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Abstract 

This article presents four standard distances for Circular Pythagorean Fuzzy Sets (C-PFSs). These 

sets are extensions of the standard PFS that are i n t u r n  extensions of Zadeh’s fuzzy sets. It 

is obivious that the distance measures in C-PFS environment are different than those for the 

standard PFSs. Suitable Illustrations for the  proposed distances and their comparison with 

distance measures of PFSs are provided. 
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1.   1. Introduction: 

The Intuitionistic Fuzzy Set (IFS) concept introduced in 1983 by Krassimir Atanassov was the 

extension of Zadeh’s fuzzy set [17].  On the other hand, the Pythagorean Fuzzy Sets (PFS) is also 

an object of different extension of fuzzy set theory. PFS is a new tool developed to deal problems 

with vagueness by considering the sum of the membership grade, µ and non-membership grade, ν 

with  µ+ν ≥ 1 and sum of their squares not exceeding one. One such extension paves way for 

Circular PFS (C-PFS, see [4]). Here, we extended the region of the radius r values of the 

objects of PFS to be [0,√2] because we would like the points in the center 〈0,1〉 and 〈1,0〉 to be 

able to cover the whole PFS triangle, which can be valid for if r ≥ 2. When r = 0, the C-PFS 

represents the standard PFS. Also, when r > 0, the C-PFS is an object different from the 

ordinary PFS. In reality, in ordinary PFS theory, this is a way to represent the existence of circles 

around each elements of universe E (Figures 2). The concept of C-PFS and their distances provides 

a kind of visualization that can model areal life problem with better clarity and also provides a best 

solution for certain problems in nature. 

The rest of the manuscript is structured as follows. Fundamentals related to C-PFSs are covered in 

“Preliminaries”. Four standard distances between Circular Pythagorean Fuzzy sets are defined in 

section 2. Section 3 describes the illustrations for the defined distances and a Comparative analysis 

is put forward to examine the importance of the newly defined distances. Finally, the concluding 

notes of the article are presented in section 4. 

 
Figure 1. Geometrical interpretation of an element of an IFS and PFS. 
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              Figure 2. Geometric representation of the elements of a C- PFS 

 

2. 2. Preliminaries: 

3.  This section recalls about some basic concepts and definitions related to Circular Pythagorean     

4.  Fuzzy Sets that are required for the study of this paper. 

5. Definition 1[1]: A Fuzzy set A  in X (Set of real numbers) is a set of ordered pairs 

A = {⟨x, µA(x)/x ∈ X⟩} 

is called membership function of x in A  which maps X to [0,1]. 

Definition 2[1]: Let X be a non-empty set. An intuitionistic fuzzy set (IFS) A in X is an object of 

the form  

A = {⟨x, µA(x), 𝜈𝐴 (x)⟩/x ∈ X} 

Here,  µA : X → [0, 1] and 𝜈𝐴 : X → [0, 1] with 0 ≤ µA(x)+ 𝜈𝐴 (x) ≤ 1 for all x ∈ X are defined as the 

degrees of membership and non-membership of the element x to the IFS A. For each IFS, the 

intuitionistic index or hesitancy degree of x in X to the IFS A is defined as 

 πA(x) = 1 − µA(x) − 𝜈𝐴 (x).  

Definition 3[8]: Let M be a fixed set. Then, a Pythagorean fuzzy set (PFS) in M is defined as given 

below:  

                                        P = {(m, µP (m), νP (m))|m ∈ M}, 

where µP (m) and νP (m) are mappings from M to [0, 1], with conditions 0 ≤ µP (m) ≤ 1, and 0 ≤ νP (m) 

≤ 1 and also 0 ≤ µ2
P(m) + ν2

P(m) ≤ 1, for all m ∈ M, and they denote the degree of membership and 

non-membership of element m ∈ M to set P, respectively. Here, µP + νP ≤ 1 or ≥ 1 , πP (m) = 1 − 

µ2
P(m) − ν2

P(m), which is called the Pythagorean fuzzy index of element m ∈ M to set P, representing 

the degrees of indeterminacy of M to P. Also, 0 ≤ πP (m) ≤ 1, and π2
P(m) + µ2

P(m) + ν2
P(m) = 1, for 

every m ∈ M.  

