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Abstract: Recent studies have increasingly focused on aggregation within the neutrosophic 

environment due to its capability to handle ambiguity and uncertainty. However, to the authors' 

information, no current study has investigated aggregation operators for multi-valued interval 

neutrosophic soft numbers (MVINSSs) in the context of alternative ranking for decision-making 

problems. This paper proposes two novel aggregation operators: the multi-valued interval 

neutrosophic soft-weighted geometric averaging (MVINSWGA) and the multi-valued interval 

neutrosophic soft-weighted arithmetic averaging (MVINSWAA) operators under the MVINSS 

framework. The fundamental properties of the proposed operators, including idempotency, 

monotonicity, and boundedness, are established. In addition, a structured multi-criteria group 

decision-making (MCGDM) procedure incorporating the proposed operators is introduced. A 

numerical example involving software selection is provided to illustrate the applicability of the 

suggested approach. Comparative analysis confirms the consistency of ranking results, indicating 

that the MVINSWGA and MVINSWAA operators are robust and effective in addressing MCGDM 

problems within the MVINSS environment. 

Keywords: arithmetic aggregation; geometric aggregation; multi-valued neutrosophic set; soft set; 

decision-making 

 

 

1. Introduction 

Classical set theory effectively models problems characterized by determinacy and precision. 

However, it lacks the capability to manage the uncertainty and imprecision frequently encountered 
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in real-world situations. To address this shortcoming, several mathematical models have been 

introduced, including as fuzzy sets [1], interval-valued fuzzy sets [2], intuitionistic fuzzy sets (IFS) 

[3], vague sets [4] and rough sets [5]. Despite their contributions, these models are often limited by 

insufficient parameterization [6]. 

 

To overcome this, Molodtsov proposed the soft set (SS) theory [6], which emphasizes 

parameterization in decision approximation rather than relying solely on membership functions. 

Since its inception, SS theory has been applied to diverse areas such as integration [7], optimization 

[8], game theory [9], [10], lattice theory [11-13], algebraic structures [14], [15], topology [16-18], data 

analysis and operations research [19-22], medical diagnosis [23], and decision-making under 

uncertainty [24-28]. 

 

In parallel, Zadeh's fuzzy set theory [1] introduced the concept of fuzziness, enabling the handling 

of imprecise information. Maji et al. [29] later integrated FS with SS to propose the fuzzy soft set (FSS), 

which offers a framework to represent fuzzy information with parameterization. FSS has been widely 

explored [30-32] and applied in areas such as forecasting [33], medicine [34], and flood prediction 

[35]. 

 

To enhance FS further, Atanassov introduced IFS [3], which incorporates dual membership 

functions—truth and falsity—allowing simultaneous representation of membership and non-

membership degrees. This led to the development of the intuitionistic fuzzy soft set (IFSS) by 

integrating IFS and SS [36], with several studies following [37-41]. However, IFS is constrained by 

the dependency between membership values, where the sum of truth and falsity is less than 1. 

 

To address this, Smarandache [42] introduced neutrosophic set (NS) theory, which the symbols ,   

and   are used to represent truth-membership function, indeterminacy-membership function and 

falsity-membership function respectively, with each membership function ranging within the non-

standard interval ]⁻0, 1⁺[. This generalization allows NS to better interpret the ambiguous and 

confusing data that frequently arises in actual decision-making. 

 

It can be said that the NS is a new set that overcomes the limitation of IFS. The dual memberships of 

IFSs are unable to cater for the indefinite and ambiguous information in which this kind of 

information always exists in belief systems and decision-making processes. The NS which consists of 

three independent memberships of truth, indeterminacy and falsity become an enhancement to the 

dual memberships of IFSs. Fundamentally, it is the generalization to the typical interval in IFS [3] 

which is [0,1].  

 

Recent years have seen active development in the study of neutrosophic set (NS) theory [43-47]. 

Recognizing the limitations of classical SS in uncertain contexts, researchers integrated NS with SS, 

forming the neutrosophic soft set (NSS) [48]. Numerous scholars have since worked on this concept. 

[49-52]. This framework was later extended into the interval-valued neutrosophic soft set (IVNSS) 

[53], enabling interval-based uncertainty modeling. The interval-valued neutrosophic set (IVNS) 
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proposed by Wang et al. [54] supports more expressive modeling of imprecise, inadequate, and 

inconsistent data and has gained attention in various studies [55-57]. 

