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Abstract:  This work aims to understand and observe all the existing accuracy functions that help in finding the ranking order of 

the interval-valued Pythagorean fuzzy numbers (IVPFNs) which leads to the best selection among all the available alternatives. 

The deep study of all these existing accuracy functions cleared that the existing methods have some shortcomings and are failing 

to compare IVPFNs which affects the correct selection process in all decision-making problems. These observations about the 

accuracy functions of the IVPFNs have been illustrated with the help of a well-defined example and hence conclude that all these 

existing accuracy functions are not able to rank the alternatives appropriately. Therefore, to propose a valid accuracy function for 

comparing IVPFNs for selecting a better alternative among all the other alternatives in multi-criteria decision-making (MCDM) 

problems is still an open challenging research problem. 

 

Index Terms - Accuracy function, intuitionistic fuzzy set, IVPFNs, MCDM, Pythagorean fuzzy set, score function. 

I. INTRODUCTION  

It has been observed that some limitations are occurring in the existing methods [3, 4, 8, 13] for comparing IVPFNs [7, 8] which 

is an extension of intuitionistic fuzzy set [1], Pythagorean fuzzy sets [10-12] and interval-valued intuitionistic fuzzy sets [2]. 

Some well-defined counter-examples where the uncertainty in the data is expressed in the terms of IVPFNs are chosen to show 

that the existing score function and the accuracy function defined to rank the IVPFNs fail to rank correctly. The aim of this note is 

to aware the researchers that the limitations, pointed out by Garg [3] and Singh and Singh [9] is also occurring in the improved 

accuracy function proposed by Garg [4]. Hence, to propose a valid accuracy function for ranking IVPFNs is still an open research 

problem. 

II. EXISTING ACCURACY FUNCTIONS  

A. PENG  AND YANG’S ACCURACY FUNCTION 

 

Garg [3] chosen some counter examples to show that the Peng and Yang’s [8] existing score function and the accuracy function 

defined to rank the IVPFNs (which is a generalization of Zhang’s [13] existing score function and the accuracy function defined 

to rank the Pythagorean fuzzy numbers), fails to rank IVPFNs correctly. 

Garg [3] pointed out that if α1 = 〈[a1, b1], [c1, d1]〉 and α2 = 〈[a2, b2], [c2, d2]〉 are any two IVPFNs where 0 ≼ a1 ≼ b1 ≤ 1,  

0 ≼ c1 ≼ d1 ≼ 1, 0 ≼ a2 ≼ b2 ≼ 1, 0 ≼ c2 ≼ d2 ≼ 1, b1
2 + d1

2 ≼ 1 and b2
2 + d2

2 ≼ 1, then using the Peng and Yang’s [8] existing 

score functions S(α1) and S(α2) as well as accuracy function H(α1) and H(α2) the IVPFNs α1 and α2 can be compared as 

follows: 

Find S(α1) =
a1

2+b1
2−c1

2−d1
2

2
, S(α2) =

a2
2+b2

2−c2
2−d2

2

2
 and check that S(α1) ≺  S(α2) or S(α1) ≻  S(α2)  or S(α1) =  S(α2). 

Case (i) If S(α1) ≺  S(α2) then α1 ≺ α2. 

Case (ii) If S(α1) ≻  S(α2) then α1 ≻ α2. 

Case (iii) If S(α1) =  S(α2), then evaluate, H(α1) =
a1

2+b1
2+c1

2+d1
2

2
, H(α2) =

a2
2+b2

2+c2
2+d2

2

2
 and check that H(α1) ≺  H(α2)  or 

H(α1) ≻  H(α2)  or H(α1) =  H(α2). 
Case (i) If H(α1) ≺  H(α2) then α1 ≺ α2. 

Case (ii) If H(α1) ≻  H(α2) then α1 ≻ α2. 

Case (iii) If H(α1) =  H(α2) then α1 ∼ α2.  

To point out the limitations in this existing ranking method, Garg [3] shown that, if α1 = 〈[0,0.5], [0.1,0.7]〉 and α2 =
〈[0.3,0.4], [0.5,0.5]〉 are two IVPFNs then on applying this ranking method it is observed that α1~α2. But it is quite obvious that 

α1 ≠ α2. Similarly, in another example Garg [3] shown that if  α1 = 〈[0.1,0.2], [0.4,0.5]〉 and α2 = 〈[0.1,0.2], [
1

√20
, 0.6]〉 are two 

IVPFNs then on applying the existing ranking method again the obtained result is α1~α2, while α1 and α2 are undoubtedly not 

equal i.e., α1 ≠ α2.  

Therefore, it is inappropriate to use Peng and Yang’s [8] method for comparing IVPFNs. Also, to resolve this limitation, Garg 

[3] proposed a novel accuracy function for ranking IVPFNs. 

 

B. GARG’S NOVEL ACCURACY FUNCTION  

 

Garg [3] pointed out that if α1 = 〈[a1, b1], [c1, d1]〉 and α2 = 〈[a2, b2], [c2, d2]〉 are IVPFNs, then find M(α1) =

a1
2−√1−a1

2−c1
2+b1

2−√1−b1
2−d1

2

2
, and M(α2) =

a2
2−√1−a2

2−c2
2+b2

2−√1−b2
2−d2

2

2
 and check that M(α1) ≻ M(α2) or M(α1) ≺ M(α2) or 

M(α1) = M(α2).  
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Case (i) If M(α1) ≻ M(α2) then α1 ≻ α2. 

