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Abstract 

This paper extends the value and ambiguity indexes for triangular intuitionistic 

fuzzy number (TIFN) defined in [1] to trapezoidal intuitionistic fuzzy number 

(TrIFN), which is used to develop a new ranking function to compare TrIFNs. 

The proposed ranking function is then used to solve fuzzy linear programming 

problem with data as TrIFNs.  A numerical illustration of the proposed method 

is also given. 
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1. INTRODUCTION 

Linear programming problems have been widely used to model real world problems 

encountered in allocation, operations research, economic problems and so forth. 

However, in practical applications, the exact values of the coefficients are either 

vague or ambiguous due to subjective view-point of the decision maker. Such 

problems can be modeled using fuzzy sets. Fuzzy set theory was presented by Zadeh 

[2]. It was taken ahead when Bellman and Zadeh [3] proposed the concept of decision 

making in fuzzy environments. After the pioneering work on fuzzy linear 

programming by Zimmermann [4], several kinds of fuzzy linear programming 

problems have appeared in the literature [5, 6] and different methods have been 

proposed to solve such problems. Fuzzy linear programming applications in real-

world situations are numerous and diverse. For example, water supply planning [7] 

and farm structure optimization problem in agricultural economics [8], aggregate 
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production planning problem [9] and machine optimization problems in 

manufacturing and production [10], capital asset pricing model in banking and finance 

[11]. The most common concept used in almost all these studies is ranking of fuzzy 

numbers. There exists a large amount of literature involving the ranking of fuzzy 

numbers [12-18].  

Atanassov [19] introduced the concept of intuitionistic fuzzy sets (IFS), which is a 

generalization of the fuzzy set and an IFS may express and describe information in a 

more flexible way than a fuzzy set when uncertainity is involved. Li [20] defined the 

basic arithmetic operations of TIFNs using the membership and non-membership 

values. Mitchell [21] interpreted an IFN as an ensemble of ordinary fuzzy numbers 

and introduced a ranking method. Nagoorgani and Ponnalagu [22] introduced a 

method of scoring TIFN to rank fuzzy numbers and thereby proposed a method to 

solve intuitionistic fuzzy linear programming problems. Li [1] introduced a new 

definition of TIFN. He defined two concepts of the value and the ambiguity of a TIFN 

similar to those for a fuzzy number introduced by Delgado et al. [23].  

In this paper we extend the value and the ambiguity index defined for TIFNs in [1] to 

TrIFNs. Based upon these indexes we define an ordering relation for TrIFNs, which is 

used to rank TrIFNs. This ordering relation is then used to solve a linear programming 

problem with data as TrIFNs. The fuzzy linear programming problem is converted to 

a crisp linear programming problem using the ordering relation. The thus obtained 

crisp linear programming problem is solved by using Matlab.  A numerical illustration 

of the method is provided.            

   

2. PRELIMINARIES  

2.1 Basic Definitions 

Definition 1 [19]. Given a fixed set 𝑋 = {𝑥1, 𝑥2, … , 𝑥𝑛}, an intuitionistic fuzzy set 

(IFS) is defined as 𝐴 = (𝑥𝑖 , 𝜇𝐴(𝑥𝑖), 𝜗𝐴(𝑥𝑖)|𝑥𝑖𝜖𝑋), which assigns to each element 𝑥𝑖 a 

membership degree 𝜇𝐴(𝑥𝑖) and a non-membership degree 𝜗𝐴(𝑥𝑖) under the condition 

0 ≤ 𝜇𝐴(𝑥𝑖) + 𝜗𝐴(𝑥𝑖) ≤ 1 for all 𝑥𝑖𝜖𝑋. 