Definition 4: A metric defined on a set X is a function d : X × X → R with the following    three 

properties: 

1.      d(x, y) ≥ 0 for all x, y ∈ X, and equality holds iff  x = y (positivity). 

2.      d(x, y) = d(y, x) for all x, y ∈ X (symmetry). 

3.     d(x, z) ≤ d(x, y) + d(y, z) for all x, y, z ∈ X (the triangle inequality). 

     Here,  d(x, y) represents the distance between x and y for the   metric space (X, d). It is evident 

that d  must satisfy  the  properties.  

Definition 5: Let  x = (x1, . . . , xn), y = (y1, . . . , yn) ∈ Rn. Then,  some standard distances over 

sets are as defined follows: 

1. Euclidean distance:  𝒅𝟐(𝒙, 𝒚) =  √∑ (𝒙𝒊 − 𝒚𝒊)𝟐𝒏
𝒊=𝟏  

2. Manhattan (Hamming) distance: 

𝑑1(𝑥, 𝑦) = ∑| 𝑥𝑖 − 𝑦𝑖  |

𝑛

𝑖=1

 

 Definition 6: The four distances over PFSs are defined as follows: 

 Let any two Pythagorean Fuzzy Sets A and B are defined as follows: 

A = {⟨x, µA(x), νA(x)⟩|x ∈ E}, 

B = {⟨x, µB(x), νB(x)⟩|x ∈ E}, 
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     where µA, νA, µB, νB : 𝐸 → [0,1]  and 𝜇𝐴
2(𝑥) + 𝜈𝐴

2(𝑥)  ≤ 1, 𝜇𝐵
2(𝑥) +  𝜈𝐵

2(𝑥)  ≤ 1 for 

each 𝑥 ∈ 𝐸. Let 𝒞𝐸 be the cardinality of universe E throughout this paper. 

The following distances are described: 

𝐻2(𝐴, 𝐵) =  
1

2𝒞𝐸
 .  ∑ (|𝜇𝐴 − 𝜇𝐵| + |𝜈𝐴 − 𝜈𝐵|),𝑥𝜖𝐸                                                            (1) 

(Pythagorean fuzzy Hamming distance) 

𝐸2(𝐴, 𝐵) =  √
1

2𝒞𝐸
 .  ∑ ((𝜇𝐴(𝑥) − 𝜇𝐵(𝑥))2 + (𝜈𝐴(𝑥) − 𝜈𝐵(𝑥))2),𝑥𝜖𝐸                           (2)                               

(Pythagorean fuzzy Euclidean distance) 

𝐻3(𝐴, 𝐵) =  
1

2𝒞𝐸
 .  ∑ (|𝜇𝐴 − 𝜇𝐵| + |𝜈𝐴 − 𝜈𝐵| + |𝜋𝐴 − 𝜋𝐵|),𝑥𝜖𝐸                            (3)  

(Szmidt and Kacprzyk’s form of  Pythagorean fuzzy Hamming distance) 

𝐸3(𝐴, 𝐵) =  √
1

2𝒞𝐸
 .  ∑ ((𝜇𝐴(𝑥) − 𝜇𝐵(𝑥))2 + (𝜈𝐴(𝑥) − 𝜈𝐵(𝑥))2 + (𝜋𝐴(𝑥) − 𝜋𝐵(𝑥))2),𝑥𝜖𝐸                

(4) 

(Szmidt and Kacprzyk’s form of Pythagorean fuzzy Euclidean distance). 

Definition 7[6]: Circular PFS is defined as follows: 

Let E be a fixed universe and A be its subset. The set Ar
∗ = {〈𝑥, 𝜇𝐴(𝑥), 𝜈𝐴(𝑥); 𝑟〉| 𝑥 ∈ 𝐸}, where 

0 ≤ 𝜇𝐴
2(𝑥) + 𝜈𝐴

2(𝑥)  ≤ 1 of the circle around each element 𝑥 ∈ 𝐸, is called a C-PFS and 

functions 𝜇𝐴(𝑥): 𝐸 → [0,1] and 𝜈𝐴(𝑥): 𝐸 → [0,1] represent the degree of membership (validity, 

etc.) and non-membership (non-validity, etc.) of element x ∈ E to a fixed set A ⊆ E. Now,we can 

define also function πA : E → [0, 1] by means of 𝜋𝐴(𝑥)  =  √1 − µ𝐴
2(𝑥)  − 𝜈𝐴

2(𝑥) and it 

corresponds to degree of indeterminacy (uncertainty, etc.). Let us remark that in [4], the radius 

r was defined to take values from the interval [0,1].   

