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ABSTRACT
Linear Fractional programming problem is an optimization problem in which the objective is to maximize the fraction of two linear functions 
subject to a set of linear constraints. A new approach called Fourier Motzkin Elimination Method is used to solve the fuzzy linear fractional 
programming problem (FLFPP). In this paper, FLFPP is converted into crisp LFPP. en it is transformed into a multi objective linear 
programming problem and the objective functions are then changed into linear inequalities. Fourier Motzkin elimination is used to solve the 
system of linear inequalities. A numerical example is given to show the efficiency of the proposed method.
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1. INTRODUCTION  

 

Many researchers suggested various 

approaches to solve the linear fractional programming 

problem since it has been applied to various elds 

such as nance, healthcare, hospitals and production 

planning. Geir Dahl [2] presented a paper on 

combinatorial properties of Fourier-Motzkin 
Elimination. Juraj Stacho [3] suggested Fourier 

Elimination method to solve linear programming 

problems. Kanniappan and Thangavel [4] used 

modied Fourier eliminationation method for solving 

linear programming problems. Macro Chirandini [5] 

used Fourier Motzkin elimination to solve Linear 

programming problem. Pandian and Natarajan [6] 

proposed Modied Fourier Elimination Method for 

nding an optimal solution of transportation 

  

problems with mixed constraints. Partha Pratim Dey 

and Surapati Pramanik [7] proposed TOPSIS 

approach to solve linear fractional bi-level multi 

objective decision making problem. O’Donnell [8] 

solved 3-variable 5-constranit linear programming 

problem using Fourier Motzkin elimination method.  

Sohana Jahan and Ainul Islam [9] proved 

complementary slackness theorem for linear 

fractional programming problem. K. Subramani [10] 

used Fourier Motzkin elimination to solve the linear 

programming problem. Ryan H.P. Williams [13 ] used 

Fourier Motzkin Elimination to solve Integer 

Programming problems. Ranking technique plays an 

important role in decision making. Yager’s ranking 

method [15] is used for ranking of fuzzy numbers. 

The paper is organized as follows. Section 2 

gives the preliminaries of fuzzy numbers.  In section 

3, mathematical formulation of the FLFPP is given.. 

Fourier Motzkin elimination and the ranking of fuzzy 

numbers are given in Section 4. Numerical example is 

given in Section 5 and the conclusion is given in 

Section 6.  

 

2. Preliminaries 

Fuzzy Number: A fuzzy number is a fuzzy 

set ( ){ }xxA Am,
~
=  where [ ]1,0: ®XAm  and 

satises 

(i) Am  is piecewise  continuous 

(ii) There is at least one element  

such that . 

(iii)  A is convex, that is, 

( )( ) ( ) ( ){ }yxyx AAA mmllm ,min1 ³-+

 if for any  and any  

 

Trapezoidal Fuzzy Number:  A trapezoidal 

fuzzy number { }4321 ,,,
~

aaaaAT =  where 

4321 ,,, aaaa
 

are real numbers and its 

membership is given below 
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3. Mathematical formulation of fuzzy 