 

Definition 2. A fuzzy number �̃� = (𝑎1, 𝑎2, 𝑎3, 𝑎4) is a trapezoidal fuzzy number if its 

membership function is as follows 

𝜇�̃�(𝑥) =

{
 
 

 
 
𝑥 − 𝑎1
𝑎2 − 𝑎1

𝑎1 ≤ 𝑥 ≤ 𝑎2

1 𝑎2 ≤ 𝑥 ≤ 𝑎3
𝑥 − 𝑎4
𝑎3 − 𝑎4

𝑎3 ≤ 𝑥 ≤ 𝑎4

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Definition 3. A fuzzy number 𝐴�̃� is said to be a trapezoidal intuitionistic fuzzy 

number if 𝐴�̃� is an IFS in ℝ with the following membership function 𝜇𝐴(𝑥𝑖) and non-

membership function 𝜗𝐴(𝑥𝑖) 

   

𝜇�̃�(𝑥) =

{
 
 

 
 
𝑥 − 𝑎1
𝑎2 − 𝑎1

𝑎1 ≤ 𝑥 ≤ 𝑎2

1 𝑎2 ≤ 𝑥 ≤ 𝑎3
𝑥 − 𝑎4
𝑎3 − 𝑎4

𝑎3 ≤ 𝑥 ≤ 𝑎4

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

And,  

𝜗�̃�(𝑥) =

{
 
 

 
 
𝑎2 − 𝑥

𝑎2 − 𝑎1′
𝑎1′ ≤ 𝑥 ≤ 𝑎2

0 𝑎2 ≤ 𝑥 ≤ 𝑎3
𝑥 − 𝑎3
𝑎4′− 𝑎3

𝑎3 ≤ 𝑥 ≤ 𝑎4′

1 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

Where 𝑎1′ ≤ 𝑎1 ≤ 𝑎2 ≤ 𝑎3 ≤ 𝑎4 ≤ 𝑎4′, 𝜇�̃�(𝑥) + 𝜗�̃�(𝑥) ≤ 1.  

It is denoted by 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)}. 

 

Figure 1. trapezoidal intuitionistic fuzzy number 
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2.2 Arithmetic operations on TrIFNs. 

Let 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} and 

      𝐵�̃� = {(𝑏1, 𝑏2, 𝑏3, 𝑏4); (𝑏1′, 𝑏2, 𝑏3, 𝑏4′)} be two TrIFNs and 𝑘 be any real number. 

The arithmetic operations over TrIFNs are defined as follows: 

 

𝐴�̃� + 𝐵�̃� = {(𝑎1 + 𝑏1, 𝑎2 + 𝑏2, 𝑎3 + 𝑏3, 𝑎4 + 𝑏4); (𝑎1′+ 𝑏1′, 𝑎2 + 𝑏2, 𝑎3 + 𝑏3, 𝑎4′+ 𝑏4′)} 

𝐴�̃� − 𝐵�̃� = {(𝑎1 − 𝑏4, 𝑎2 − 𝑏3, 𝑎3 − 𝑏2, 𝑎4 − 𝑏1); (𝑎1′− 𝑏4′, 𝑎2 − 𝑏3, 𝑎3 − 𝑏2, 𝑎4′− 𝑏1′)} 

𝐴�̃� . 𝐵�̃� = {

{(𝑎1𝑏1, 𝑎2𝑏2, 𝑎3𝑏3, 𝑎4𝑏4); (𝑎1′𝑏1′, 𝑎2𝑏2, 𝑎3𝑏3, 𝑎4′𝑏4′)} 𝑖𝑓 𝐴�̃� > 0 𝑎𝑛𝑑 𝐵�̃� > 0

{(𝑎1𝑏4, 𝑎2𝑏3, 𝑎3𝑏2, 𝑎4𝑏1); (𝑎1′𝑏4′, 𝑎2𝑏3, 𝑎3𝑏2, 𝑎4′𝑏1′)} 𝑖𝑓 𝐴�̃� < 0 𝑎𝑛𝑑 𝐵�̃� > 0

{(𝑎4𝑏4, 𝑎3𝑏3, 𝑎2𝑏2, 𝑎1𝑏1); (𝑎4′𝑏4′, 𝑎3𝑏3, 𝑎2𝑏2, 𝑎1′𝑏1′)} 𝑖𝑓 𝐴�̃� < 0 𝑎𝑛𝑑 𝐵�̃� < 0

