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ABSTRACT:  

Distance measure is one of the types of 

research in a Pythagorean fuzzy environment due to 

its quantitative ability to distinguish Pythagorean 

fuzzy sets (PFSs). The common thread of 

incompetency for these existing distance functions 

is their inability to distinguish highly uncertain PFSs 

distinctly. Euclidean distance functions for PFSs are 

applied in the fields of multi-attribute decision 

making (MADM). In this paper, the applicability of 

the distance measure is demonstrated through proper 

numerical examples in the areas of medical 

diagnosis. The nearness between the hospital 

information system and the opinions of the 

physicians about the symptoms was examined to 

validate those opinions using the Euclidean distance 

measure. 
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I. INTRODUCTION 
 Vagueness has been defined and expressed 

for centuries only as an element of probability 

theory. In these periods, vagueness was used 

synonymously with randomness. By the 1960s, this 

perspective changed with the development of 

theories that characterize uncertainty in different 

dimensions apart from probability theory. With the 

newly proposed theories, vagueness has started to be 

considered a multidimensional concept, and it has 

been accepted that randomness is only a sub-

dimension of the concept of vagueness. 

 Today, it is accepted that the basis of the 

concept of vagueness is the deficiency and 

inadequacy of the information level in the system. 

Many limitations, such as technological 

inadequacies, systems that change and transform 

depending on time, and limitations in the biological 

sensory system of humanity cause vague systems to 

exist in all areas. 

 The concept of the Fuzzy Set (FS), 

developed by [7], has been accepted as an effective 

tool to overcome ambiguity and vagueness and has 

been successfully applied in many different fields 

such as economics, engineering and management. In 

the past few decades, FS theory has been expanded 

through different approaches with distinct additions 

by numerous researchers. Among these, the 

Intuitionistic Fuzzy Set (IFS) theory, which is 

accepted in the literature and has applications in 

many fields, was developed by [4]. Studies have 

shown that IFS is more effective than FS theory in 

overcoming uncertainty. While FS theory is 

modeled to show only the degree of membership 

defined in [0, 1], in IFS theory, in addition to the 

membership degree (MS degree), the degree of non-

membership (NMS degree) is also defined. In IFS 

theory, both MS and NMS degrees are in the range 

of [0, 1].  

 There are three theories for solving the 

problems arising in engineering, economics, social 

science, etc. Due to the inadequacy of these 

theories’ parameterization tools, each of them has its 

own Intuitionistic limitations. In order to overcome 

these difficulties, [4] extended crisp soft sets to 

Fuzzy Soft Sets (FSSs) and Intuitionistic Fuzzy Soft 

Sets (IFSSs) and studied the application of these soft 

sets in decision-making problems. [6] developed the 

Pythagorean Fuzzy Set (PFS) specifically to handle 

situations where the IFS method falls short. PFS is 

an extension of IFS. The PFS extension improves 

both the flexibility and applicability of IFS. 

[5]introduced the Pythagorean fuzzy soft set (PFSS) 

and studied a decision-making algorithm based on 

the Pythagorean fuzzy soft set. [2] introduced the 

soft matrices, which are representations of the SSs, 

and successfully applied the soft matrices to 

decision-making problems. [1] extended the matrix 

representation of soft sets to FSSs and Intuitionistic 

Fuzzy Soft Matrix (IFSM), respectively, and applied 

it to decision-making problems.  

  A primary assignment of medicine is to 

diagnose diseases. Statistical methods and, in recent 

years, methods such as artificial neural networks 
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and machine learning have been frequently used in 

medical diagnosis. When more than one physician 

comes together for medical diagnosis, the work 

turns into a GDM process. The knowledge of the 

group of physicians can be used to achieve a final 

result in medical diagnosis [3]. However, it is 

known that diagnosing diseases is not a simple task. 

Because no matter how much information they have 

about symptoms, the diagnosis of the disease 

contains some uncertainty. When the diagnosis is 

made on time and with the greatest accuracy 

possible, the patient’s health result will be positive. 