 

Meanwhile, Wang and Li extended NS into the multi-valued neutrosophic set (MVNS) [58], where 

the T, I, and F memberships are not limited to single values [59-63]. Alkhazaleh [64] further combined 

MVNS with SS to form the multi-valued neutrosophic soft set (MVNSS), suitable for problems 

involving multiple uncertain values [65-68]. 

 

Despite these developments, challenges remain when decision-makers (DMs) are faced with complex 

problems and are hesitant to provide single-valued or non-interval assessments. To accommodate 

such scenarios, Broumi et al. [69] proposed the multi-valued interval neutrosophic set (MVINS), 

which allows DMs to provide evaluations in the form of multi-valued interval memberships. This 

model has been discussed in several works [69-72]. 

 

Building on this, Mohd Kamal et al. [73] introduced the multi-valued interval neutrosophic soft set 

(MVIN-SS) by integrating SS and MVINS. This model is able to be used to multi-criteria group 

decision-making (MCGDM) cases and defines fundamental operations like intersection, union, 

complement, AND, and OR. 

 

In MCGDM, aggregation is a critical step, where evaluations from multiple DMs are combined into 

a consensus decision. The weighted arithmetic average [74] and weighted geometric average [75] are 

foundational aggregation operators, widely applied across various domains. Extensions and variants 

include the trapezoidal intuitionistic fuzzy prioritized weighted averaging and geometric operators 

[76], aggregation under triangular intuitionistic fuzzy environments [77], single-valued neutrosophic 

weighted averaging (SVNWA) [78], and interval neutrosophic weighted operators [79-82]. 

 

Peng and Wang [62] focused on aggregation in multi-valued neutrosophic environments, while Ye 

[83] introduced trapezoidal neutrosophic number-based operators. Khan et al. [84] explored hesitant 

fuzzy aggregation using logarithmic spherical functions. Gao et al. [85] developed a linguistic 

aggregation framework, and Cagman et al. [86] proposed fuzzy soft aggregation operators. Saqlain 

et al. [49] and Jana and Pal [87] introduced aggregation techniques for neutrosophic hypersoft sets 

and single-valued neutrosophic soft sets, respectively. 

 

Despite this progress, most existing aggregation techniques are restricted to the IFS, SVNS, IVNS, 

and SVNSS domains. There is a clear gap in exploring aggregation operators within the MVIN-SS 

framework, especially in MCGDM contexts involving interval-based and multi-valued evaluations. 

 

To address this, we propose two novel aggregation operators for MVIN-SS: the multi-valued interval 

neutrosophic soft-weighted arithmetic averaging (MVINSWAA) and geometric averaging 

(MVINSWGA) operators. These operators effectively aggregate information characterized by 

uncertainty, vagueness, and indeterminacy, and accommodate interval and multi-valued inputs. 
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To ensure the mathematical rigor and reliability of the proposed operators, key properties such as 

idempotency, monotonicity, and boundedness are established through algebraic proofs. A numerical 

example focused on software selection demonstrates the practical application of these operators 

within an MCGDM framework. 

 

The contributions of this paper are threefold: (1) we propose two novel aggregation operators—

MVINSWAA and MVINSWGA—within the MVIN-SS framework; (2) we mathematically prove 

essential aggregation properties including idempotency, monotonicity, and boundedness; (3) we 

demonstrate the effectiveness of the proposed approach through a real-world case study involving 

software selection, using score functions to rank alternatives. 

 

This paper has the following structure: The fundamental terms and ideas associated with MVIN-SS 

are reviewed in Section 2. Section 3 introduces MVINSWAA and MVINSWGA operators along with 

their mathematical properties. Section 4 presents an MCGDM framework incorporating the proposed 

operators. Section 5 provides an illustrative example. Section 6 offers a comparative analysis with 

existing methods. Section 7 wraps up the work and suggests areas for further research. 

2. Preliminaries  

In this section, we present some definitions and properties which are related to NS and MVIN-

SS. 

2.1. Neutrosophic Set 

Definition 2.1 [42] 

Let U  be a universe of discourse, then NS A  can be defined as 

{ ( ), ( ), ( ) / , }A A AA y y y y y U  =     

where , , : ] 0, 1 [U  
− +

→  define the degree of truth-membership ( ),A y  degree of indeterminacy 

( )A y  and degree of falsity ( )A y  respectively and there is no restriction on the sum of ( ), ( )A Ay y   

and ( ),A y  so 0 ( ) ( ) ( ) 3 .A A Ay y y  
− +

 + +   

According to philosophical perspective, the NS derives its value from actual standard or non-

standard subsets of ] 0, 1 [
− + . However, in real implementations, particularly in scientific and 

engineering domains, it is more appropriate to adopt the closed interval [ 0, 1] , as the use of ] 0, 1 [
− +  

presents difficulties in real-world implementations. 