  

6.  3. Distances over Circular Pythagorean Fuzzy Sets: 

This section, introduces distances over any two C-PFSs. Basic ideas of norms, metrics and 

distances over PFSs were proposed in [8] and [9], where the first two distances were considered. 

The extensions of the first two distances were given as next two distances in [10] by E. Szmidt 

and J. Kacprzyk. Many other distances were introduced over PFSs in the later years. 

Definitions of the First Four Distances over C-PFSs 

Here, we introduce the following four distances for C-PFS that are modifications of distances 

(1)–(4) as follows: 

Circular Pythagorean Fuzzy Hamming distance: 

𝐻2(𝐴, 𝐵) =  
1

2
(

|𝑟𝐴−𝑟𝐵|

√2
+

1

2𝒞𝐸
 .  ∑ (|𝜇𝐴 − 𝜇𝐵| + |𝜈𝐴 − 𝜈𝐵|)𝑥𝜖𝐸 )                                              (5) 

Circular Pythagorean Fuzzy Euclidean distance: 

𝐸2(𝐴, 𝐵) =  
1

2
(

|𝑟𝐴−𝑟𝐵|

√2
+ √

1

2𝒞𝐸
 .  ∑ ((𝜇𝐴(𝑥) − 𝜇𝐵(𝑥))2 + (𝜈𝐴(𝑥) − 𝜈𝐵(𝑥))2)𝑥𝜖𝐸 )                (6) 

Szmidt and Kacprzyk’s form of Circular Pythagorean Fuzzy Hamming distance: 

𝐻3(𝐴, 𝐵) =  
1

2
 (

|𝑟𝐴−𝑟𝐵|

√2
+

1

2𝒞𝐸
 .  ∑ (|𝜇𝐴 − 𝜇𝐵| + |𝜈𝐴 − 𝜈𝐵| + |𝜋𝐴 − 𝜋𝐵|)𝑥𝜖𝐸 )                         (7) 

Szmidt and Kacprzyk’s form of Circular Pythagorean Fuzzy Euclidean distance: 

𝐸3(𝐴, 𝐵) =
1

2
 (

|𝑟𝐴−𝑟𝐵|

√2
+

√
1

2𝒞𝐸
 .  ∑ ((𝜇𝐴(𝑥) − 𝜇𝐵(𝑥))2 + (𝜈𝐴(𝑥) − 𝜈𝐵(𝑥))2 + (𝜋𝐴(𝑥) − 𝜋𝐵(𝑥))2)𝑥𝜖𝐸 )     (8) 

Obviously, when rA = rB = 0  i.e., A and B are standard PFS, then the proposed distances 

coincide with Pythagorean fuzzy distances (1)–(4). 

Notation: Let CPFS(X) and PFS(X) be the sets of all C-PFSs and set of all PFSs over the 

universe X, respectively. As mentioned above, A ∈ PFS(X) iff A ∈ C-PFS(X) and ra = 0. 

Theorem 1. For any  ArA
, BrB

 ∈ C − PFS(X), that is A, B ∈ PFS(X) where rA, rB ∈ [0,√2], the 

expressions (5)–(8) are well-defined metrics (distances). 
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Proof:  

We need to show that the formulas 

              𝐻2(𝐴𝑟𝐴
, 𝐵𝑟𝐵

),  𝐻3(𝐴𝑟𝐴
, 𝐵𝑟𝐵

),𝐸2(𝐴𝑟𝐴
, 𝐵𝑟𝐵

),  𝐸3(𝐴𝑟𝐴
, 𝐵𝑟𝐵

), 

 stated in expressions (5)–(8) obey the three axioms for a metric from Definition1. 

It is obvious that the expressions in (1)–(4) are well-defined distances over PFS(X). Let D 

be any one of the  distance  measures H2, H3, E2 or E3. Hence, D is a metric in PFS(X). 