Because clinical decision-making will be tailored to 

a correct understanding of the patient’s health 

problem, the accurate diagnosis and the most 

effective treatment appropriate for this diagnosis 

will also positively affect public policy. Thus, 

extravagance in health problems, which have an 

important place in public finance, will be avoided, 

allocated resources will be used accurately, and 

research and development opportunities will 

increase. Medical decision-making can be 

considered a continuum, assembling both analytical 

cognition and intuition. It includes reasoning within 

complicated casual models of multiple notions, 

generally characterized by uncertain, imprecise, 

and/or incomplete information.    

  
 

II. BASIC DEFINITION 
Definition 1: 

 An Intuitionistic fuzzy set (IFS) I in X 

(universe of discourse) is given by  

  I = {<      ( ),     > /   X}; 

where        [   ] and   :    [   ] denote the 

degree of membership and degree of non-

membership, respectively, and for every    X 

satisfy the condition           0     ( ) +       1 

and the degree of indeterminacy for any IFS I and 

   X is given by  I( ) = 1    ( )        . 

Definition 2: 

 A Pythagorean fuzzy set (PFS) M in X 

(universe of discourse) is given by  

                         M = {<      ( ),     > /   

X}; 

where        [   ] and   :    [   ] denote 

the degree of membership and degree of non-

membership, respectively, and for every    X 

satisfy the condition 0    
 ( ) +  

      1 and the 

degree of indeterminacy for any PFS M and    X 

is given by  M( ) = √    
       

    . 

Definition 3: 

 Let X = { 1,  2,  3,…  m} be the universe 

of discourse and E={ 1,  2,…  n} be the set of 

parameters. Consider A   E. 

(i) The pair (      is called soft set over X if and 

only if    : A    (X),     

       where  (X) is the power set of X. 

(ii) Let F(X) denotes the set of all fuzzy sets of X. A 

pair (  ,E) is called a  

fuzzy soft set over F(X), where F is a mapping given 

by    : A    (F(X)). 

(iii) The pair (  , E) is called the Pythagorean fuzzy 

soft set (PFSS) over X if  

   : A → PFS(X) and can be represented as 

(  , E) = {( ,   ( )) :    A,   ( )  PFS(X)}, 

 

 

 

where PFS(X) denotes the set of all Pythagorean 

fuzzy sets of X. 

(iv) If         
(      , then a matrix [   ] = 

[   
(      ] is called soft matrix of the soft set 

(    ) over  

X of order m   n. 

Definition 4: 

 If (  , E) be a Pythagorean fuzzy soft set 

over X, then the subset X   E is uniquely defined by 

   = {(   ),    A,     ( )}. The   can be 

characterized by its membership function and non-

membership function given by  

   
 : X   E  [0,1] and    

 :  X   E  [0,1], 

respectively. 

 If (         = (   
(      ,   

(      ), where 

   
(       is the membership of    in the 

Pythagorean fuzzy set F(   and    
(       is the 

non-membership of    in the Pythagorean fuzzy 
set F(   , respectively, then a matrix is defined  

given by  

[M] = [   ]    = [(   
     

 )]      = 

[
 
 
 
 
                             

                             
     
     

                             ]
 
 
 
 

 

which is called Pythagorean fuzzy soft matrix 

(PFSM) of order m   n over X. 

Definition 5: 

 Let A =  [(   
     

 )], B = [(   
     

 )]  

       . Then the normalized Euclidean 

distance between A and B are defined as (Type 1) 

         =  

√
 

  
∑    
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Definition 6: 

Let A =  [(   
     

 )], B = [(   
     

 )]         . 

Then the normalized Euclidean distance between A 

and B are defined as (Type 2) 

             

 √
 

  
∑                

                 
 

 

   

                
   

 

 

III. NUMERICAL EXAMPLE  
Let G ={q1, q2, q3, q4, q5} be a set of diagnoses 

which represent malaria, viral fever, typhoid, 

Chikungunya, dengue respectively. Let S = {s1, s2, 

s3, s4, s5} be a set of symptoms which represent 

temperature, head ache, body pain, cough and 

fatigue respectively. Let H = {p1, p2, p3, p4} be a 

group of four physicians. These physicians are 

examining the symptoms of these diseases 

represented by q1, q2, q3, q4, q5. According to their 

observations, the PFSMs [   ] [   ] [   ] [   ]are 

constructed which represents the opinions of 

physicians p1, p2, p3, p4 respectively on disease qi 

having symptom sj. 

