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Abstract. This paper proposes a new approach to solve fuizgarl fractional
programming problem (FLFPP). In this paper, the FRHs converted into crisp linear
fractional programming problem (LFPP) using rankingthod. The converted LFPP is
then solved by LU Decomposition method. An illustchexample shows the simplicity
of the proposed approach.
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1. Introduction

Linear fractional programming problem is mainly dse decision making process in
which the objective function is a fraction of twndar functions. Fractional programming
problems are used in many fields such as produgtianning, financial and corporate
planning, health care and hospital planning, et@n¥ researchers found various
techniques to solve linear fractional programmingofems.

Charnes and Cooper [1] transformed thalifi@ctional programming problem into
the linear programming problem by adding a new traimg and a new variable and then
the optimum solution is obtained by simplex meth@hinchole and Bhadane [2]
proposed LU factorization method to solve lineangnamming problem.Jayanth
Karthik and Chandrasekard8] solved fully fuzzy linear systems with trapedai
fuzzy number matrices by partitioning the block ricass. Pandian and Kavitha [4]
proposed a new method namely, parallel moving ntetbdind the optimal solution to
the fuzzy assignment problefRadhakrishnan, et.al. [5] found the positive soluti
of the fully fuzzy system of linear equations usi@gamer’s rule along with
Dodgson’s consideratiodain [6] proposed a Modified Gauss elimination téghe to
solve a separable nonlinear programming problerarr8a and Bansal [7] used branch
and bound method to find the integer solution efcfional programming problems.
Swarup [8] proposed a simplex algorithm to solveedir fractional programming
problem. Tantawy [9] presented an iterative metbaded on the conjugate gradient
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projection method for solving LFPP. LU Decompositis just a compact and relatively

numerically stable method to solve a system ofdinequations. For large n, the
3

i
computational time for LU Decomposition is proponil o5 , while for Gaussian
1

Elimination, the computational time is proportioma%. So for large n, the ratio of the
computational time for Gaussian elimination to caomagonal time for LU

nt pdn? _

Decomposition 5/ 3 — T . As an example, for the coeffitiematrix of order
2000%2000, computational time by Gaussian Elimamativould take n/4=2000/4=500
times the time it would take for LU Decomposition.

This paper is outlined as follows. 8att2 gives the preliminaries of the fuzzy
number. In Section 3, mathematical formulation loé tFLFPP is given. Section 4
describes the proposed method and Section 5 egplaw the proposed method is
applied to the LFPP. In Section 6, Yager’'s rankimgthod [10] is given and Section 7
gives the illustrated example and Section 8 coredute paper.

2. Preliminaries

In this section, some basic definitions relatinduzzy sets and triangular fuzzy numbers
are given.

Definition 2.1. A fuzzy set A is called normal if there is atdeane elemenk[JX such
that 1, (x)=1.

Definition 2.2. A fuzzy set A is called convex if for any, y O X andyath[O,l],
fa(Ax+ (1= A)y) 2 min{, (x), 2, (v}

Definition 2.3. The @ -level cut of a fuzzy set A is defined Ay, ={XD X /,UA(X) > a}

Definition 2.4. A fuzzy set is a fuzzy number if it satisfies ttmnditions of normality
and convexity.

Definition 2.5. Triangular fuzzy number
A triangular fuzzy numbefl =(&,,8,,8;,) with membership functip(:X) given by

X—a
,fora, <x<a
a,-a a 2 1
_a-x
X) = ,fora, < x< /
U =12 fora, < x<ag AN
0, elsewhere E x

Figure 1: Triangular fuzzy number
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Mathematical Formulation of FLFPP

~7 —
Maximize Z = EX—H.Y.

d'x+p
Subject to
Ax<hb
x=0

where x is an n-dimensional vector of decision \@es, andC,d arex1 vectoré

is anmxn constraint fuzzy matriy, is an - dimensiohlzy vector,& angs are
scalars.

3. LU decomposition method
Given a system offi ' linear equations with  unknewi/e write this system as

AY = BwhereA = [aij ]nxn Y = [ij B= [b|]

(i) Write A= LU , where L is the unit lower triangular materd U is the upper
triangular matrix. From this equation, we find Ldad.

(i) Now the system of equations becorhey = B

(i) LetUY =W . Now, we solvelW =B fow

(iv) UsingW , we solvadY =W for . This will give the solutifor the system
AY =B.

nx1 nx1

4. Application of LU decomposition method to solvéinear fractional
programming problem
Consider the following Linear Fractional ProgramgProblem.