problem 

Maximize  
b

a
~~

~~~

+

+
=

xd

xc
Z

T

T

 

Subject to    

                    0

~~

³

£

x

bxA
                            (1)                                            

where x  is an n-dimensional vector of 

decision variables, and dc, are 1´n  vectors, 

A  is an nm´  constraint fuzzy matrix, b  is 

an m- dimensional fuzzy vector, a~  and b
~

 

are scalars. 

 

4. Solution Procedure 

The problem given in (1) is converted into 

crisp LFPP using Yager’s ranking index as 

below.  

Maximize  
b

a

+

+
=

xd

xc
Z

T

T

 

Subject to    

                    0³

£

x

bAx
                            (2)

 

The problem given in (2) can be written as 

the following multi objective LPP.  

Maximize  a+= xcz T
1  

Minimize b+= xdz T
2  

Subject to    

 
bAx£  

 0³x
                   

Since 

 11 zMaximizez £  and 22 zMinimizez ³  

The above problem can again be written as  

  Maximize Z 

  Subject to    

 
( ) 01 £+- axcz T  

 02 £-+ zxdT b  

 bAx£  

 0³x  
                   

4.1 Fourier Motzkin Elimination

 

Step 1: Since the objective function is to be 

maximized, convert all the inequalities into 

£  type. 

Step 2: To eliminate 1x , add each of the 

inequalities having positive coefcient of 

1x  with each of the inequalities having 

negative coefcient of 1x  by making the 

numerical value of the coefcients of 1x  

same. Addition of every pair of such 

inequalities generates a new inequality 

without 1x .  Now we get the new system of 

linear inequalities without 1x . 

Step 3: Repeat the same process for 

eliminating the variables 1,32 .....,, zxx  until 

only 2z  remains to be eliminated. 

Redundant inequalities can be omitted. 

Step 4: Find the greatest value of 1z  and 

the smallest value of 2z  that satisfy all the 

resulting inequalities. 

Step 5: Substitute the values of 1z  and 2z  

in the reverse order so that the values of 

eliminated variables can be obtained.   

 

4.2. Ranking of Trapezoida Fuzzy 

numbers  
 Given a convex trapezoidal fuzzy number

{ }4321 ,,,
~

aaaaC = , the -cut of the fuzzy 

number  is given by 

( ) ( ) ( )( )aaaa 344112 ,, aaaaaaCC
UL

--+-=
 
 

 The Yager’s Ranking index is dened by  

,  

where ( )UL
CC aa ,  is a -level cut of fuzzy 

number .  

 

5. Numerical Example 

Maximize 
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )7,6,4,33,2,0,16,4,2,01,1,1,1

1,1,1,14,3,1,09,6,4,15,4,2,1

321

321

+-++

-++
=

xxx

xxx
Z

a

C
~

( ) ( ) aaa dCCCR
UL

ò +=
1

0

5.0
~

a

C
~
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Subject to the constraints 

( ) ( ) ( ) ( )6,3,1,21,1,1,15,3,1,16,4,2,0 321 -£+-+ xxx  

( ) ( ) ( ) ( )4,2,0,21,1,1,16,5,3,23,2,0,1 321 -£++- xxx  

0,0,0 321 ³³³ xxx  

( ) ( ) ( )( ) 34551125.05,4,2,1
1

0

=--++-=ò aaa dR

( ) ( ) ( )( ) 56991145.09,6,4,1 =--++-= ò aaR

Proceeding in this way, the above fuzzy 

linear fractional programming problem can 

be written as the following crisp linear 

fractional programming problem.
 

Maximize 
53

1253

321

321

+++

-++
=

xxx

xxx
Z  

Subject to 

223 321 £++ xxx  

14 321 £++ xxx  

0,0,0 321 ³³³ xxx  

The given problem can be written as the 

following multi objective linear 

programming problem. 

1253 3211 -++= xxxzMaximize  

53 3212 +++= xxxzMinimize  

Subject to  

223 321 £++ xxx  

14 321 £++ xxx  

01 ³x ; 02 ³x ; 03 ³x  

Change the objective functions into 

constraints and all the constraints are of £

type. The problem becomes as below. 

Maximize Z 

Subject to  

1253 1321 -£+--- zxxx  

53 2321 -£-++ zxxx  

223 321 £++ xxx  

14 321 £++ xxx  

01 £- x ; 02 £- x ; 03 £- x  

To eliminate 1x , add each of the inequalities 

 

having positive coefcient of 1x  with each 

of the inequalities having negative 

coefcient of 1x  by making numerical value 

of the coefcients of 1x  same. A new system 

of linear inequalities without 1x   is obtained.  

1634 2132 -£-++ zzxx  

13 132 £+-- zxx  

27 132 £++ zxx  

53 232 -£-+ zxx  

22 32 £+ xx  

14 32 £+ xx  

02 £- x  

03 £- x  

To eliminate 2x , add each of the inequalities 

having positive coefcient of 2x  with each 

of the inequalities having negative 

coefcient of 2x  by making numerical value 

of the coefcients of 2x  same.  A new 

system of linear inequalities without 2x   is 

obtained.  

4497 213 -£-+- zzx  

13104 13 £+- zx  

421 -£- zz  

82 13 £+ zx  

74 13 £+- zx  

163 213 -£-+ zzx  

2163 13213 £+-£-+ zxzzx  

523 -£- zx  

13 £x ; 03 £- x
 

To eliminate 3x , add each of the inequalities 

having positive coefcient of 3x  with each 

of the inequalities having negative 

coefcient of

3

x

 

by making numerical value 

of the coefcients of x same.  A new 

system of linear inequalities without 3x is 
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.11  

5.2156 11 £Þ£ zz  

482 11 £Þ£ zz  

5.24518 11 £Þ£ zz  

153260128 2121 -£-Þ-£- zzzz  

511214 21 -£- zz  

935 21 -£- zz  

163 21 -£- zz  

4298 21 -£- zz  

5.12114 11 £Þ£ zz  

3.3103 11 £Þ£ zz  

8.195 11 £Þ£ zz  

21 £z  

obtained.  

43699 2121 -£-Þ-£- zzzz  

524518 £Þ£ zz

49107 21 -£- zz  

7410 21 -£- zz  

24 21 £- zz  

55 22 ³Þ-£- zz  

4397 21 -£- zz  

1710 1 £z ; 74 1 £z  

421 -£- zz  

1532 21 -£- zz  

511214 21 -£- zz  

935 21 -£- zz  

163 21 -£- zz  

4298 21 -£- zz  

49107 21 -£- zz  

7410 21 -£- zz  

24 21 £- zz  
52 ³z ; 5.11 £z  

The least upper bound is 1z   is 1.5.Therefore, 

Max 5.11 =z  
On Substituting 5.11 =z  using backward 

substitution, we get 

52 ³z , 5.52 ³z ; 62 ³z  

5.52 ³z ; 8.52 ³z  

Therefore, the greatest lower bound of 2z is 

6. Therefore Min 62 =z    
5.03 ³x ; 53 £x  

13 -³x ; 5.03 £x ; 13 £x  

Therefore, 5.0,0  ,5.0 321 === xxx
 

The optimal solution is  

25.0,5.0,0  ,5.0 321 ==== Zxxx
 

6. Conclusion 

We consider the fuzzy linear fractional 

programming problem and it is converted 

into crisp linear fractional programming 

problem using Yager’s ranking method. The 

crisp linear fractional programming problem 
is written as multi objective linear fractional 

programming problem. The objective 

functions are changed into linear inequalities 

and then the system of linear inequalities is 

solved by Fourier Motzkin elimination by 

eliminating one variable at each iteration and 

the solution is obtained by the backward 

substitution. The solution is veried by lingo 

13.0 version also.  
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