We establish the PFSM was given with the 

opinions of physicians on symptoms and diseases as 

follows: 

P=[   ]  

[
 
 
 
 
                                                 
                                                 

                                                 

                                                 

                                                  ]
 
 
 
 

 

 

 

Q=[   ]=

[
 
 
 
 
                                             
                                             

                                             

                                             

                                                ]
 
 
 
 

 

R=[   ]=

[
 
 
 
 
                                             
                                             

                                             

                                             

                                                ]
 
 
 
 

 

T=[   ]=

 

[
 
 
 
 
                                             
                                             

                                             

                                             

                                                ]
 
 
 
 

 

 

  A PFSS table was given with the opinions of physicians on symptoms and diseases. Let H 

denote the PFSM for the data in Table 1: 

Table 1: Hospital information system 

  Temperature Headache Body pain Cough Fatigue 

Malaria (0.6,0.3) (0.5,0.4) (0.3,0.7) (0.2,0.8) (0.8,0.2) 

Viral fever (0.7,0.2) (0.5,0.4) (0.2,0.8) (0.4,0.7) (0.7,0.3) 

Typhoid (0.8,0.1) (0.7,0.3) (0.7,0.2) (0.6,0.5) (0.6,0.3) 

Chikungunya (0.7,0.3) (0.6,0.5) (0.2,0.7) (0.2,0.6) (0.1,0.8) 

Dengue (0.3,0.6) (0.4,0.5) (0.8,0.3) (0.7,0.2) (0.1,0.8) 

 

H = 

[
 
 
 
 
                                             

                                             
                                             

                                             

                                             ]
 
 
 
 

 

Two types of normalized Hamming distances given 

will be used and results will be compared in this 

section. Now, the degree of indeterminacy for the 

matrices P, Q, R, T and H are tabulated as follows:  

 

we have, the degree of indeterminacy for any PFSM 

matrix is given by    
 =√  (   

 )
 
     

    

For instance,    
 =√      

        
    = 

√           = 0.59 

Similarly using the above formula to find the π 

matrix values of P, Q, R, T and H 
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For matrix P  

0.59 0.53 0.74 0.71 0.74 

0.77 0.57 0.59 0.62 0.77 

0.62  0.59 0.62 0.52 0.69 

0.81 0.74 0.59 0.69 0.53 

0.77 0.65 0.62 0.59 0.77 

For matrix Q 

For matrix R 

0.59 0.53 0.77 0.74 0.59 

0.59 0.71 0.59 0.65 0.74 

0.71 0.74 0.59 0.62 0.52 

0.52 0.74 0.65 0.65 0.53 

0.69 0.59 0.59 0.77 0.77 

For matrix T 

 

For matrix H 

0.74 0.69 0.59 0.65 0.74 

0.77 0.77 0.65 0.62 0.77 

0.65 0.57 0.69 0.69 0.52 

0.57 0.59 0.62 0.77 0.69 

0.57 0.65 0.74 0.59 0.59 

 
. Let the sets    

,    
    

,    
 denote the opinions of 

physicians A, B, C, D respectively about disease    

having symptoms   ,   ,  ,   ,  , i = 1,2,3,4,5.       

 Let    
be the values in the Hospital 

information system about  disease    having 

symptoms  ,   ,  ,   ,  , i = 1,2,3,4,5. 

 

 

 

Euclidean Distance measurements: 

    denotes the Euclidean distance of Type 1. Now, 

let’s calculate the values of     . 

     =          =  

√
 

  
∑    

        
      

     
        

      
     

        
     

   

 

   

 

   (   
    

  

= 

√

 

    
[                                                    

                                                          
                                                       

                                            ]                          

 

= 0.401 

   (   
    

  

= 

√

 

    
[                                                    

                                                          
                                                       

                                            ]                          

 

= 0.235 

   (   
    

  

= 

√

 

    
[                                                    

                                                          
                                                       

                                            ]                          

 

= 0.185 
   (   

    
  

= 

√

 

    
[                                                    

                                                          
                                                       

                                            ]                          

 

= 0.248 

   (   
    

  

= 

√

 

    
[                                                    

                                                          
                                                       

                                            ]                          

 

= 0.293 

Similarly 

   (   
    

 = 0.308    (   
    

 = 0.398 

   (   
    

 = 0.295    (   
    

 = 0.323 

   (   
    

 = 0.246    (   
    

 = 0.216 

   (   
    

 = 0.274    (   
    

 = 0.259 

   (   
    

 = 0.285    (   
    

 = 0.301 

   (   
    

 = 0.298    (   
    

 = 0.274 

   (   
    

 = 0.257    (   
    

 = 0.291 

   (   
    

 = 0.312 

     denotes the hamming distance of Type 1. Now, 

let’s calculate the values of      . 