  Since it is clear from the definition of C-PFSs, ArA = BrB in C-PFS(X) iff A = B in PFS(X) 

and rA = rB. But A = B in PFS(X)  iff  D(A, B) = 0 and the sum of two nonnegative numbers is 

zero iff both numbers are equal to zero, therefore the validity of the first axiom for a  metric is 

verified. The second axiom is obviously true since D is symmetric. 

To prove the third property, consider a third C-PFS CrC and verify  

𝐷(𝐴𝑟𝐴
, 𝐶𝑐) ≤  𝐷(𝐴𝑟𝐴

, 𝐵𝑟𝐵
)  + 𝐷(𝐵𝑟𝐵

, 𝐶𝑟𝐶
) (9) 

holds. We know that the triangle property for the PFSs A, B and C 

                                      D(A, C) ≤ D(A, B) + D(B, C) (10) 

holds. Also, the inequality |𝑥| + |𝑦| ≥ |𝑥 + 𝑦| for any three real numbers leads to 

                                            |𝑟𝐶 − 𝑟𝐴| ≤  |𝑟𝐵 − 𝑟𝐴| + |𝑟𝐶 − 𝑟𝐵|                                               (11) 

for any values of rA, rB, rC in  [0,√2]. That is, the third axiom for distance is verified by 

summing up both sides of the last two inequalities (10) and (11). 

𝑹𝒆𝒎𝒂𝒓𝒌: 𝐹𝑟𝑜𝑚 𝑡ℎ𝑒 𝑑𝑒𝑓𝑖𝑛𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑒𝑡𝑟𝑖𝑐𝑠 𝐻2, 𝐻3𝑎𝑛𝑑 𝐸2, 𝐸3 𝑎𝑛𝑑 𝑠𝑖𝑛𝑐𝑒 𝑓𝑜𝑟 𝑎𝑛𝑦 𝑡𝑤𝑜  
𝑃𝐹𝑆, 𝐴, 𝐵 𝑎𝑛𝑑 𝑥 ∈  𝑋 ∶  |𝜋𝐵(𝑥) −  𝜋𝐴(𝑥)| ≥ 0,     the following two    inequalities are 

true.      
• 𝐻2(𝐴, 𝐵)  ≤  𝐻3(𝐴, 𝐵) 
• 𝐸2(𝐴, 𝐵)  ≤ 𝐸3𝐴, 𝐵 

 
4.Numerical  Illustrations 

This section covers an Illustrative example to understand the concepts of the distances defined in 

this article for C-PFSs. A numerical example of a C-PFS with X ={𝑥1, 𝑥2, 𝑥3}, 𝒞𝐸 = 3 and 

𝐴𝑟𝐴
, 𝐵𝑟𝐵

∈ C- PFS(X) is pictured on Figure 3. For these C-PFSs A and B, rA = 0.2 and rB = 0.5 

and the degrees of the corresponding elements x from the universe E are given in Table 1. 

Table 1. Degrees of the element x C-PFSs A & B 

 

x ∈ E µA(x) µB(x) νA(x) νB(x) πA(x) πB(x) 

𝑥1 0.5 0.6 0.6245 0.8 0.3 0.5196 

𝑥2 0.7 0.4 0.5916 0.6 0.8 0 

𝑥3 0.9 0.2 0.3873 0.4 0.6 0.6928 

       

      

 
Figure 3. Pictorial representation of  ArA , BrB ∈ C-PFS(X) with E = {0, 1, 2}, CE = 3 and rA = 

0.2, rB = 0.5. 
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∈ 

Let us consider the two PFS, ArA and BrB from the previous example. Applying the 

corresponding formulas and the arbitrary specific values for  ArA , BrB shows that 

|𝑟𝐴 − 𝑟𝐵|

√2
 =     

|0.2 − 0.5|

√2
     =     0.2121 

H2(A, B) = 0.3333 and E2(A, B) = 0.1453, 

H3(A, B) = 0.4996 and E3(A, B) = 0.2024. 

