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ABSTRACT 

In this paper we propose to solve linear fractional programming problem, where all the 

decision parameters are trapezoidal fuzzy numbers. Our approach and computational 

procedures may be efficient and simple to implement for calculation in a trapezoidal fuzzy 

environment for all fields of engineering and science where impreciseness occur. Here we 

are formulating the given objective function into three objective bounds with constraints 

which can be solved further by Simplex method. A numerical example is presented to 

illustrate the proposed approach.  
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INTRODUCTION 

To figure out a linear fractional 

programming model that represents the 

real-world choice circumstances, different 

variables in regards to the real framework 

should be reflected in the objective 

function and constraints. Specialists assign 

several parameters with values to the 

objective functions and constraints. In 

practice, it is usual to consider that the 

possible values of these parameters are 

fuzzy numerical data, which can be 

represented as fuzzy numbers. There are 

certain decision situations that necessitate 

consideration of uncertainties in working 

environment best captured by fuzzy set 

theory. In previous studies, several 

methods have been suggested for solving 

linear fractional programming problems. 

Zadeh [1] is most popular for proposing 

fuzzy Mathematics, comprising of fuzzy 

mathematical concepts.  

 

Zimmermann [2] was the first to involve 

the fuzzy concepts in mathematical 

programming proposing a fuzzy way to 

deal with linear programming with  

 

multiple objective function. Chakraborty 

and Gupta[3] comprised of the modeling 

and optimization of a multi objective 

linear programming problem in fuzzy 

environment in which some goals are 

fractional and some are linear. Pramy and 

Islam [4] presented a modified method to 

find the efficient solutions of multi-

objective linear fractional programming 

(MOLFP) problem. Loganathan and 

Ganesan [5] proposed a method of solving 

the fully fuzzy linear fractional 

programming problems Das et al. [6] 

developed numerical model for the 

solution of single-objective linear 

fractional programming problem.  

 

Arya, Singh, Kumari and Obaidat  [7] 

proposed an algorithm for solving fully 

fuzzy multi-objective linear fractional 

optimization problem with the help of the 

ranking function and the weighted 

approach. Stanojevic et al.[8] suggested a 

method for solving the fuzzy linear 

fractional programming problems with 

equality constraints occurring in real-life 

situations, using the concept of crisp linear 
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programming and ranking function. Dasa, 

Edalatpanah [9] proposed a method to 

solve fractional linear programming 

problem under fuzzy environment based 

on ranking and decomposition methods. 

Stanojević et al. [10] provided empirical 

solutions to a special class of full fuzzy 

linear fractional programming problem. 

 

PRELIMINARIES 

Definition 2.1 A fuzzy set A is defined on universal set of real numbers R, is said to be a 

fuzzy number if its membership function satisfies the following conditions: 

 

1.                            is continuous 

2.                    for all ),[],(  dax  

3.              is strictly increasing on [a, b] and  strictly decreasing on [c, d] 

4.              = 1 for all ],[ cbx  where a < b < c < d 

Definition 2.2 (Triangular Fuzzy Number) A number ),,( nmlX 


 is said to be a triangular 

fuzzy number if its membership function is defined as 

 

dxc
dc
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bxa
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ax
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Definition 2.3 (Generalized Trapezoidal Fuzzy Numbers) A fuzzy set A is defined on 

universal set of real numbers R, is said to be a generalized fuzzy number if its membership 

function satisfies the following conditions 

 

]1,0[: RA  is continuous 

                for all ),[],(  dax  

          is strictly increasing on [a, b] and strictly decreasing on [c, d] 

          =    for all ],[ cbx where 10         

 

Definition 2.4 A number ),,,,( dcbaA   is said to be a generalized trapezoidal fuzzy 

number if its membership function is defined as 

 

otherwise

dxc
dc

dx

cxb

bxa
ab

ax
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Definition 2.5 Let the two triangular fuzzy numbers are ),,( nmlX 


, ),,( rqpY 


 said to be 

equal if and only if l = p, m = q and n = r 

 

Definition 2.6 Let the two triangular fuzzy numbers are ),,( nmlX 


, ),,( rqpY 


 then the 

arithmetic operations will be  

]1,0[: RA

0)( xA

)(xA
)(xA

0)( xA

)(xA

)(xA
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FUZZY LINEAR FRACTIONAL PROGRAMMING PROBLEM 

The fuzzy linear fractional programming problem can be written as 

)(

)(

xD

xN

xY

xX
Max

jjj

jjj

















 

s.t.   ijij bxa   njmi ,...,2,1,,...2,1   

0jx
           …(1)

 

For some values of xj, 0


jjj xY   Now, to avoid this condition, we assume that either  

00,  


jjjjijij xYxbxa   or 00,  


jjjjijij xYxbxa   

Assume that it satisfies the condition 00,  


jjjjijij xYxbxa   

 