     =    (     = 

0.69 0.74 0.77 0.59 0.71 

0.69 0.65 0.77 0.74 0.71 

0.81 0.62 0.77 0.57 0.59 

0.59 0.69 0.74 0.77 0.77 

0.81 0.77 0.65 0.59 0.69 

0.69 0.77 0.62 0.57 0.69 

0.74 0.69 0.51 0.74 0.65 

0.77 0.77 0.74 0.62 0.52 

0.59 0.74 0.77 0.62 0.59 

0.57 0.62 0.65 0.74 0.69 
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√
 

  
∑                

                 
 

 

   

                
   

  
  (   

    
  =

√

 

    
[                                                    

                                              
                                               

                                            ]                                 

 

= 0.409 

  (   
    

 = 

√

 

    
[                                            

                                                     
                                               

                                      ]                          

 

= 0.217 

  (   
    

  = 

√

 

    
[                                            

                                                  
                                               

                                      ]                          

 

= 0.205 

  (   
    

  = 

√

 

    
[                                            

                                                  
                                               

                                      ]                          

 

= 0.265 

  (   
    

  = 

√

 

    
[                                            

                                                  
                                               

                                      ]                          

 

= 0.286 

  (   
    

  = 0.316   (   
    

  = 0.397 

  (   
    

  =  0.281   (   
    

  =  0.345 

  (   
    

  = 0.224   (   
    

 = 0.20 

  (   
    

  = 0.286   (   
    

  = 0.283 

  (   
    

  = 0.305   (   
    

 = 0.297 

  (   
    

  =  0.297   (   
    

  = 0.277 

  (   
    

  = 0.237   (   
    

  = 0.311 

  (   
    

  =  0.312 

 

IV. RESULTS FROM THE EUCLIDEAN DISTANCES 
    Table 2:Euclidean distance measurements: 

   Malaria Viralfever   Typhoid Chikungunya   Dengue 

                                         

PhysicianA 0.401 0.409 0.235 0.217 0.185 0.205 0.248 0.265 0.293 0.286 

PhysicianB 0.308 0.316 0.295 0.281 0.246 0.224 0.274 0.286 0.285 0.305 

PhysicianC 0.398 0.397 0.323 0.345 0.216 0.200 0.259 0.283 0.301 0.297 

PhysicianD 0.298 0.297 0.274 0.277 0.257 0.237 0.291 0.311 0.312 0.312 

 

From Table 2, it is observed by comparing both 

types of Euclidean distance measurements    

and    that they do not differ much and give 

approximately the same distance for the opinion of 

each physician on each disease.It is also observed 

that the opinions of Physicians A, B and C are 

‘Typhoid’ according to both     and    . 

 But the opinion of Physician D according 

to     is ‘Viral fever’ and according to     is 

‘Typhoid’. 

 The common result of    and      for 

majority of the physicians i.e., Typhoid coincides 

with the results of case 1 and case 2. 

 

  

V. CONCLUSION 
The concept of the Pythagorean Fuzzy 

Soft Matrix has been studied along with 

applications with the help of a numerical 

example.In medical and other applications, to solve 

real-world problems, easy-to-use and high-

accuracy decision-making, forecasting, and data 

analysis approaches can be investigated using 

different fuzzy environments.  

In this way, medical diagnosis problems 

using normalized PFSMs one for each, and have 

been successfully implemented with the help of a 

numerical example by using the collected opinions 

of physicians about symptoms. 

 In the paper, using distance measurement 

tools such as two kinds of normalized Euclidean 

distance measurements and the nearness between 

the hospital information system and the opinions of 

the physicians was examined, and the results 

obtained from the two kinds of each were 

compared. 
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