 

𝐴�̃�/𝐵�̃�

= {

{(𝑎1/𝑏4, 𝑎2/𝑏3, 𝑎3/𝑏2, 𝑎4/𝑏1); (𝑎1′/𝑏4′, 𝑎2/𝑏3, 𝑎3/𝑏2, 𝑎4′/𝑏1′)} 𝑖𝑓 𝐴�̃� > 0 𝑎𝑛𝑑 𝐵�̃� > 0

{(𝑎4/𝑏4, 𝑎3/𝑏3, 𝑎2/𝑏2, 𝑎1/𝑏1); (𝑎4′/𝑏4′, 𝑎3/𝑏3, 𝑎2/𝑏2, 𝑎1′/𝑏1′)} 𝑖𝑓 𝐴�̃� < 0 𝑎𝑛𝑑 𝐵�̃� > 0

{(𝑎4/𝑏1, 𝑎3/𝑏2, 𝑎2/𝑏3, 𝑎1/𝑏4); (𝑎4′/𝑏1′, 𝑎3/𝑏2, 𝑎2/𝑏3, 𝑎1′/𝑏4′)} 𝑖𝑓 𝐴�̃� < 0 𝑎𝑛𝑑 𝐵�̃� < 0

 

𝑘𝐴�̃� = {
{(𝑘𝑎1, 𝑘𝑎2, 𝑘𝑎3, 𝑘𝑎4); (𝑘𝑎1′, 𝑘𝑎2, 𝑘𝑎3, 𝑘𝑎4′)} 𝑖𝑓 𝑘 > 0
{(𝑘𝑎4, 𝑘𝑎3, 𝑘𝑎2, 𝑘𝑎1); (𝑘𝑎4′, 𝑘𝑎3, 𝑘𝑎2, 𝑘𝑎1′)} 𝑖𝑓 𝑘 < 0

  

 

2.3 Cut sets of TrIFN 

According to the cut sets of the IFS defined in [19], the cut sets of TrIFN can be 

defined as follows 

 

Definition 4: An (𝛼, 𝛽)-cut set of 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} is a crisp 

subset of ℝ, which is defined as follows 

�̃�𝛽
𝛼 = {𝑥|𝜇�̃�(𝑥) ≥ 𝛼, 𝜗�̃�(𝑥) ≤ 𝛽} 

Where 0 ≤ 𝛼 + 𝛽 ≤ 1 

 

Definition 5: An 𝛼 − 𝑐𝑢𝑡 set of 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} is a crisp 

subset of ℝ, which is defined as follows  

�̃�𝛼 = {𝑥|𝜇�̃�(𝑥) ≥ 𝛼} 

Where 0 ≤ 𝛼 ≤ 1 
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From Definitions 3 and 5, 

�̃�𝛼 = [𝑎1 + 𝛼(𝑎2 − 𝑎1), 𝑎4 − 𝛼(𝑎4 − 𝑎3)] 

 

Definition 6: A 𝛽 − 𝑐𝑢𝑡 set of 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} is a crisp 

subset of ℝ, which is defined as follows 

�̃�𝛽 = {𝑥|𝜗�̃�(𝑥) ≤ 𝛽} 

Where 0 ≤ 𝛽 ≤ 1. 

 

From Definitions 3 and 6, 

�̃�𝛽 = [(1 − 𝛽)𝑎2 + 𝛽𝑎1, (1 − 𝛽)𝑎3 + 𝛽𝑎4] 

Following on the lines of Li [1] we compute the value index and the ambiguity index 

for TrIFNs given in Definition 3. The detailed working of the evolution of the two 

indexes is based on the cut sets and is skipped. The final formulas are given in the 

following two definitions. 