We calculate the values of the proposed metric formulae and find that, 

 𝐻2(𝐴𝑟𝐴
, 𝐵𝑟𝐵

) =  
1

2
 (

|𝑟𝐴−𝑟𝐵|

√2
+  𝐻2(𝐴, 𝐵)) = 0.2627,  

𝐸2(𝐴𝑟𝐴
, 𝐵𝑟𝐵

) =  
1

2
 (

|𝑟𝐴−𝑟𝐵|

√2
+  𝐸2(𝐴, 𝐵)) = 0.1787,  

𝐻3(𝐴𝑟𝐴
, 𝐵𝑟𝐵

)
1

2
 (

|𝑟𝐴 − 𝑟𝐵|

√2
+  𝐻3(𝐴, 𝐵)) = 0.3559, 

𝐸3(𝐴𝑟𝐴
, 𝐵𝑟𝐵

) =  
1

2
 (

|𝑟𝐴−𝑟𝐵|

√2
+  𝐸3(𝐴, 𝐵)) = 0.2073, 

The comparison of results for  the four different distances are shown in Table 2.  

Table 2. Comparison of the distances for C-PFS. 

D H2(ArA , BrB ) E2(ArA , BrB ) H3(ArA , BrB ) E3(ArA , BrB ) 

D(ArA , BrB ) 0.2627 0.1787 0.3559 0.2073 

 

The values of the different distances over  A and B are compared. These values are plotted in 

Figure 3 that provides a visualization of C-PFS. In future, the authors are interested to introduce 

new distances for C-PFS. The distances over  PFSs can be defined for C-PFSs as in Section 2. 

 

5.  Result and Discussion 

Each one of the proposed distances satisfies the triangular inequality for any three arbitrary 

C-PFSs are shown below. Consider ArA , BrB ∈ C-PFS(X) as defined above and take another C -

P F S  CrC ∈ C-PFS(X) with degrees of the element x from the universe X as given in Table 3. 

Table 3. Degrees of the element x in CrC . 

x ∈ E µC(x) νC(x) πC(x) 

𝑥1 0.5 0.7 0.5099 

𝑥2 0.7 0.6 0.3873 

𝑥3 0.8 0.5 0.3317 

Applying the formulae from the previous section, the obtained values for the different 

distances between all combinations of pairs from {ArA , BrB , CrC }∈ C-PFS(X) given in 

Table 4. 

Table 4. Values of the distances H2, E2, H3, E3. 

D H2 E2 H3 E3 

D(ArA , CrC ) 0.1644 0.1384 0.1896 0.1418 

D(ArA , BrB ) 0.2727 0.1787 0.3559  0.2073 

D(BrB , CrC ) 0.2311 0.1632 0.2943 0.1783 

In the above table, if for any of the columns, if an arbitrary permutation of the row indices are 

considered. Let the corresponding values be denoted as a, b, c. Then, it can be easily checked 

that a ≤ b + c, the triangular inequality of any of the proposed distances for the  

C-PFSs ArA , BrB , CrC is validated. We can see that, considering column H3 and the 

permutation of the row indices 3, 1, 2, then a = 0.2943, b = 0.3559, c = 0.1896 and 0.2943 < 

0.3359 + 0.1896 = 0.5544 is validated. 
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6. Conclusion 

The present paper discusses about the distance concepts in  C-PFS. Here, some standard distance 

formulae for C-PFS were introduced. The distances that are formulated could be applied in more 

specific areas where the real time objects  can be evaluated intensively when compared to an 

ordinary PFS. Also, the proposed distances are illustrated by means of suitable real time problems. 

 

References 

1.  Atanassov, K.(1983). Pythagorean fuzzy sets. In VII ITKR’s Session; Deposed in 

Central Sci.—Techn. Library of Bulg. Acad. of Sci., 1697/84; Sofia, Bulgaria. 

https://ifigenia.org/wiki/Issue:Intuitionistic_fuzzy_sets  

2. Atanassov, K.(1993).Norms and metrics over Pythagorean fuzzy sets, BUSEFAL, 55, 11–20. 

https://www.researchgate.net/publication/373763310_An_Introduction_to_Bipolar_Pythagorean_Refin

ed_Sets  

3. Atanassov, K. (1999). Intuitionistic fuzzy sets: theory and applications, Physica-Verlag HD, 1-

137. https://link.springer.com/book/10.1007/978-3-7908-1870-3  

4. Atanassov, K.(2012). On Pythagorean Fuzzy Sets Theory; Springer: Berlin, Germany. 

https://www.americaspg.com/article/pdf/996  

5. Atanassov, K.; Vassilev, P.; Tsvetkov, R.(2013). Pythagorean Fuzzy Sets, Measures and 

Integrals; Academic Publishing House “Prof. M. Drinov”: Sofia, Bulgaria. 

