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Abstract- In this paper we propose an algorithm for solving Intuitionistic fuzzy nonlinear programming problems (IFNLPP) 

involving triangular Intuitionistic fuzzy numbers (TIFN). Here, the multi-objective nonlinear problem is converted into a single 

objective nonlinear programming problem and the problem is defuzzified by using triangular Intuitionistic fuzzy numbers. 

Then the problem is converted into crisp nonlinear programming problem. Numerical examples are provided to show the 

efficiency of the proposed algorithm. 
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I. INTRODUCTIONS 

Nonlinear programming is one of the most important 

operations research techniques. In an earlier work sanjaya 

Kumar Behera and Jyoti Ranjan Nayak [1] have proposed to 

find optimal solution to fuzzy nonlinear programming 

problems.Fuzzy sets are an efficient and reliable tool that 

allows us to handle such systems having imprecise 

parameters effectively. Atanossov [2] extended the fuzzy 

sets to the theory Intuitionistic fuzzy sets. His studies 

emphasized that in a view of handling imprecision, 

vagueness or uncertainty information both the degree of 

belonging and degree of non-belonging should be 

considered as two independent properties as these are not 

complement of each other. The concept of IFS can be 

viewed as an alternative approach to define a fuzzy set, in 

case where available information is not sufficient for the 

definition of an imprecise concept by means of a 

conventional fuzzy set. Thus, it is expected that IFS can be 

used to simulate human decision-making process and 

activities requiring human expertise and knowledge that are 

inevitably imprecise or totally reliable. Dubey et al [3] have 

studied with fuzzy linear programming with intuitionistic 

fuzzy numbers. 

 

Recently, Li et al [4,5] has introduced a ratio ranking 

method for triangular intuitionistic fuzzy numbers. Then, it 

is applied to solve MADM problems. To this end, the value 

and ambiguity of TIFNs are used to obtain a new ranking 

approach. Using similar idea, Salahsshour et al [6] proposed 

other new ranking approach for TIFNs based on the value 

and ambiguity.   Here, we have given some basic definitions 

and proposed an algorithm for solving Intuitionistic fuzzy 

nonlinear programming problems (IFNLPP) involving 

triangular Intuitionistic fuzzy numbers (TIFN). 

The organization of the paper is as follows, Section I 

contains the introduction of Intuitionistic fuzzy nonlinear 

programming problems (IFNLPP) and triangular 

Intuitionistic fuzzy numbers , Section II contain the some 

basic definitions  and new ranking functions are given, 

Section III contain the mathematical formulation of 

Intuitionistic fuzzy nonlinear programming problem,   

Section IV contain the proposed method to solve the Multi-

objective Intuitionistic fuzzy nonlinear programming 

problem  section V contain the numerical example by using 

proposed method, Section VI describes results and 

conclusion. 

II. PRELIMINARIES  

Definition 2.1: [7] 

Let X is a collection of objects denoted by x , and then a 

fuzzy set a~  in X is a set of ordered pairs:     

},/)(,{(~
~ Xxxxa a   Where )(~ xa  is called the 

membership function of grade of membership of x  in a~

that maps X to the membership space [0, 1].   

      

Definition 2.2: 

Let X is a collection of objects then an intiuitionistic fuzzy 

set a~ in X is defined as: },/)(),(,{(~
~ Xxxvxxa aa  

  

where
  

)(~ xa  
and

 
)(xva are called the membership and 

nonmember ship
 
functions of

 
x in

 
a~

 
respectively.
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Where

 
]1,0[: Xa  

and
 

]1,0[: Xva and
 

)(~ xa 1)( xva  

Definition 2.3: 

For every common fuzzy subset a~  on X, Intiuitionistic 

Fuzzy Index of X in a~ is defined as

)()(1)( ~~ xvxx aaa   . It is also known as degree of 

hesitancy or degree of uncertainty of the element of x in A. 