 

Definition 7: Let 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} be a TrIFN. Then the value 

and the ambiguity of 𝐴�̃� are as follows 

(i) The value of the membership function of 𝐴�̃� is  

𝑉𝜇(𝐴
�̃�) =

𝑎1 + 2𝑎2 + 2𝑎3 + 𝑎4
6

 

While the value of the non-membership function is 

𝑉𝜗(𝐴
�̃�) =

𝑎1′+ 2𝑎2 + 2𝑎3 + 𝑎4′
6

 

(ii) The ambiguity of the membership function of 𝐴�̃� is  

𝐴𝜇(𝐴
�̃�) =

−𝑎1 − 2𝑎2 + 2𝑎3 + 𝑎4
6

 

While the ambiguity of the non-membership function is 

𝐴𝜗(𝐴
�̃�) =

−𝑎1′− 2𝑎2 + 2𝑎3 + 𝑎4′
6

 

Since 𝑎1
′ ≤ 𝑎1 ≤ 𝑎2 ≤ 𝑎3 ≤ 𝑎4 ≤ 𝑎4

′ , 𝐴𝜇(𝐴
�̃�) ≤ 𝐴𝜗(𝐴

�̃�). 

 

Definition 8: Let 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} be a TrIFN. Then the value 

and the ambiguity index of 𝐴�̃� are respectively defined as follows 
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𝑉(𝐴�̃� , 𝜆) = 𝑉𝜇(𝐴
�̃�) + 𝜆 (𝑉𝜗(𝐴

�̃�) − 𝑉𝜇(𝐴
�̃�)) 

And  

𝐴(𝐴�̃� , 𝜆) = 𝐴𝜗(𝐴
�̃�) − 𝜆 (𝐴𝜗(𝐴

�̃�) − 𝐴𝜇(𝐴
�̃�)) 

Where 𝜆 ∈ [0,1] is a weight which represents the decision maker’s preference 

information. It helps to incorporate the subjective attitude of the decision maker in the 

model. For a pessimistic decision maker, 𝜆 ∈ [0,1/2) and for an optimistic decision 

maker 𝜆 ∈ (1/2. 1]. 𝜆 = 1/2 refers to an indifferent attitude of the decision maker. 

 

Theorem 1: The value index is a linear transformation. 

Proof: Let 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)}  
       and 𝐵�̃� = {(𝑏1, 𝑏2, 𝑏3, 𝑏4); (𝑏1′, 𝑏2, 𝑏3, 𝑏4′)} be two TrIFNs. For given 𝜆 ∈ [0,1], 

𝑉(𝐴�̃� + 𝐵�̃� , 𝜆) = 𝑉𝜇(𝐴
�̃� + 𝐵�̃�) + 𝜆 (𝑉𝜗(𝐴

�̃� + 𝐵�̃�) − 𝑉𝜇(𝐴
�̃� + 𝐵�̃�)) 

                       =
𝑎1 + 𝑏1 + 2(𝑎2 + 𝑏2) + 2(𝑎3 + 𝑏3) + 𝑎4 + 𝑏4

6

+ 𝜆 (
𝑎1′ + 𝑏1′ + 2(𝑎2 + 𝑏2) + 2(𝑎3 + 𝑏3) + 𝑎4′ + 𝑏4′

6

−
𝑎1 + 𝑏1 + 2(𝑎2 + 𝑏2) + 2(𝑎3 + 𝑏3) + 𝑎4 + 𝑏4

6
) 

                    =
𝑎1 + 2𝑎2 + 2𝑎3 + 𝑎4

6
+
𝑏1 + 2𝑏2 + 2𝑏3 + 𝑏4

6

+ 𝜆 (
𝑎1′ + 2𝑎2 + 2𝑎3 + 𝑎4′

6
+
𝑏1′ + 2𝑏2 + 2𝑏3 + 𝑏4′

6

−
𝑎1 + 2𝑎2 + 2𝑎3 + 𝑎4

6
−
𝑏1 + 2𝑏2 + 2𝑏3 + 𝑏4

6
) 

          = 𝑉𝜇(𝐴
�̃�) + 𝜆 (𝑉𝜗(𝐴

�̃�) − 𝑉𝜇(𝐴
�̃�)) + 𝑉𝜇(𝐵

�̃�) + 𝜆 (𝑉𝜗(𝐵
�̃�) − 𝑉𝜇(𝐵

�̃�)) 

= 𝑉(𝐴�̃� , 𝜆) + 𝑉(𝐵�̃� , 𝜆) 

Let c be any scalar. 