https://gredos.usal.es/bitstream/handle/10366/153902/FINAL%20VERSION.pdf?sequence=1

&isAllowed=y  

6. Atanassov, K. (2020). Circular Pythagorean fuzzy sets. J. Intell. Fuzzy Syst., 39, 5981–5986. 

[CrossRef] 

https://www.researchgate.net/publication/364813880_Circular_Pythagorean_fuzzy_sets_and_applicati

ons_to_multi-criteria_decision_making                                                                                            

7. Atanassov, K.; Evgeniy Marinov.(2021). Four Distances for Circular Intuitionistic Fuzzy 

Sets; MDPI stays neutral with regard to jurisdictional claims in published maps and 

institutional affiliations. https://www.mdpi.com/2227-7390/9/10/1121  

8. Khaista Rahman, Saleem Abdullah, Muhammad Sajjad Ali Khan, Muhammad Ibrar, 

Fawad Husaian.(2017). Some Basic Operations on Pythagorean Fuzzy sets, J. Appl. Environ. 

Biol. Sci., 7(1)111-119. https://www.semanticscholar.org/paper/Some-Basic-Operations-on-

Pythagorean-Fuzzy-Sets-Rahman-Abdullah/519647e66b9e23c084dd3a28ed2010c98ef35b0b  

9. Luo, X.; Li, W. (2017). Novel Distance Measure Between Pythagorean Fuzzy Sets. Xitong 

Fangzhen Xuebao/J. Syst. Simul., 29, 2360–2372. 

https://www.researchgate.net/publication/336026793_A_Novel_Distance_Measure_for_Pythago

rean_Fuzzy_Sets_and_its_Applications_to_the_Technique_for_Order_Preference_by_Similarity

_to_Ideal_Solutions  

10. Luo, D.; Xiao, J. (2018).Distance and Similarity between Pythagorean Fuzzy Sets. In 

Proceedings of the 2013 IEEE International Conference on Mechanical and Automation 

Engineering (MAEE), Jiujang, China, 89, 34–39. [CrossRef] 

https://www.researchgate.net/profile/Paul-

Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/link

s/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf  

11. Papakostas, G.A.; Hatzimichailidis, A.G.; Kaburlasos, V.G.(2013). Distance and similarity 

measures between Pythagorean fuzzy sets: A comparative analysis from a pattern recognition 

point of view. Pattern Recognit. Lett. 34, 609–1622. [CrossRef] 