G X Xyt +C X, ., ta
d,x, +d,Xx, +....... +d, X, L

Maximize z

Subjectto
Az X T Xy Tt 83, 5%, 5 S b,
AuX T Xy ot 3, 0X, S b4

Let us convert this linear fractional programmingldem into linear programming
problem using Charnes and Cooper method as below.
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Lett = andy, =tx;, fori =123......... ,n—-2

Now, we write the problem (1) as the following LPP.
Maximizez =cy, +c,Yy, +....+C,,Y,, +at

Subjectto

dyy, +dyy, +otd Ly, + A =1
g;Y; tagY, toF 8y, Yne Syt
Y ta,Y, tot A, Y, Sht

anlyl + an2 y2 Tt an,n—2 yn—2 = bnt

Yii Yoseeeen Yoo, t20

111 119 2)(
We write this LPP in the form of less than or egyalonstraints.
—CY; ~C Y, T ~CooYno—at+2<0
diy, +dpy, +e +d, LY, tAt=1
Ay Yy tagpy, *..t a5, Y~ bit<0
a41y1 + a42y2 oot a'4,n—2 yn—2 - b4t = 0
AuYr ta,Y, teta, oY ~ b,t<0
Yo~ Yoo~ Yoot 3)
Now the system of equations can be considered¥s B  erewh
[-¢, -¢, .. -¢,., —-a 1]
d d, .. d_ L 0
A= A 8 o Agpo _bs 0
8y 85 o u, ~b O
3y @y e B, T b, 0]
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Y 0]
Y, 1
0
Y = B= .
yn—2 0
t
— Z - _0_

Yager’s ranking method
Given a convex triangular fuzzy numb@r= (a,b,c) , e -duhe fuzzy

numberC s given byC,",C," )= ((b-a)a +a.c-(c-b)a)
The Yager’'s Ranking index [10] idided by

rRC)= j oslc, +c," Ha,
0
where (CD,L +C," ) is aar -level cut of fuzzy numbex

5. Numerical example
Consider the following FLFPP

(123)x, +(012)x,
135)x, +(111)x, +(369)

Maximize z = (
Subject to
(1,5,9)x; + (2,3,4)x, < (5,6,7)

(4510)x; + (0,1,2)x, < (46,8) e (4)
X1,Xp > 0

Now, we convert the FLFPP into the followierisp LFPP using Yager's ranking
method.

The a -cut of fuzzy numbe{123) iC,",C," ): (@+13-a)
1
R(123)= [05(a +1+3~a)da =2
0
Proceeding similarly, the problem (4) can be wniths the following crisp LFPP

2%, + X,

Maximizez= ———=—
3X, + X, +6

Subject to
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5, +3%, <6
7% +X,<6
X, X%, 20

1
let ———— =t andtx, = vy,, tx, =
3% +x, +6 1 =Y, X =Y,

The given LFPP becomes a LPP as below.

Maximize z =2y, + v,
Subject to

3y, +y,+t6t=1

7y, +y,-6t<0

Sy, +3y, -6t<0

Y1 Y, 120
Solution by LU decomposition method:
We write the above LPP as
—2y, -y, +2<0
3y, +y,+6t=1
7y, +y,-6t<0
Sy, +3y, —6t<0
~ Y1~ Y, t<0

We write the system adY = B

-2 -1 0 1 A 0
1 6 O Y, 1
where A= , Y= , B=
1 -6 0 t 0
5 3 -6 0 z 0

We write A= LU where L is a unit lower triangular mattikis an upper triangular
matrix.
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1 06 00 Uyp Up Uz Uy
| 1 0 O 0 u U, Uu
Thatis, L =| andJ = 2z T8 T
31 |32 1 O O O u33 u34
oy 12 1is 1 0 0 0 u,
1 0 0 Of{u; U, Uz U, -2 -1 0 1
Now,|l,, 1 O O||O0 uy, Uy U,| |5 3 -60
ly I, 1 0O[|O0 O uy, u,| |7 1 -6 0
ly 1o s 2//0 0 O u,| |3 1 6 0
On simplification, we get,
Uy ==2,Up, = —1Up =0,u, =1
3 1 _ _3
|21 _E!uzz _§1u23_61u24_§!
7
|y = _§1|32 ==5,Uz; = —36,U,, =4,
5
|41:_§1|42:_l|43:o’u44:4
1 0 0]
-2 -1 1
_§ 1 0 1 0 3
Thus L=| 7 u=|® 2 ° 3
us, L= , =
5 5 10 0 -36 -4
_§ 10 1 0 0 0 4
L 2 i
Now, LUY =B. We writeLW =B wher&)Y =W
Wl
W2
Now, we solvd_W=B for W, where W = W
3
W,
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1 0 ]
_§1 Wl 0

% w, | |1
—Eslows‘o
5o gl IO
L 2 _

On simplification, we get
w, =0,w, =1w, =-5w, =1

Y1
Finally, the solution matriX = Y2 is given by UY=W.
z
-2 -1 0 1 0
o -2 os 2yl
That is, 2 2 |7 |=
0 -36 -4t -3
0O O 0 4 | z 1
On simplification we get,
-1,-1..1,.1
nT T 9%,

Thus, the optimal solution of the LFPP is given by
X, = L = 3 = ﬁ = 3 Z= 1

1X - T
Lt 477t 4 4

6. Conclusion

In this paper, we proposed a new approach calle@etbmposition Method of matrices
to solve fuzzy linear fractional programming probl¢~LFPP). The FLFPP is converted
into crisp LFPP using Yager's Ranking method arehth is converted into LPP using
Charnes and Cooper method. In this approach, wehgetolution directly and the time
consumption is very less. A numerical example iegito show the simplicity of the
proposed approach and the solution is verified INGO 13.0 version also.
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