𝑉(𝑐𝐴�̃� , 𝜆) = 𝑉𝜇(𝑐𝐴
�̃�) + 𝜆 (𝑉𝜗(𝑐𝐴

�̃�) − 𝑉𝜇(𝑐𝐴
�̃�)) 

=
𝑐𝑎1 + 2𝑐𝑎2 + 2𝑐𝑎3 + 𝑐𝑎4

6
+ 𝜆 (

𝑐𝑎1
′ + 2𝑐𝑎2 + 2𝑐𝑎3 + 𝑐𝑎4

′

6
−
𝑐𝑎1 + 2𝑐𝑎2 + 2𝑐𝑎3 + 𝑐𝑎4

6
) 

= 𝑐 (
𝑎1 + 2𝑎2 + 2𝑎3 + 𝑎4

6
+ 𝜆 (

𝑎1
′ + 2𝑎2 + 2𝑎3 + 𝑎4

′

6
−
𝑎1 + 2𝑎2 + 2𝑎3 + 𝑎4

6
)) 

= 𝑐 (𝑉𝜇(𝐴
�̃�) + 𝜆 (𝑉𝜗(𝐴

�̃�) − 𝑉𝜇(𝐴
�̃�))) = 𝑐𝑉(𝐴�̃� , 𝜆) 
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Hence, 𝑉(𝐴�̃� , 𝜆) is a linear transformation. 

Theorem 2: The ambiguity index is a linear transformation. 

Proof: Similar to proof of Theorem 1. 

 

3. PROPOSED RANKING FUNCTION 

Based upon the value and ambiguity indices, a new ranking function is employed, 

which is as follows: 

𝐻(𝐴�̃� , 𝜆) = (1 − 𝑘)𝑉(𝐴�̃� , 𝜆) − 𝑘𝐴(𝐴�̃� , 𝜆) 

Where, 𝑘 = 1 − 𝜆 is a parameter that denotes the DM’s subjective attitude. An 

optimistic DM, corresponds to 𝜆 = 1, prefers certainty so 𝐻(𝐴�̃� , 𝜆) =  𝑉(𝐴�̃� , 𝜆) as 

𝑘 = 0. The DM, in this case, does not rely on ambiguity for making decisions. A 

pessimistic DM, corresponds to 𝜆 = 0, prefers uncertainty so 𝐻(𝐴�̃� , 𝜆) =  𝐴(𝐴�̃� , 𝜆) as 

𝑘 = 1. The DM, being pessimistic, makes a decision based upon ambiguity only. For 

an indifferent DM, 𝜆 = 1/2, the above function becomes 𝐻(𝐴�̃� , 𝜆) =
1

2
𝑉(𝐴�̃� , 𝜆) −

1

2
𝐴(𝐴�̃� , 𝜆) as 𝑘 = 1/2 and the DM is neither very certain nor uncertain. 

 

Theorem 3:  The ranking function, 𝐻(𝐴�̃� , 𝜆)  is a linear transformation.  

Proof: Follows from Theorems 1 and 2. 

The ordering relation used to compare two TrIFNs is defined as follows: 

 Let 𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3, 𝑎4); (𝑎1′, 𝑎2, 𝑎3, 𝑎4′)} and 

 𝐵�̃� = {(𝑏1, 𝑏2, 𝑏3, 𝑏4); (𝑏1′, 𝑏2, 𝑏3, 𝑏4′)} be two TrIFNs. For given 𝜆 ∈ [0,1], we 

define a new ordering relation as follows  

 

𝐴�̃� ≼ 𝐵�̃� if and only if 𝐻(𝐴�̃� , 𝜆) ≤ 𝐻(𝐵�̃� , 𝜆)         

 

Larger the value index and lesser the ambiguity, greater is the TrIFN. 

