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Abstract: Single Valued Neutrosophic Numbers in numerous forms are useful tool for dealing 

with indeterminate and inconsistent information encountered in real world. At times more emphasis 

have to be given to the indeterminate information and in such case these concepts may not be 

sufficient to deal with it. To overcome this, in this paper we have proposed the definition of 

Gaussian Double Refined Indeterminate Neutrosophic Number (GDRINN).Also we developed a 

ranking method based  on the     cut  and is applied to the decision making algorithm. The method 

is exhibited with a hypothetical case study. 

Keywords: Gaussian fuzzy number, Gaussian Single valued Neutrosophic Number, Gaussian 

Double Refined Indeterminate Neutrosophic Number. Decision making 

1. Introduction 

Fuzzy numbers are widely used to quantity the associated uncertainty in several real life problems. 

From the introduction of Fuzzy set theory by Zadeh in 1965, many developments have been done 

by different researchers on fuzzy set theory. Different types of fuzzy numbers also have been 

introduced by different researchers. Out of different fuzzy numbers, Gaussian fuzzy number is very 

important in different real life problems. 

Dutta and Ali [3] used Gaussian fuzzy number to represent epistemic type uncertainty, fused 

with triangular fuzzy numbers and  carried out risk assessment under fuzzy environment. Garg and 

Singh [5] suggested the numerical solution for fuzzy system of equations by using the Gaussian 

membership function to the fuzzy numbers considering in its parametric form. Sen et.al [21] 

proposed a new similarity measure of Gaussian fuzzy numbers based on on the exponent distance 

about mean, standard deviation and height of the Gaussian fuzzy numbers.  Bharatraj, J [1] defined 

IVIFSs using Gaussian membership functions (GMFs), and new measures of the distance, the 

overlap, and the angle between two sets and used it to determine the similarities between test 
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subjects in genetic brain profiling. Ranjan kumar et.al. [20] exhibited a novel method for finding the 

neutrosophic shortest path problem (NSSPP) considering Gaussian valued Neutrosophic number. 

Multi-attribute decision making (MADM) which is an important part of decision science is 

to find an optimal alternative, which are characterized in terms of multiple attributes, from 

alternative sets. In many practical problems, the decision makers may be not able to evaluate 

exactly the values of the MADM problems due to uncertain and asymmetric information between 

decision makers and hence the values of the MADM problems are not measured by accurate 

numbers. Though we can use  some sets such as; a fuzzy set, intuitionistic set and neutrosophic set 

to represent an uncertainty of values of the MADM problems ,in recent years neutrosophic sets 

(NSs) have become a subject of great interest for researchers [15],[16],[17],[18],[19] and have been 

widely applied to multi-criteria group decision-making (MCGDM) problems. Mondal and 

Pramanik[8-10] applied neutrosophic sets in multi criteria decision making for diverse concepts. 

Peng et al. [14] introduced the concept of multi-valued neutrosophic power aggregation 

operators and applied to multi-criteria group decision-making problems. Further as an advancement 

Karaaslan [6] introduced Gaussian single-valued neutrosophic number and used it to solve 

multicriteria decision making problem. In order to provide more emphasis for the indeterminacy, 

we have introduced the definition of Gaussian Double Refined Indeterminate Neutrosophic number 

and applied it to solve the multicriteria decision making problem. 

2.Preliminaries 

2.1 Gaussian Fuzzy Number: A fuzzy number is said to be a Gaussian Fuzzy Number    (    ) 

whose membership function is given by  
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where    denotes the mean and   denotes the standard deviation of the distribution.  

2.2        of Gaussian Fuzzy Number:If the Gaussian membership function is given by 
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) ,  then the        is given by         [    √             
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2.3 Gaussian Single Valued Neutrosophic Number:[6] A single Valued Neutrosophic number is 

said to be Gaussian Single Valued Neutrosophic Number       ((      ) (      )(      )) 

whose truth membership function, indeterminacy membership function and falsity membership 

function are defined as   
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where            denotes the mean of the truth membership, indeterminacy membership and falsity 

membership distribution functions ,            denotes the standard deviation  of the truth 

membership, indeterminacy membership and falsity membership distribution functions. 

