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Abstract. In this paper, a multi-objective intuitionistic fuzzy linear fractional programm -
ing problem is discussed with two different methods namely Kanti Swarup’s Fractional 
algorithm and weighting factor method in which the constraints are triangular 
intuitionistic fuzzy number. The optimal solutions are verified for the proposed methods. 
Numerical examples are provided to check the feasibility of the above methods. 
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1. Introduction 
Multi-objective optimization is the process of simultaneously optimizing two or more 
conflicting objectives subject to certain constraints. In many real world problems, there 
are situations where multiple objectives may be more appropriate rather than considering 
single objective. However, in such cases emphasis is on efficient solutions, which are 
optimal in a certain multi-objective sense.    
         Zimmermann (1978) first discussed the concept of fuzzy Multi-objective 
mathematical programming problems. Optimization in fuzzy environment was further 
studied and was applied in various areas by many researchers. Attanassov (1986) 
introduced the intuitionistic fuzzy sets as a powerful extension of fuzzy set by adding an 
additional non-membership degree, which may express more abundant and flexible 
information as compared with the fuzzy set. Recently, the research on intuitionistic fuzzy 
numbers has received a little attention and several definition of intuitionistic fuzzy 
numbers and ranking methods have been proposed. 
         Sophia Porchelvi and Rukmani [7] solved Multi-objective intuitionistic fuzzy linear 
programming problem (MOIFLPP) using a ranking procedure. This paper is used to 
transform the MOIFLP problem into a Multi-objective linear programming problem 
(MOLPP) and can be solved accordingly. 
         Linear Fractional Programming (LFP) problems are a special type of non-linear 
programming problems in which the objective function is a ratio of linear functions and 
the constraints are linear functions. In real life situations, linear fractional models arise in 
decision making such as construction planning, economic and commercial planning, 
health care and hospital planning. Several methods (Bajalinov 2003; Stancu-Minasian, 
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1997, 2006) have been recommended to solve LFP  Problems. Isbell and Marlow (1956) 
first identified an example of LFP Problems and solved it by a sequence of linear 
programming problems. Charnes and Cooper (1962) considered variable transformation 
method to solve LFP and the updated objective function method were developed for 
solving the LFP problem by Bitran and Novaes (1973). 
         Charnes and Cooper (1962) solved LFP by resolving it into two linear programming 
problems. Later, KantiSwarup (1986) gave an algorithm for the solution of programming 
problems with linear fractional functional without reducing it to linear programming 
problems. Here, we used this procedure to solve the problem. 
          Using weighting factor, P.A. Thakre et al., [5] solved Multi-objective fuzzy linear 
programming problem (MOFLPP) and I.M. Stancu-Minasian et al., [9] solved multi-
objective fuzzy linear fractional programming under constraints with fuzzy coefficients. 
Based on these papers, here to solve multi-objective intuitionistic fuzzy linear fractional 
programming problem (MOIFLFPP)  with intuitionistic fuzzy coefficients. 
 
This Paper is organized as follows : The paper begins with the Preliminaries section 
which provides some basic definitions and the concept of MOIFLFPP. The two different 
procedures for solving MOIFLFPP are given in section 3. A numerical example is solved  
in section 4, to show the efficiency of the proposed algorithm. The paper is concluded at 
the end of the section. 
 
2. Preliminaries 
2.1. Basic definitions 
Definition 2.1.1. An Intuitionistic fuzzy sets (IFS) �̅assigns to each element � of the 
universe X to a membership degree ������	[0,1]  and a non-membership ������	[0,1] 
such that������ + ������ ≤ 1  . An IFS �̅  is mathematically, represented as {<�, ������, ������ >/� ∈ �} .  The value ������ = �1 − ������� − �������  is called the 
degree of hesistancy or the intuitionistic index  of x to ��. 

 
Definition  2.1.2. A is trapezoidal intuitionistic fuzzy number with parameters b1≤a1≤ 
b2≤ a2≤ a3≤ b3≤ a4≤b4  is denoted by A = ( b1, a1, b2 , a2 ,a3 ,b3 ,a4 ,b4)  
In this case, the membership and non-membership functions are 
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If b2=b3 in a trapezoidal intuitionistic fuzzy number A, then it gives a triangular 
intuitionistic fuzzy number  (TrIFN) with parameters 
    b1≤a1≤ b2	� a2	= a3= b3� ≤ a4≤b4,and denoted by A = (b1, a1, b2 ,a2 ,b3)   
 
Definition 2.1.3. An ordered weighted averaging (OWA) operators of dimension n is a 

mapping RRf n →:  that has an associated n vector W 
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Definition 2.1.4. A Linear fractional programming problem is defined as follows:     

���� �!"#$��%� �!"&��� = �'(� + )��*(� + +� 
subject to the constraints : �� = ,, � ≥ 0, where 

(i) x,c and d are n×1 vectors 
(ii)  A is an m×n matrix, � = /�012, � = 1,… . ; 6 = 1,… . . % 
(iii)  b is an m×1 vector, 
(iv) ), + are scalars. 