2.2. Multi-Valued Interval Neutrosophic Set 

Definition 2.2 [69] 

Let U  be a space of points (objects), with a generic element in U  denoted by .y  An MVINS A  

over U  can be defined as  

{ ( ), ( ) , ( ) / , }
l m n

A A A
A y y y y y U  =      

where 
1 1 2 2 1 1 2 2

( ) [ ( ), ( )], [ ( ), ( )], , [ ( ), ( )], ( ) [ ( ), ( )], [ ( ), ( )], , [ ( ),
l q q m r r

A A A A A A A A A A A A A
y y y y y y y y y y y y y             

− + − + − + − + − + −
= = ( )],

A
y

+

1 1 2 2
( ) [ ( ), ( )], [ ( ), ( )], , [ ( ), ( )] }

n s s

A A A A A A A
y y y y y y y U      

− + − + − +
=   such that 0 ( ), ( ) , ( ) 3,

l m n

A A A
y y y  

+ + +
  for all 

1, 2, , ,l q= 1, 2, , ,m r= 1, 2, , .n s=  
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In this research, the interval truth-membership sequence ( ) ,
l

A
y  interval indeterminacy-membership 

sequence ( )
m

A
y , and interval falsity-membership sequence ( )

n

A
y  of an element y  are assumed to 

be equal, where ,q r s= =  respectively. The symbols , ,l m n  represent the dimensions of the MVINS 

.A . Clearly, upon equalizing the lower and upper bounds of ( ) , ( ) , ( )
l m n

A A A
y y y   , the MVINS reduces to 

a MVNS. 

Definition 2.3 [69]  

Let A  and B  be two MVINS. Then some operations for MVINS are given as follows: 
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1) Difference 

1 1 1 1 2 2 2 2

1

\ { ([ ( ) ( ), ( ) ( )],[ ( ) ( ), ( ) ( )], ,

[ ( ) ( ), ( ) ( )]),([

B B B BA A A A

q q q q

B BA A

A B y y y y y y y y

y y y y

       

    

− − + + − − + +

− − + +

=     

  1 1 1

2 2 2 2

1

( ) (1 ( )), ( ) (1 ( ))],[

( ) (1 ( )), ( ) (1 ( ))], , [ ( ) (1 ( )),

(y) (1 (y))]), ([

B BA A

r r

B B BA A A

r r

BA

y y y y

y y y y y y

  

     

  

− + + −

− + + − − +

+ −

 −  −

 −  −  −

 − 1 1 1 2 2 2 2( ) ( ), ( ) ( )],[ ( ) ( ), ( ) ( )], ,

[ ( ) ( ), ( ) ( )]) / , .

B B B BA A A A

s s s s

B BA A

y y y y y y y y

y y y y y y U

      

   

− − + + − − + +

− − + +

   

   

 

2) Addition 

1 1 1 1 2 2 2 2{ ([( ( ) ( )) 1, ( ( ) ( )) 1],[( ( ) ( )) 1, ( ( ) ( )) 1], ,

[( ( ) ( )) 1,( ( )

B B B BA A A A

q q q q

BA A

A B y y y y y y y y

y y y

       

   

− − + + − − + +

− − +

+ =  +  +  +  + 

+  + 1 1 1 1

2 2 2 2

( )) 1]),([( ( ) ( )) 1, ( ( ) ( )) 1],

[( ( ) ( )) 1, ( ( ) ( )) 1], [( ( ) ( )) 1, ( ( )

B B BA A

r r r r

B B BA A A A

y y y y y

y y y y y y y

   

       

+ − − + +

− − + + − − +

 +  + 

+  +  +  +

1 1 1 1 2 2 2 2

( )) 1]),

,([( ( ) ( )) 1, ( ( ) ( )) 1],[( ( ) ( )) 1, ( ( ) ( )) 1],

, [( ( ) ( )) 1, ( ( )

B

B B B BA A A A

s s s

BA A

y

y y y y y y y y

y y y

       

  

+

− − + + − − + +

− − +



+  +  +  + 

+  + ( )) 1]) / , .s

B
y y y U +   

                                  