Obviously, for every .1)(0, ~  xXx a  

Definition 2.4: 

An Intiuitionistic Fuzzy Number (IFN) a~ is an 

Intiuitionistic fuzzy subset of the real line. 

(a) Normal, that is there is any
,0 Rx 
such that 

.0)(,1)( 00~  xvx aa  

(b) Convex for the membership function ),(~ xa that is,      

 

))(),(min())1(( 2~1~21~ xxxx aaa  
 

for 

every ].1,0[,, 21  Rxx  

(c) Concave for the non-membership function 

))(),(max())1(( 2~1~21~ xvxvxxv aaa   for every 

].1,0[,, 21  Rxx  

  Definition 2.5: [8] 

a~ is Triangular Intuitionistic Fuzzy Number (TIFN) with 

parameters 
'

3321

'

1 aaaaa  and denoted by 

),,,;,,,(~
~

'

32

'

1~321 aa uaaawaaaa  having the 

membership function and non-membership function as 

follows: 
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axafor
aa

ax

axfor

xa  
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~

1

0

1

)(

axfor

axafor
aa

ax

axfor

axafor
aa

xa

axfor

xa  

                           

Note: 

Here )(~ xa  increases with constant rate for ],[ 21 aax  

and decreases with constant rate for ],[ 32 aax , but 

)(xva  decreases with constant rate for ],[ 2

'

1 aax  and 

increases with constant rate for ],[ '

32 aax . 

Particular cases 

 

Let ),,,;,,,(~
~

'

32

'

1~321 aa uaaawaaaa  be a Triangular 

Intuitionistic Fuzzy Number. Then the following cases aries 

 

Case 1:  

If 1

'

1 aa  , 
'

33 aa  then a~ represent Triangular Fuzzy 

Number (TFN). 

 

Case 2: 

If 1

'

1 aa  = 
'

33 aa  = m then a~ represent a real number 

m. 

 

We denote this triangular Intuitionistic fuzzy number by

),,,;,,,(~
~

'

32

'

1~321 aa uaaawaaaa  . We use F(R) to 

denote the set of all Intuitionistic fuzzy numbers. 

 

Also if 2am  represents the modal value (or) midpoint, 

)( 121 aa   represents the left spread and 

)( 231 aa  right spread of membership function and 

)( 122 aa   represents the left spread and 

)( 232 aa  right spread of non-membership function. 

 

Definition 2.6: [9] 
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Let ),,,;,,,(~
~

'

32

'

1~321 aa uaaawaaaa  be a Triangular 

Intuitionistic Fuzzy Number. Then the value and      

ambiguity of a~ are given as follows. 

 

(i) The value of the membership function of a~ is, 

           
6

)4(
)~(

~321 awaaa
av


  

While the value of the non- membership function is, 

6

)1)(4(
)~(

~
'

32

'

1 a
v

uaaa
av


  

(ii) The ambiguity of the membership function of a~ is, 
   

3

)(
)~(

~13 awaa
aB


  

While the ambiguity of the non- membership function is, 

3

)1)((
)~(

~
'

1

'

3 a
v

uaa
aB




 
III. FUZZY INTUITIONISTIC NONLINEAR 

PROGRAMMING PROBLEM: [10, 11] 

 

Intuitionistic Nonlinear programming problem with 

triangular intuitionistic fuzzy variables is    defined as 

follows: 

j

Im

j

j

II

xcZMax
~

1

~~






 
Subject to  

I

ij

Im

j

ij

I

bxa
~~

1

~




  for all  i = 1, 2,………….m. 

Where 

I

A
~

= ( ij

I

a
~

), and j

I

x
~

, 
I

ib
~

and 

I

jc
~

are 

intuitionistic fuzzy numbers and
~~

0j

I

x ,  

            

            j = 1, 2…n. 