 
Definition 2.1.5.  A  Multi objective linear fractional programming probl em is 
defined as 

���70 = 80���90��� , � = 1,……: 

where80��� = '(� + ), 90��� = *(� + + 
subject to the constraints : �� = ,, � ≥ 0, where 

(i) x,c and d are n×1 vectors 
(ii)  A is an m×n matrix, � = /�012, � = 1,… . ; 6 = 1,… . . % 
(iii)  b is an m×1 vector, 
(iv) ), + are scalars. 

 
Definition 2.1.6. If M = sup(s(A),s(B)), where s(A), s(B) is the support of�;  and <=  
respectively. The distance from intuitionistic fuzzy number >? to M is, 
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@/�;,�2 = A A B−CD�/�E�F�2 + ���G�F��2 + � I�/�G�F�2 − �/�E�F�2JK 				L/M
NL/M

L
O
+ D�/�E�F�2 + ���G�F��2 + � I�/�G�F�2 − �/�E�F�2JKPQ*�*F 

2.2. Multi-objective intuitionistic fuzzy linear fr actional programming  (MOIFLFP) 
using ranking algorithm 
Consider multi-objective intuitionistic fuzzy linear fractional programming problem  ���7R? = ST�U�VT�U� =	 W̃YUZ[\=YUZ]  , i = 1,2,3,…. 

 subject to �̂0L�L + �̂0M�M +⋯⋯+ �̂0`�` ≤ ,=0,                              (2.2.1)  
 �L, �M, ⋯⋯ , �` ≥ 0, � = 1,2,⋯⋯ . 
where �̂01 and ,=0 are triangular intuitionistic fuzzy numbers,  �̂0L = a��0LL, �0LM, �0Lb�/�0LL′, �0LM′ , �0Lb′2c; 

�̂ 0M = ��0ML, �0MM, �0Mb���0ML′ , �0MM′, �0Mb′� 
                                          ,………………………., �̂0` = {��0`L, �0`M, �0`b���0`L′ , �0`M′ , �0`b′�}and ,=0 = {�,0L, ,0M, ,0b��,0L′ , ,0M′, ,0b′�} . 
By the ranking algorithm used in Sophia Porchelvi [7], the above MOIFLFPP is 
transformed into a MOLFPP as follows: ���7R? = ST�U�VT�U� =	 W̃YUZ[\=YUZ]  , �	 = 	1,2,3, …. 
subject to ��0LL�L + �0ML�M +⋯⋯+ �0`L�`� + /�0LL′�L + �0ML′�M +⋯⋯+ �0`L′�`2 +	4��0LM�L + �0MM�M +⋯⋯+ �0`M�`� + ��0Lb�L + �0Mb�M +⋯⋯+ �0`b�`� +/�0Lb′�L + �0Mb′�M +⋯⋯+ �0`b′�`2 ≤ ,0L + ,0L′ + 4bgM + bgb + bgb′(2.2.2) �L, �M,⋯⋯�` ≥ 0, � = 1,2,⋯⋯ . 
 
2.3. Multi-Objective linear fractional programming problem using weighting factor 
The multi-objective intuitionistic fuzzy linear programming problem with intuitionistic 
fuzzy coefficients can be formulated as 

MaxU∈k {8;L���9̂L��� , 8
;M���9̂M��� , …… , 8

;l���9̂l���} 
subject to (2.2.1) where 80 : &` → &0  and 90: &` → &0 , where R be the set of all real 
numbers and &` be an n-dimensional Euclidean space. 
       By considering the weighting factor used in Minasian et al. [2], the multi-objective 
intuitionistic fuzzy linear fractional programming problem is defined as MaxU∈k{�oL8;L���,oM8;M���,…… ,ol8;l��� +�oLp9̂L���,oMp9̂M���,…… ,olp9̂l���}i.e.MaxU∈k ∑ {or8;r��� + orp9̂r���}lrsL  
subject to  (2.2.2) 
whereor ∈ [0,1]&∑ �or + orp� = 1lrsL  