3. Gaussian Double Refined Indeterminate Neutrosophic Number(GDRINN): 

In this section we have proposed the definition of GDRINN,    cut  of GDRINN and its arithmetic 

operations using     cut 

3.1 Definition: A GDRINN  ̿  =((  ̅   ) (   ̅̅̅̅     ) (   ̅̅ ̅̅     ) (  ̅̅ ̅   )) whose truth membership 

function, indeterminacy leaning towards truth membership function, indeterminacy leaning towards 

falsity membership function and falsity membership function are given as follows. 
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respectively. 

Here   ̅     ̅̅ ̅̅      ̅̅ ̅̅ ̅   ̅̅ ̅    denotes the mean of truth membership function, indeterminacy leaning 

towards truth membership function, indeterminacy leaning towards falsity membership function and 

falsity membership function value.                denotes the standard deviation of distribution of 

truth membership function,  indeterminacy leaning towards truth membership function, 

indeterminacy leaning towards falsity membership function and falsity membership value. 
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3.2 Graphical Representation of GDRINN: 

The GDRINN ̿  = ((       ) (       ) (       ) (       ))is depicted in Fig 1. 

 

3.3       of Gaussian Double Refined Indeterminate Neutrosophic Number: 

The       of  GDRINN  are as follows. 

 ̿    
   [  ̅    √          ̅      √      ] 

 ̿     
   [   ̅̅̅̅     √           ̅̅̅̅       √      ] 
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   [   ̅̅ ̅̅     √     (   )     ̅̅ ̅̅       √     (   )] 
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   [  ̅̅ ̅    √     (   )    ̅̅ ̅      √     (   )] 

3.4 Arithmetic Operations of Gaussian Double Refined Indeterminate Neutrosophic Number 

based on       : 

Let   ̿    (( ̅ ̿    ̿ ) ( ̅ ̿     ̿  ) ( ̅ ̿     ̿  )  ( ̅ ̿    ̿ ))  and  

 ̿    (( ̅ ̿    ̿ ) ( ̅ ̿     ̿  ) ( ̅ ̿     ̿  )  ( ̅ ̿    ̿ )) 

be two Gaussian Double Refined Indeterminate Neutrosophic Numbers. Then their        of these 

are as follows: 



Decision making using Gaussian Double Refined Indeterminate Neutrosophic Number 

 

Section A-Research paper 

 

4811 
Eur. Chem. Bull. 2023, 12(Special Issue 6), 4778 - 4806 

 ̿    
   [ ̅ ̿    ̿ √         ̅ ̿      ̿ √      ] 

 ̿     
   [ ̅ ̿     ̿  √         ̅ ̿       ̿  √      ] 

 ̿     
   [ ̅ ̿     ̿  √     (   )   ̅ ̿      ̿  √     (   )] 

 ̿    
   [ ̅ ̿    ̿ √     (   )   ̅ ̿      ̿ √     (   )] 

and  

 ̿       [ ̅ ̿    ̿ √         ̅ ̿       ̿ √      ] 

 ̿        [ ̅ ̿     ̿  √         ̅ ̿       ̿  √      ] 

 ̿        [ ̅ ̿     ̿  √     (   )   ̅ ̿      ̿  √     (   )] 

 ̿       [ ̅ ̿    ̿ √     (   )   ̅ ̿      ̿ √     (   )] 

Based on      , the arithmetic operations between  ̿   and   ̿    are defined as follows. 

1. Addition: 
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Truth membership function, indeterminacy leaning towards truth membership function, 

indeterminacy leaning towards falsity membership function and falsity membership function of 

addition of Gaussian Double Refined Indeterminate Neutrosophic Numbers ̿   and  ̿  are as 

follows. 
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2. Subtraction : 
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Truth membership function, indeterminacy leaning towards truth membership function, 

indeterminacy leaning towards falsity membership function and falsity membership function of 

subtraction of Gaussian Double Refined Indeterminate Neutrosophic Numbers   ̿   and  ̿  are 

as follows. 
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3.Multiplication: 
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4. Decision making using Gaussian Double Refined Indeterminate Neutrosophic 

Number 

We have considered the decision making problem adapted from [4] and we have extended the 

algorithm of Karaaslan [6] with proposed definition and by applying the newly defined score 

function using     cut . 