 

IV. PROPOSED METHOD 

 

1. To find the solution of a multi-objective intuitionistic 

fuzzy nonlinear programming problem, 

Define ]),,,(),,,,[(~
~

'

32

'

1~321 aa uaaawaaaa 
 

and
 

)],,,(),,,,[(
~

~
'

32

'

1~321 bb
ubbbwbbbb   

2. Convert the
 
multi-objective intuitionistic fuzzy nonlinear 

programming problem into a single objective intuitionistic 

fuzzy nonlinear programming problem using      

{min;,,({
~~

332211 babababa  aw~ ,
b

w~ })}, 

{min;'',,''({ 332211 bababa   au~ , 
b

u~ })} 

3. Defuzzify the IFNLP into a crisp nonlinear programming 

using 

 

The value of ),~(ap     

                      

)~()~()~( aSaSap v    

Where    
)~(1

)~(
)~(

aB

aV
aS








        

)~(1

)~(
)~(

aB

aV
aS

v

v
v


  

4. Formulate the nonlinear programming problem. 

 

5. Solve the NLPP by any one of the used procedure.  

 

V. NUMERICAL EXAMPLE 

 
2

121 6
~

3
~

5
~

xxxMax   

 

2

1

~

2

~

1

~

124825 xxxMax   

 

 

Subject to 

 
~

21 123
~

4
~

 xx  

 

6
~

3
~

1
~

21  xx  

                  

0, 21 xx  

 

Where, 

})4/1;1.6,5,4()4/3;6,5,4({5
~

1 C
 

 

})4/1;5.3,3,2()2/1;2.3,3,5.2({3
~

2 C
 

 

})4/1;1.8,6,5()4/3;5.7,6,5.5({6
~

3 C  

})1;34,25,18()9.0;33,25,19({25
~

1 P  
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})1;56,48,43()9.0;54,48,44({48
~

2 P  

})0;14,12,11()1;13,12,11({12
~

3 P  

         Subject to 

 

})0;5,4,3()1;1.4,5,3({4
~

11 a  

})5/1;6.3,3,4.2()4/3;5.3,3,5.2({3
~

12 a  

})0;2,1,0()1;2,1,0({1
~

21 a  

})6/1;2.3,3,5.2()4/3;2.3,3,8.2({3
~

22 a  

})0;14,12,11()1;13,12,11({12
~

1 b  

})4/1;1.8,6,5()4/3;5.7,6,5.5({6
~

2 b  

For, converting multi-objective into single objective, 

111 PCX 
 

})}1,4/1{max;341.6,255,184(

})9.0,4/3{min;336,255,194({





 

[ 

       
= {(23, 30, 39; 3/4) (22, 30, 40.1; 1)} 

Similarly,
 

222 PCX 
 

      
= {(46.5, 51, 57.2; 0.5)(45, 51, 59.5; 1)} 

333 PCX 
 

      
= {(16.5, 18, 20.5; 3/4) (16, 18, 22.1; 1/4)} 

For Defuzzification, 

1X {(23, 30, 39; 3/4) (22, 30, 40.1; 1)} 

, 0)~( aVv , 
4)~( aB ,

0)~( aBv ,
55.4)~( aS ,

0)~( aSv  

Therefore,        

P (X1) = 4.55  

Similarly, 

P (X2) = 9.2137                 

P (X3) = 1.362 

P (a11) = 0.8775 

P (a12) = - 0.018 

P (a21) = 0  

P (a22) = 0.005 

P (b1) = 3.14755  

P (b2) = 0.47073  

Therefore the crisp nonlinear programming is  

2

11 362.12137.955.4 xxMax   

 Subject to 

0,

47033.0005.00

14755.3018.08775.0

21

21

21







xx

xx

xx

 

Using wolf’s method, the optimum feasible solution is 

obtained and is given by   

670.11 x   ,  942 x ,   89.869zMax  

VI. CONCLUSION 

We have proposed a new method to solve the multi-

objective intuitionistic fuzzy nonlinear      

Programming problem. This paper is useful to solve the 

multi-objective intuitionistic fuzzy nonlinear programming 

problem. It is also helps to defuzzification of TIFNLP 

problems. A numerical example is given to show the 

efficiency of the methodology.  
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