Case (ii) If M(α1) ≺ M(α2) then α1 ≺ α2. 

Case (iii) If M(α1) = M(α2) then  α1 = α2. 

Therefore, Garg [3] claims that the accuracy function proposed for ranking the IVPFNs is flawless and is able to rank all the 

alternatives correctly which are expressed in terms of IVPFNs in MCDM problems and helps in making a correct selection among 

all the available alternatives in decision-making problems. 

To point out the limitation in Garg’s [3] ranking method, Singh and Singh [9] expressed that, if α1 =

〈[√0.02, √0.07], [0.2, √0.05]〉 and α2 = 〈[0.2, √0.05], [√0.02, √0.07]〉 are two IVPFNs then on applying Garg’s [3] ranking 

method it is observed that α1~α2. But it is obvious that α1 ≠ α2. Similarly, in another example Singh and Singh [9] shown that, if 

α1 = 〈[0.1,  0.2], [0.3,0.4]〉 and α2 = 〈[0,  √0.05], [√0.1, √0.15]〉 are two IVPFNs then on applying the Garg’s [3] ranking 

method again the obtained result is α1~α2, while it is obvious that α1 ≠ α2.  

Therefore, it is inappropriate to use Garg’s [3] method for comparing IVPFNs. Also, to overcome this shortcoming, Garg [4] 

proposed a novel improved accuracy function for ranking IVPFNs. 

 

C. GARG’S NOVEL IMPROVED ACCURACY FUNCTION 

 

To resolve the shortcoming of the existing methods [3, 8, 13], Garg [4] proposed a novel improved accuracy function K(α) =
a2+b2√1−a2−c2+b2+a2√1−b2−d2

2
 for the IVPFNs where α = 〈[a, b], [c, d]〉. Furthermore, using this improved ranking function, Garg 

[4] proposed the following method for ranking two IVPFNs, α1 = 〈[a1, b1], [c1, d1]〉 and α2 = 〈[a2, b2], [c2, d2]〉. Find,   K(α1) =

a1
2+b1

2√1−a1
2−c1

2+b1
2+a1

2√1−b1
2−d1

2

2
 as well as K(α2) =

a2
2+b2

2√1−a2
2−c2

2+b2
2+a2

2√1−b2
2−d2

2

2
 and check that K(α1) ≺  K(α2) or K(α1) ≻

 K(α2)  or K(α1) =  K(α2).                  

Case (i) If  𝐾(𝛼1) ≺  𝐾(𝛼2)  then 𝛼1 ≺ 𝛼2. 

Case (ii) If  𝐾(𝛼1) ≻  𝐾(𝛼2)  then 𝛼1 ≻ 𝛼2. 

Case (iii) If  𝐾(𝛼1) =  𝐾(𝛼2)  then 𝛼1 ∼ 𝛼2.                                                              

In this note, it is shown that there exist distinct infinite numbers of IVPFNs for which the novel improved accuracy function, 

proposed by Garg [4], are equal i.e., the shortcoming pointed out by Garg [4], in the existing score and accuracy function [3, 8, 

13], is also occurring in the novel improved accuracy function proposed by Garg [4]. Therefore, to propose a valid accuracy 

function for ranking IVPFNs is still an open research problem. 

III. THE INVALIDITY OF GARG’S NOVEL IMPROVED ACCURACY FUNCTION 

It is obvious that infinite number of IVPFNs can be obtained by changing the values of 𝑐 and 𝑑 in 𝛼 = 〈[0,0], [𝑐, 𝑑]〉  where 

0 ≼ 𝑐 ≼ 1 and 0 ≼ 𝑑 ≼ 1 and for all these infinite numbers of IVPFNs, the value of novel improved accuracy function 𝐾(𝛼) =
𝑎2+𝑏2√1−𝑎2−𝑐2+𝑏2+𝑎2√1−𝑏2−𝑑2

2
 will be zero. This indicates according to the ranking method, proposed by Garg [4], all these 

infinite numbers of IVPFNs are equal while, it is obvious that say these infinite numbers of IVPFNs are not equal. For example, 

choosing 𝑐 = 0.4, 𝑑 = 0.6 and 𝑐 = 0.6, 𝑑 = 0.8, two IVPFNs 𝛼1 = 〈[0,0], [0.4,0.6]〉 and 𝛼2 = 〈[0,0], [0.6,0.8]〉 are obtained, it 

is obvious that 𝛼1 ≠ 𝛼2 while, S(α1) = S(α2) = −0.26, H(α1) = H(α2) = 0.26, and  K(𝛼1) =  𝐾(𝛼2) = 0. Hence, the novel 

improved accuracy function proposed by Garg [4], is also not valid like the other existing methods [3, 8, 13]. 

IV. CONCLUSION 

It is clearly observed that the Garg’s [4] proposed improved novel accuracy function for IVPFNs fails to find the correct 

ranking order between any two IVPFNs and hence is not giving any satisfactory result. It is duty bound to mention that several 

ranking formulae for comparing IVPFNs have been proposed in the literature [3-8, 13, 14]. However, none of the accuracy 

function is conclusive until now. Furthermore, to propose a valid accuracy function may be considered as an open challenging 

research problem. 
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