >-a"
R R
ii)ifa” >b and ¢ >d” ,then a +c >b +d~
R R R
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The ranking function we use in our paper is :

R(a~):a"+aU +%(ﬁ—a) (4)

where a~ = (ak,aY @, B) e FR) [10].

4- Fuzzy fractional linear programming

In this section we introduce fuzzy fractional linear programming (FFLP) so ,we first define
a fractional programming problems

4.1- Fractional linear programming
A fractional linear programming (FLP) is define as :

Max z:CXer
dx+q
sto (5)
AX <B
X >0

Where ¢=(C1,Cy...,Cr) , d=(d1,dz,...,dn) , B=(b1.bs,....bm)", X € R", X € X, p and q are scalar and
A=[ajj]nxm. Now if some parameter in (5) is fuzzy number then we obtain a fuzzy fractional linear
programming problems (FFLP)

4.2- Fuzzy linear fractional programming(FLFP)

Suppose that in (FLP) some parameters be fuzzy ,hence it is possible that some coefficients the
right-hand sides or decision making variable be fuzzy number in objective function[5] .

5- Fractional linear programming problems with fuzzy numbers

A fuzzy number fractional programming linear programming (FNFLP) problems is defined as
following :

Max zzEXJr?
R
dx+
f (6)
s.to
AX <B
X>0

Where be R™ X eR", xe X, AeR™™ ¢7.d7,p7,q" e(F(R)) and R is the linear
ranking function [8],[12].

Definition 5.1[10] - a vector X € R" is called feasible solution to (6) iff X is satisfies the
constraints of problem.

Definition 5.2[10] -A feasible solution X is an optimal solution for (6) if for all feasible solution x
for (6) we have : (C™X + p )/(d™X +q7))= (€™ x+p )/(d x+q7))
6-Complementry development method to solve fuzzy number fractional linear
programming (CDFNFLP)

It is one of methods which used to fractional linear programming problem that we will use it in this

paper to convert fuzzy number linear programming problem which give us the optimal solution by
using the Simplex method with fuzzy numbers.

6.1-Algorthem of complementary development method
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Step(1) : dividing objective function into two linear functions , the first function is represent the
numerator function and the second is denominator function and the value of objective function to be

maximum at possible it is must be the numerator function to be maximum ( max 21~ (X)) and the
denominator function be minimum ( min z, (X))

~%
Step(2) : reclamation a function maxz (X)from subtracting the denominator function from

nominator function and this function is putting in mathematical module made up of original
restriction of problem in addition to nonnegative conditions and to solve this linear system we
going to step(3)

Step(3) enervation the mathematical module to the standard form by adding slack variable (si) then
solve the system by using simplex method and when we getting a solution for X; we recompense in

_*
original objective function and then we reclamation the value of maxz (X)

~% ~%
Step(4) :we compare the value resulted from max z  (X) with the value of maxz (X) in the
last table . If the new value is greater than last value we keep going on solution else we stop and the
value of x; in the last table is optimal solution .

7- Numerical example
For an illustrate of the method above we solve (FNFLP) by using of (CDFNFLP)

Max 7~ — (4,6,810)x1 +(4,7,813)x9
g5 (01,3,4)x1 +(1,2,-3,-2)x7

s.to:
3X1 + 2X2 <12
4X1 + 5X2 <27

X1,X9 =0

Where (4,6,8,10) , (4,7,8,13) , (0,1,3,4) and (1,2,-3,-2) are fuzzy numbers .
We separate the objective function into sub-function with the same restricted

Max z; =(4,6,810)x +(4,7,8,13)x»
R
sto:

3X1 + 2% <12
4X1 +5Xp <27

X1, X9 2 0
and

Min z, =(0,1,3,4)%1 +(1,2,-3,-2)X»
R
sto:

3X1+2X2 <12
4X1 +5X2 <27
X1,X9 =0

~%
Now we construct Maxz  from step (2) in (CDFNFLP)

108



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

Max z~~ = (3,6,4,7)x1 +(2,6,6,7)x»
s.to:

3X1 +2X9 <12

4X1 +5X9 <27

X1,Xo = 0
We will transform the form above in standard form by adding slack variable to restriction

Max z7~ = (3,6,4,7)x1 +(2,6,6,7)X»

sto:

3X1 +2Xo + X3 =12

4X1 +5Xp + Xq4 =27

X1,X2 20

Now we building the first table of simplex method

(-6,-3,7,4) | (-6,-2,10,6)

3 2 1 0 12

4 5 0 1 27
(R(-6,-3,7,4), R(—6,-2,10,6)) = (—10.5,-10)

Since then x; will entry and x3 we get out

- 34 25 47, -
50,22 | @22,L 12,24,28.16
0 | 0T M2 o | )
2 1
1 - — 0 4
5 3
0 Z —ﬂ 1 11
3 3
34 25

(R(0), (5,0, 3 3)=09

Since the x, we entry and X4 Will leaving we have the following table

- - | (62,164 149, (015 25 34, | |, 333 1413 1458,
0|0 2l 2l %y 72t
1| o 15 2 6
21 7 7
o | 1 4 ! 33
7 3 7
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164 149 15 25 34

R(6,2, ), R0,~,2,2)) = (4.4052.786) > 0
(R(6.2, =5 RO =) = ( )
and (R(12, 225, 2413 1998, _ (60 6429)

72121

and now we use the optimality condition we find this base is the optimal solution for the problem

8- Conclusion

We considered the fractional linear programming problem with fuzzy numbers and introduce the
basic feasible solution for this problem and we get an algorithm to solve this problems by using
linear ranking function and simplex method
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