Let us assume that        321321 ,,,,,,,,,,,   jjjjjjjjjj rqpYnmlX  are 

triangular fuzzy numbers, therefore problem (1) can be rewritten as 

 

   
   






321

321

,,,,

,,,,

jjjjjjj

jjjjjjj

xrqp

xnml
Max




 

s.t.      iiijijijij xvts  ,,,,
     

njmi ,...,2,1,,...2,1   

0jx
  …(2) 

 

To find the optimized solution of the given problem, we transform the objective function and 

constraints as follows 

 

       

        






13121

13121

,,

,,





jjjjjjjj

jjjjjjjj

xprxpqxp

xlnxlmxl
Max  

 

s.t.   ijij xs   

   iijijij xst 
 

   iijijij xsv 
 

0jx
   

njmi ,...,2,1,,...2,1   
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Assume that no point (z, 0) with 0z  is feasible for the given problem 

 

       tzlntzlmtzlMax jjjjjjjj   13121 ,,   

s.t.   0tzs ijij   

    0 tzst iijijij 
 

     0iijijij zsv 
 

        1,, 13121   tzprtzpqtzp jjjjjjjj 
 

0,0  tz j    
njmi ,...,2,1,,...2,1    …(3) 

 

Above problem can be converted into three crisp bounds 

Lower Bound 

 

  tzlMax jj 1  

s.t.   0tzs ijij   

    0 tzst iijijij 
 

     0iijijij zsv 
 

        1,, 13121   tzprtzpqtzp jjjjjjjj 
 

0,0  tz j    
njmi ,...,2,1,,...2,1       …(4) 

 

Middle Bound 

     tzlmMax jjj 12   

s.t.   0tzs ijij   

    0 tzst iijijij 
 

     0iijijij zsv 
 

        1,, 13121   tzprtzpqtzp jjjjjjjj 
 

0,0  tz j    
njmi ,...,2,1,,...2,1    …(5) 

 

Upper Bound 

   tzlnMax jjj  13   

s.t.   0tzs ijij   

    0 tzst iijijij 
 

     0iijijij zsv 
 

        1,, 13121   tzprtzpqtzp jjjjjjjj 
 

0,0  tz j    
njmi ,...,2,1,,...2,1     …(6) 

 

The solution values of z and t provide the optimal value of the objective function. 
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NUMERICAL EXAMPLE 

 

)5,2,1()4,3,2()6,5,4(

)5,4,3()3,2,1()6,4,1(

21

21





xx

xx
Max  

 )13,12,11()6,4,2()3,2,1.(. 21  xxts  

)15,11,9()7,6,5()6,4,2( 21  xx  

0, 21 xx  
 

tzzMax )5,4,3()3,2,1()6,4,1( 21   

0)13,12,11()6,4,2()3,2,1.(. 21  tzzts  

0)15,11,9()7,6,5()6,4,2( 21  tzz  
1)5,2,1()4,3,2()6,5,4( 21  tzz  

0,, 21 tzz  

 

Transform this into a system of fuzzy linear inequalities in parametric form 

tzztzztzzMax 847,3,3 212121   

0112

..

21  tzz

ts

 
02 21  tzz

 02484 21  tzz
 0952 21  tzz

 022 21  tzz
 024128 21  tzz  

124 21  tzz  

121  tzz  

16610 21  tzz  
0,, 21 tzz  

 

To find the optimal solution of the above problem, it can be converted into the following 

crisp lower bound, middle bound and upper bound problem. 

  

Lower Bound 

tzzMax 321   

0112

..

21  tzz

ts

 
02 21  tzz

 02484 21  tzz
 0952 21  tzz

 022 21  tzz
 024128 21  tzz  

124 21  tzz  
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121  tzz  

16610 21  tzz  
0,, 21 tzz  

 

Middle Bound 

tzzMax  213  

0112

..

21  tzz

ts

 
02 21  tzz

 02484 21  tzz
 0952 21  tzz

 022 21  tzz
 024128 21  tzz  

124 21  tzz  

121  tzz  

16610 21  tzz  
0,, 21 tzz  

 

Upper Bound 

tzzMax 847 21   

0112

..

21  tzz

ts

 
02 21  tzz

 02484 21  tzz
 0952 21  tzz

 022 21  tzz
 024128 21  tzz  

124 21  tzz  

121  tzz  

16610 21  tzz  
0,, 21 tzz  

 

The above transformed LPP can be solved by classical methods. 

 
CONCLUSION 

In this paper we propose to solve fractional programming problem, where all the decison 

variables are trapezoidal fuzzy numbers. Our methodology and computational strategies 

might be proficient and easy to carry out for estimation in a trapezoidal fuzzy variable for all 

fields of designing and science where uncertainty happen. 
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