 

Theorem 4: The ordering relation defined above is a partial order relation. 

Proof. Follows from the definition.  
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4. LINEAR PROGRAMMING WITH TRAPEZOIDAL INTUITIONISTIC 

FUZZY NUMBERS. 

The general extended form of linear programming problem with TrIFN coefficients is 

as follows 

(P1): 

max∑𝑐𝑗
�̃�𝑥𝑗

𝑛

𝑗=1

 

Subject to 

∑𝑎𝑖𝑗
�̃� 𝑥𝑗

𝑛

𝑗=1

≼ 𝑏𝑖
�̃� ,               𝑖 = 1,2,… ,𝑚 

𝑥𝑗 ≥ 0,                            𝑗 = 1,2, … , 𝑛 

Using the ordering relation for a predefined 𝜆 ∈ [0,1], problem (P1) is equivalent to 

the following crisp linear programming problem 

 

(P2): 

max 𝑍 =𝐻(𝐴�̃� , 𝜆) 

Subject to               

𝐻(∑ 

𝑛

𝑗=1

𝑎𝑖𝑗
�̃� , 𝜆) ≼ 𝐻 (𝑏𝑖

�̃� , 𝜆) ,               𝑖 = 1,2, … ,𝑚 

𝑥𝑗 ≥ 0,                            𝑗 = 1,2, … , 𝑛 

 

Following theorems establish equivalence of the problems (P1) and (P2). 

 

Theorem 5:  If 𝑥∗ ∈ 𝑆 is an optimal solution of (P2), then  𝑥∗ ∈ 𝑆 is a fuzzy optimal 

solution of (P1). 

Proof. Let 𝑥∗ ∈ 𝑆 be an optimal solution of problem (P2). Then, for given λ 

𝐻 (∑𝑐𝑗
�̃�𝑥𝑗
∗

𝑛

𝑗=1

, 𝜆) ≥ 𝐻 (∑𝑐𝑗
�̃�𝑥𝑗

𝑛

𝑗=1

, 𝜆)                  ∀    𝑥 ∈ 𝑆 
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Let, if possible, 𝑥∗ ∈ 𝑆 is not a fuzzy optimal solution of problem (P1). Then there 

exist an 𝑥 ∈ 𝑆 such that  

∑𝑐𝑗
�̃�𝑥𝑗

𝑛

𝑗=1

≥∑𝑐𝑗
�̃�𝑥𝑗
∗

𝑛

𝑗=1

 

According to the definition of the ordering relation defined above, the above 

inequality implies that  

𝐻 (∑𝑐𝑗
�̃�𝑥𝑗
 

𝑛

𝑗=1

, 𝜆) ≥ 𝐻 (∑𝑐𝑗
�̃�𝑥𝑗

∗

𝑛

𝑗=1

, 𝜆) 

Which contradicts the fact that 𝑥∗ ∈ 𝑆 is an optimal solution of problem (P2). 

Hence, 𝑥∗ ∈ 𝑆 is a fuzzy optimal solution of problem (P1). 

 

Theorem 6: If 𝑥∗ ∈ 𝑆 is a fuzzy optimal solution of (P1), then  𝑥∗ ∈ 𝑆 is an optimal 

solution of (P2). 

Proof. Let 𝑥∗ ∈ 𝑆 be a fuzzy optimal solution of (P1). Then, 

∑𝑐𝑗
�̃�𝑥𝑗
∗

𝑛

𝑗=1

≥∑𝑐𝑗
�̃�𝑥𝑗

𝑛

𝑗=1

       ∀     𝑥 ∈ 𝑆 

Let, if possible, 𝑥∗ ∈ 𝑆 is not an optimal solution of problem (P2). Then there exist an 

𝑥 ∈ 𝑆 such that  

𝐻 (∑𝑐𝑗
�̃�𝑥𝑗
 

𝑛

𝑗=1

, 𝜆) ≥ 𝐻 (∑𝑐𝑗
�̃�𝑥𝑗

∗

𝑛

𝑗=1

, 𝜆) 

According to the definition of the ordering relation, the above inequality implies 

∑𝑐𝑗
�̃�𝑥𝑗

𝑛

𝑗=1

≥∑𝑐𝑗
�̃�𝑥𝑗
∗

𝑛

𝑗=1

 

Which contradicts the fact that 𝑥∗ ∈ 𝑆 is a fuzzy optimal solution of problem (P1). 