3) Scalar Multiplication 

1 1 2 2

1 1

2

{ ([( ( )) 1,( ( )) 1)], [( ( )) 1,( ( )) 1)],

,[( ( )) 1,( ( )) 1)]), ([( ( )) 1,( ( )) 1)],

[(

A A A A

q q

A A A A

A

A y y y y

y y y y

        

       

 

− + − +

− + − +

−

=     

   

2

1 1 2 2

( )) 1,( ( )) 1)], ,[( ( )) 1,( ( )) 1)]),

([( ( )) 1,( ( )) 1)], [( ( )) 1,( ( )) 1)],

,[( ( )) 1,( (

r r

A A A

A A A A

s s

A A

y y y y

y y y y

y y

     

       

   

+ − +

− + − +

− +

   

   

 )) 1)]) / , , }.y y U R +  

          

4) Scalar Division 

1 1 2 2

1 1

2

/ { ([( ( ) / ) 1,( ( ) / ) 1)], [ ( ) / ) 1,( ( ) / ) 1)],

,[ ( ) / ) 1,( ( ) / ) 1)]),([( ( ) / ) 1,( ( ) / ) 1)],

[ ( ) /

A A A A

q q

A A A A

A

A y y y y

y y y y

y

        

       

 

− + − +

− + − +

−

=     

   

2

1 1 2 2

) 1,( ( ) / ) 1)], ,[ ( ) / ) 1,( ( ) / ) 1)]),

([( ( ) / ) 1,( ( ) / ) 1)], [( ( ) / ) 1,( ( ) / ) 1)],

,[ ( ) / ) 1,( ( ) / ) 1)

r r

A A A

A A A A

s s

A A

y y y

y y y y

y y

     

       

   

+ − +

− + − +

− +

   

   

  ]) / , , }.y y U R + 

                   

Definition 2.4 [72] 

Let  ( ) , ( ) , ( ) / ;q r sL y y y y y U  =     be an MVINS. Then,   

1 1 1

1 1 1 1
( ) ( ) (2 ) (2 )

3 2 2 2l l m m n n

q r s

A A A A A A

l m n

s L
q r s

     − + − + − +

= = =

 
= + + − − + − − 

 
                      (1) 

is called the score function for L  where , ,l m n  are the numbers of multi-valued interval values in

( ), ( ), ( )q r sy y y   . 
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2.3. Soft Set 

Definition 2.5 [6] 

Let U  be an initial universe set and E  be a set of parameters. Consider .A E  Let ( )P U  denotes 

the power SS of .U  A pair ( , )L A  is called an SS over U  and the function L  is a mapping defined 

by : ( )L A P U→  such that ( ) ( )L y =  if .y U  

Here, ( )L   is called the approximate function of the soft set ( , ),L A  and the value ( ) ( )L y  is a set 

called x-element of the SS for all .y U  The sets can be random, empty, or have non-empty 

intersections.  

2.4. Multi-Valued Interval Neutrosophic Soft Set 

Definition 2.6 [73] 

The pair ( , )L A  is called an MVIN-SS over ( ),P U  where P  is a mapping given by : ( ).L A P U→  

( )P U  denotes the set of all MVIN-SS of  U  with parameters from A  and the function ( )L   is a 

mapping defined by 

: ( )L A P U→  such that ( ) ( )L y =  if .y U  

( , )L A  is characterized by 
( ) ( )

( ), ( )
L L

y y
 

   and 
( )

( )
L

y


  in the form of a subset of ]1,0[  and can 

be defined as follows: 

 ( ) ( ) ( )
( , ) ( ) , ( ) , ( ) / ; ,q r s

L L L
L A y y y y A y U

  
   =       

where 

1 1 2 2 1 1

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) [ ( ), ( )], [ ( ), ( )], , [ ( ), ( )], ( ) [ ( ), ( )],q q q r

L L L L L L L L L L
y y y y y y y y y y

         
         − + − + − + − += =

2 2

( ) ( ) ( ) ( )
[ ( ), ( )], , [ ( ), ( )]r r

L L L L
y y y y

   
   − + − + and 1 1 2 2

( ) ( ) ( ) ( ) ( )
( ) [ ( ), ( )],[ ( ), ( )],s

L L L L L
y y y y y

    
    − + − +=

( ) ( )
, [ ( ), ( )]s s

L L
y y

 
 − +  are the interval truth-membership sequence, interval indeterminacy-

membership sequence and interval falsity-membership sequence respectively that object y  holds 

on parameter .   