3. Proposed algorithms  
3.1. Procedure for solving MOIFLPP using KantiSwarup’s fractional algorithm 
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Step 1: Consider the MOIFLPP in which the constraints are triangular intuitionistic fuzzy 
numbers. 
Step 2: Convert the constraints into the form (2.2.2) 
Step 3: Consider the most important objective subject to the intuitionistic fuzzy 
constraints (2.2.2).  
Step 4: Solve the problem using KantiSwarup’s Fractional algorithm. 
Step 5: Consider the next important objective subject to (2.2.2) with an additional 
constraint, obtained from step 3 which is nothing but the preemptive optimization . 
Step 6: Solve it again by using KantiSwarup’s Fractional algorithm to get the optimal 
solution. 
 
3.2. Procedure for solving MOIFLPP using weighting factor 
Step 1: Consider the MOIFLPP in which the constraints are triangular intuitionistic fuzzy 
numbers. 
Step 2: Convert the constraints into the form (2.2.2) 
Step 3: Using weighting factor, the multi-objective function is defined as MaxU∈k ∑ {or8;r��� + or ′9̂r���}lrsL  . 
Step 4: Solve the Linear programming problem 

MaxU∈k u{or8;r��� + or ′9̂r���}l
rsL  

subject to  (2.2.2)   
where or ∈ [0,1]&∑ �or + or ′� = 1lrsL  by simplex method for different weights.  

 
4. Numerical example 
Consider the MOIFLFPP  
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subject to ,1553 21 ≤+ xx 1025 21 ≤+ xx , 0, 21 ≥xx  

3=  = {(2.5,3,3.8)(2.4,3,4.2)} 
5=  = {(4.5,5,6.5)(4,5,7)} 
15w = {(14,15,15.5)(13,15,16)} 
5=  = {(4,5,6.5)(3,5,7.5)} 
2=  = {(1.5,2,3)(1,2,3.5)} 
10w = {(9,10,11.5)(8.5,10,12)} 
 
By [2.2.2], the constraints becomes 

24.9�L + 42�M ≤ 118.5 
                                                    41�L + 19.5�M ≤ 81                                                (4.1) 

�L , �M ≥ 0 
 
4.1. Numerical example for MOIFLPP using KantiSwarup’s fractional algorithm 
Consider the first objective  
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xx

xx
MaxZ  subject to  (4.1) 

Now, solve this using KantiSwarup’s Fractional algorithm. 
 
Initial Iteration: S1 and S2 are basic variables 

  cj 5 3 0 0  
  dj 5 2 0 0  

dB CB XB x1 x2 s1 s2 z 
0 0 S1=118.5 24.9 42 1 0 4.75 
0 0 S2=81 (41) 19.5 0 1 1.9* 

Z2 = 1 Z1 = 0       
  Zj

1
-cj -5 -3 0 0 

  Zj
2
-dj -5 -2 0 0  

  ∆1 (-5) -3 0 0  
First Iteration : S2 leaves and x1 enters into the basis 

  cj 5 3 0 0  
  dj 5 2 0 0  

dB CB XB x1 x2 s1 s2 z 
0 0 S1=69.2 0 (30) 1 -0.5 2.3* 
5 5 x1=1.98 1 0.48 0 0.02 4.13 

Z2 = 11 Z1 = 10       
  Zj

1
-cj 0 -0.6 0 0.1 

  Zj
2
-dj 0 0.4 0 0.1  

  ∆1 0 (-10.6) 0 0.1  
Second Iteration : S1 leaves and x2 enters into the basis 

  cj 5 3 0 0 
  dj 5 2 0 0 

dB CB XB x1 x2 s1 s2 
2 3 x2=2.3 0 1 0.03 0.17 
5 5 x1=0.88 1 0 -0.14 -0.06 

Z2 = 10 Z1 = 11.3      
  Zj

1
-cj 0 0 -0.61 0.21 

  Zj
2
-dj 0 0 -0.64 0.04 

  ∆1 0 0 1.1 1.64 
Here, all ∆1≥ 0, the solution is optimal. 

The optimum basic feasible solution is |} = ~. ��, |� = �. �, � =
�}

��
= }. }� 

Next, proceed to solve the problem with another objective function and an additional 
constraint, −~. ��|} + ~. ��|� ≥ }. }�  , obtained from the previous step. 