https://www.researchgate.net/profile/Paul-

Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_s

ets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-

fuzzy-sets.pdf  

12. Szmidt, E.; Kacprzyk, J. (2000).Distances between Pythagorean fuzzy sets. Fuzzy Sets Syst. 

,114, 505–518. [CrossRef] https://www.researchgate.net/profile/Paul-

https://ifigenia.org/wiki/Issue:Intuitionistic_fuzzy_sets
https://www.researchgate.net/publication/373763310_An_Introduction_to_Bipolar_Pythagorean_Refined_Sets
https://www.researchgate.net/publication/373763310_An_Introduction_to_Bipolar_Pythagorean_Refined_Sets
https://link.springer.com/book/10.1007/978-3-7908-1870-3
https://www.americaspg.com/article/pdf/996
https://gredos.usal.es/bitstream/handle/10366/153902/FINAL%20VERSION.pdf?sequence=1&isAllowed=y
https://gredos.usal.es/bitstream/handle/10366/153902/FINAL%20VERSION.pdf?sequence=1&isAllowed=y
http://dx.doi.org/10.3233/JIFS-189072
https://www.researchgate.net/publication/364813880_Circular_Pythagorean_fuzzy_sets_and_applications_to_multi-criteria_decision_making
https://www.researchgate.net/publication/364813880_Circular_Pythagorean_fuzzy_sets_and_applications_to_multi-criteria_decision_making
https://www.mdpi.com/2227-7390/9/10/1121
https://www.semanticscholar.org/paper/Some-Basic-Operations-on-Pythagorean-Fuzzy-Sets-Rahman-Abdullah/519647e66b9e23c084dd3a28ed2010c98ef35b0b
https://www.semanticscholar.org/paper/Some-Basic-Operations-on-Pythagorean-Fuzzy-Sets-Rahman-Abdullah/519647e66b9e23c084dd3a28ed2010c98ef35b0b
https://www.researchgate.net/publication/336026793_A_Novel_Distance_Measure_for_Pythagorean_Fuzzy_Sets_and_its_Applications_to_the_Technique_for_Order_Preference_by_Similarity_to_Ideal_Solutions
https://www.researchgate.net/publication/336026793_A_Novel_Distance_Measure_for_Pythagorean_Fuzzy_Sets_and_its_Applications_to_the_Technique_for_Order_Preference_by_Similarity_to_Ideal_Solutions
https://www.researchgate.net/publication/336026793_A_Novel_Distance_Measure_for_Pythagorean_Fuzzy_Sets_and_its_Applications_to_the_Technique_for_Order_Preference_by_Similarity_to_Ideal_Solutions
http://dx.doi.org/10.1016/j.artmed.2018.05.002
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
http://dx.doi.org/10.1016/j.patrec.2013.05.015
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
http://dx.doi.org/10.1016/S0165-0114(98)00244-9
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf


73                                                                                  Vol.20, No.01(I), January-June:  2025  

Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links

/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf  

13. Szmidt, E.; Kacprzyk, J. (2004). Similarity of Pythagorean fuzzy sets and the Jaccard coefficient. 

In Proceedings of the Tenth International Conference IPMU’2004, Perugia, Italy, 2,  1405–1412. 

https://www.researchgate.net/publication/303288067_Similarity_of_intuitionistic_fuzzy_sets_and_t

he_Jaccard_coefficient  

14. Szmidt, E.; Kacprzyk, J.(2009). Analysis of similarity measures for Atanassov’s Pythagorean 

fuzzy sets. In Proceedings of the PFSA/EUSFLAT, Lisboa, Portugal, 20–24 , 1416–1421. 

https://ifigenia.org/wiki/Issue:Analysis_of_similarity_measures_for_Atanassov's_intuitionistic

_fuzzy_sets  

15. Szmidt,E.( 2 0 1 4 ) . Distances and Similarities in Pythagorean Fuzzy Sets; Studies in 

Fuzziness and Soft Computing;  Springer:Berlin/Heidelberg, Germany, 307. 

https://www.researchgate.net/profile/Paul-

Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/li

nks/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf  

16. Yang, Y.; Chiclana, F.(2012). Consistency of 2D and 3D distances of Pythagorean fuzzy sets. 

Expert Syst. Appl., 39, 8665–8670.[CrossRef] 

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=26edcf9c6f8ec192634a43b3d3c373

e523d2d327  

17. Zadeh, L.(1965). Fuzzy sets. Inf. Control, 8, 338–353. [CrossRef] 

https://www.scirp.org/reference/referencespapers?referenceid=1235352  

 

https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/publication/303288067_Similarity_of_intuitionistic_fuzzy_sets_and_the_Jaccard_coefficient
https://www.researchgate.net/publication/303288067_Similarity_of_intuitionistic_fuzzy_sets_and_the_Jaccard_coefficient
https://ifigenia.org/wiki/Issue:Analysis_of_similarity_measures_for_Atanassov's_intuitionistic_fuzzy_sets
https://ifigenia.org/wiki/Issue:Analysis_of_similarity_measures_for_Atanassov's_intuitionistic_fuzzy_sets
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
https://www.researchgate.net/profile/Paul-Ejegwa/publication/329802510_Distance_and_similarity_measures_for_Pythagorean_fuzzy_sets/links/5c1b83e0299bf12be38ca87f/Distance-and-similarity-measures-for-Pythagorean-fuzzy-sets.pdf
http://dx.doi.org/10.1016/j.eswa.2012.01.199
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=26edcf9c6f8ec192634a43b3d3c373e523d2d327
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=26edcf9c6f8ec192634a43b3d3c373e523d2d327
http://doi.org/10.1016/S0019-9958(65)90241-X
https://www.scirp.org/reference/referencespapers?referenceid=1235352