Hence, 𝑥∗ ∈ 𝑆 is an optimal solution of problem (P2). 

 

Problem (P2) is a crisp linear programming problem, which can be solved by Simplex 

method or some mathematical software.  
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Proposition 1: According to the fact that each triangular intuitionistic fuzzy number 

𝐴�̃� = {(𝑎1, 𝑎2, 𝑎3); (𝑎1′, 𝑎2, 𝑎3′)} can be equivalently written as TrIFN 𝐴�̃� =
{(𝑎1, 𝑎2, 𝑎2, 𝑎3); (𝑎1′, 𝑎2, 𝑎2, 𝑎3′)}, so it can be said that linear programming problem 

with coefficients as TIFNs is a special case of linear programming problem with 

coefficients as TrIFNs. 

 

5. NUMERICAL ILLUSTRATION 

Consider the following problem, 

max 5�̃�𝑥1 + 3
�̃�𝑥2 

Subject to 

4�̃�𝑥1 + 3
�̃�𝑥2 ≤ 12

�̃� 

1�̃�𝑥1 + 3
�̃�𝑥2 ≤ 6�̃� 

𝑥1, 𝑥2 ≥ 0 

Where 

𝑐1
�̃� = 5�̃� = {(4,5,5.5,6); (4,5,5.5,6.1)}; 𝑐2

�̃� = 3�̃� = {(2.5,3,3.1,3.2); (2,3,3.1,3.5)};  

𝑎11
�̃� = 4�̃� = {(3.5,3.8,4,4.1); (3,3.8,4,5)}; 𝑎12

�̃� = 3�̃� = {(2.5,3,3.1,3.5); (2.4,3,3.1,3.6)}; 

𝑎21
�̃� = 1�̃� = {(0.8,1,1.2,2); (0.5,1,1.2,2.1)}; 𝑎22

�̃� = 3�̃� = {(2.8,2.9,3,3.2); (2.5,2.9,3,3.2)}  

𝑏1
�̃� = 12�̃� = {(11,11.8,12.2,13); (11,11.8,12.2,14)}; 𝑏2

�̃� = 6�̃� = {(5.5,6,6.2,7.5); (5,6,6.2,8.1)} 

 

For λ=1/2, problem (P2) becomes  

max𝑍 =2.0792𝑥1 + 1.2667𝑥2 

Subject to the constraints  

1.6667𝑥1 + 1.2999𝑥2 ≤ 5.4917 

0.2917𝑥1 + 1.3458𝑥2 ≤ 2.6292 

𝑥1, 𝑥2 ≥ 0 

The solution to the above problem is 𝑥1
∗ = 3.2950, 𝑥2

∗ = 0 and 𝑍∗ = 6.8509. 

The corresponding fuzzy optimal value is 

𝑍∗̃ = {(13.036,16.475,18.1225,19.77); (13.036,16.475,18.1225,20.0995)} 

 

The solution depends upon the attitude of the DM. An optimistic DM will yield a 

better solution than a pessimistic DM. 
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6. CONCLUSION 

This paper extended the concept of value and ambiguity indices for triangular 

intuitionistic fuzzy number (TIFN) defined in [1] to trapezoidal intuitionistic fuzzy 

number (TrIFN), which is used to develop a new ranking function to compare TrIFNs. 

The proposed ranking function is then used to solve fuzzy linear programming 

problem with data as TrIFNs.  It is observed that the solution depends upon the 

attitude of the decision maker. An optimistic DM will yield a better solution than a 

pessimistic DM. 
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