18

25
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21
2 ++

+=
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MaxZ  

subject   to       24.9�L + 42�M ≤ 118.5 
41�L + 19.5�M ≤ 81 

−0.65�L + 0.74�M ≥ 1.13 and �L	, �M ≥ 0 
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Again solve it by using KantiSwarup’s fractional algorithm, 
Initial Iteration : S1, S2 and R1 are basic variables 

  cj 5 2 0 0 0 -M  
  dj 1 8 0 0 0 -M  

dB CB XB x1 x2 s1 s2 s3 R1 z 
0 0 s1=118.5 24.9 42 1 0 0 0 2.82 
0 0 s2=81 41 19.5 0 1 0 0 4.15 

-M -M R1=1.13 -0.65 (0.74) 0 0 -1 1 1.5* 
Z2 = 1 Z1 = 0         

  Zj
1
-cj 0.65M-5 -0.74M-2 0 0 M 0  

  Zj
2
-dj 0.65M-1 -0.74M-8 0 0 M 0  

  ∆1 0.65M-5 -0.74M-2 0 0 M 0  
First Iteration : R1 leaves and x2 enters into the basis 

  cj 5 2 0 0 0  
  dj 1 8 0 0 0  

dB CB XB x1 x2 s1 s2 s3 z 
0 0 s1=54.24 (61.86) 0 1 0 56.7 0.876* 
0 0 s2=51.16 58.16 0 0 1 26.33 0.879 
8 2 x2=1.53 -0.88 1 0 0 -1.35 - 

Z2 = 
13.24 

Z1 = 
3.06 

       

  Zj
1
-cj -6.76 0 0 0 -2.7  

  Zj
2
-dj -8.04 0 0 0 -10.8  

  ∆1 -64.9 0 0 0 -2.71  
Second Iteration : S1 leaves and x1 enters into the basis 

  cj 5 2 0 0 0 
  dj 1 8 0 0 0 

dB CB XB x1 x2 s1 s2 s3 
1 5 x1=0.88 1 0 0.016 0 0.92 
0 0 s2=-0.02 0 0 -0.93 1 -27.17 
8 2 x2=2.3 0 1 0.014 0 -0.54 

Z2 = 
20.28 

Z1 = 9       

  Zj
1
-cj 0 0 0.108 0 3.52 

  Zj
2
-dj 0 0 0.128 0 -3.4 

  ∆1 0 0 1.04 0 101.99 
Here, all ∆1≥ 0, the solution is optimal. 

The optimum basic feasible solution is |} = ~. ��, |� = �. �, � =
�}

��
= ~. �� 

i.e. |} = ~. ��, |� = �. �, ��|	�} = }. }�,��|	�� = ~. ��. 
 
4.2. Numerical example for MOIFLPP using weighting factor 
Consider the problem as in 4.1. 
Using weighting factor the multi-objective function becomes, ���7 = oL�5�L + 3�M� + oM�5�L + 2�M� + oL′�5�L + 2�M + 1� + oM′��L + 8�M + 1� 
subject   to       24.9�L + 42�M ≤ 118.5 
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41�L + 19.5�M ≤ 81 
And �L	, �M ≥ 0 
Using TORA software we obtain the  solution for different weights. 
        Following table lists the solution for the above problem for various weights and it 
also shows that the solutions are independent of weights. 

S.No W1 W2 W1
1 W2

1 (x1,x2) 
1. 0.991 0.007 0.001 0.001 (0.88,2.3) 
2. 0.225 0.575 0.125 0.075 (0.88,2.3) 
3. 0.1 0.6 0.2 0.1 (0.88,2.3) 
4. 0.715 0.085 0.135 0.065 (0.88,2.3) 
5. 0.115 0.415 0.235 0.235 (0.88,2.3) 
6. 0.175 0.225 0.385 0.215 (0.88,2.3) 
7. 0.125 0.375 0.425 0.075 (0.88,2.3) 
8. 0.005 0.685 0.225 0.085 (0.88,2.3) 
9. 0.235 0.475 0.175 0.115 (0.88,2.3) 
10. 0.435 0.225 0.335 0.005 (0.88,2.3) 

     We get same result in both methods. In comparison of   both methods we conclude 
that weighting factor method is the best method because the solution procedure is very 
simple and the optimal solution can be obtained using software package. 
 
5. Conclusion  
In this paper, we discussed two different approaches for solving MOIFLPP such as 
KantiSwarup’s method and weighting factor method and conclude that the optimal 
solutions are same in both methods. The results are verified by means of a numerical 
example. 
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