Let us denote the set of Patients by P = {            } ,set of symptoms byS= 

{            }and set of diseases by D = {            }.  

Table:1 Double Refined Indeterminate Neutrosophic number for Linguistic terms 

Linguistic terms Linguistic values for DRINN 

Absolutely Low 〈                   〉 

Low 〈                   〉 

Fairly Low 〈                   〉 

Medium 〈                   〉 
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Fairly High 〈                   〉 

High 〈                   〉 

Absolutely High 〈                   〉 

 

Patients    (i = 1, 2, ..., p) are evaluated by experts using Table 1 for each symptom    (j = 1, 2, ..., 

s), and patient-symptom (PS) matrix is given as follows: 

PS = (

          
          
 
   

 
   

 
 

 
   

) 

 

     〈                     〉 denotes the DRINN value of patient   related to symptom   . Next the 

Symptoms    (j = 1, 2, ..., s) are evaluated by Gaussian Double Refined Indeterminate Neutrosphic 

numbers for each disease    (        ) and the symptom- disease  (SD) matrix is given as 

follows: 

SD =(
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Gaussian DRINN of symptom    related to disease    . 

Decision matrix of Patient-Disease (PD ) is obtained by  the composition of patient-symptom (PS) 

and symptom- disease  (SD) as follows 
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For the above Gaussian DRINN the score function is defined as  

     [  (      ̅        √               ̅̅̅̅          √               ̅̅ ̅̅

         √     (   )        ̅̅ ̅        √     (   ))

 (      ̅          √               ̅̅̅̅           √               ̅̅ ̅̅  

         √     (   )        ̅̅ ̅          √     (   ))]     

If max {    } =      for 1 ≤ t ≤ k, then it is said that patient    suffers from disease   . In case max 

     occurs for more than one value, for 1 ≤ t ≤ k, then symptoms can be re-examined. 

Algorithm: 

The patient-symptom matrix obtained according to opinion of expert is considered as the input, 

analysis is performed and  the disease for each patient is diagnosed  and given as output. 

Step1: Construct Patient Symptom matrix PS according to opinions of experts by using Table 1. 

Step 2:  Construct Symptom -Disease matrix SD by using GDRINNs.  

Step 3.Calculate decision matrix PD as the composition of Patient Symptom matrix PS and  

           Symptom -Disease matrix SD . 

 

Step 4. Compute score values of each elements of decision matrix PD.  

Step 5. Find t for which max {    } =      for 1 ≤ t ≤ k 

Numerical Illustration: 

We have considered the hypothetical case study in Double Refined Indeterminate Neutrosophic 

Number to illustrate the proposed method. 

Let us assume that there are five patients                 and     who is considered to be 

suffering from viral fever (  ), tuberculosis (  ), typhoid (  ), throat disease (  ) or malaria (  ). 

In these diseases, common symptoms are temperature (  ), cough (  ), throat pain (  ), 

headache (  ), body pain (  ). 

Step 1: As per the Opinion and observation made by an expert, suppose that matrix PS is as 

follows: 
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Step 3: The decision matrix PD = P  S ◦ SD is  obtained . 

For ease , we denote √              and √     (   )       
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(                                  )  (                               ) 
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Step 4: The score value of each element of the decision matrix P D  and the score matric is given by 
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(

 
 

                           
                            
      
      
      

      
      
      

      
      
      

      
      
      

      
      
      )

 
 

 

 

Step 5: From the score matrix   , we say that patient 1 suffer from typhoid, patient 2 suffer from 

viral fever, patient 3 suffer from typhoid, patient 4 suffer from threat disease and patient 5 suffer 

from malaria. 

Conclusion: Double Refined Indeterminate Neutrosophic Numbers will provide us with a thorough 

study of indeterminacy. With this outlook we have defined GDRINN and proposed an approach for 

solving decision making problems with GDRINN. The illustrative example shows that the final 

result produced by the method proposed in this paper is precise with the result produced in [6]. 

Future scope of this research work could be to investigate the application of GDRINN in various 

optimization techniques. 
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