 

3. Aggregation Based on Multi-Valued Interval Neutrosophic Soft Set 

In this part, we introduce the aggregation based on MVIN-SS which are the multi-valued interval 

neutrosophic soft-weighted geometric average (MVINSWGA) and multi-valued interval 
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neutrosophic soft-weighted arithmetic average (MVINSWAA) operators to aggregate the attributes 

and alternatives respectively. 

We define the MVINSWGA and give proof of its properties. 

Definition 3.1  

Let  ( ) ( ) ( )
( , ) ( ) , ( ) , ( ) / y; ,q r s

L L L
L A y y y A y U

  
   =       be an MVIN-SS. A mapping 

: nMVINSWGA L L→  is called a multi-valued interval neutrosophic soft weighted geometric 

averaging (MVINSWGA) operator if it satisfies  

1 2( , , , )nMVINSWGA A A A =   

  

2 2

( ) ( ) ( ) ( )

1 1 1 1

( )

1 1

( ) ( )
1 1

, ( ( )) , ( ( )) , , ( ( )) , ( ( )) ,

1 (1

( ( )) , ( ( )) l l l ll l

q q q q

q q

L L L L

l l l l

L

q q

L L
l l

y y y yy y
   

   



 

 
   



  − + − +

= = = =

− +

= =

− −

      
            

    

1 1 2 2

( ) ( ) ( ) ( ) ( )

1 1 1 1 1 1

( )) , 1 (1 ( )) , 1 (1 ( )) , 1 (1 ( )) , , 1 (1 ( )) , 1 (1 ( )) ,

1 (1

m m m m m m

r r r r r r
r r

L L L L L

m m m m m m

y y y y y y
     

    
    



− + − + − +

= = = = = =

− − − − − − − − − −
      
            

− −

     

1 1 2 2

( ) ( ) ( ) ( ) ( ) ( )
1 1 1 1 1 1

( )) , 1 (1 ( )) , 1 (1 ( )) , 1 (1 ( )) , , 1 (1 ( )) , 1 (1 ( ))n n n n n n

s s s s s s
s s

L L L L L L
n n n n n n

y y y y y y
     

     
    − + − + − +

= = = = = =

      
− − − − − − − − − −      

      
     

(2) 

for all , .A y U     

Theorem 1  

Let  ( ) ( ) ( )
( , ) ( ) , ( ) , ( ) / ; ,q r s

L L L
L A y y y y A y U

  
   =       be an MVIN-SS. Then,  

(1) Idempotency 

If 
jL L=  for all 1, 2, , ,j t=  then 1 2( , , , ) .tMVINSWGA L L L L=  

(2) Monotonicity 

If *

j jL L  for all 1, 2, , ,j t=  then 

* * * *

1 2 1 2( , , , ) ( , , , ).t tMVINSWGA L L L MVINSWGA L L L  

(3) Boundedness 

1 2
1,2, ,t 1,2, ,
min { } ( , , , ) max { }j j j

j j q
L MVINSWGA L L L L

= =
  . 

Proof (1) Idempotency: 

Since 

)( (1 1 2 2 1 1

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
[ ( ), ( )], [ ( ), ( )], , [ ( ), ( )] , [ ( ), ( )],q q

j L L L L L L L L
L L y y y y y y y y

       
       − + − + − + − += =  

) (2 2 1 1 2 2

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
[ ( ), ( )], , [ ( ), ( )] , [ ( ), ( )], [ ( ), ( )],r r

L L L L L L L L
y y y y y y y y

       
       − + − + − + − +  

)( ) ( )
, [ ( ), ( )]s s

L L
y y

 
 − +  for all ,j   
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we have 
1

( ) ( ) j

t

j j

j

MVINSWGA L L




=

=  

( ) ( )

1 1

( )

1 1 2 2

( ) ( ) ( ) ( )
1 1 1 1

, , ( ( )) , ( ( )) ,

1 (1

( ( )) , ( ( )) , ( ( )) , ( ( )) l ll l l l

q q

q q

L L

l l

L

q q q q

L L L L
l l l l

y yy y y y  

 


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   
 



    − +
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− + − +
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− −

      
             

    

1 1 2 2

( ) ( ) ( ) ( ) ( )

1 1 1 1 1 1

( )) , 1 (1 ( )) , 1 (1 ( )) , 1 (1 ( )) , , 1 (1 ( )) , 1 (1 ( )) ,

1 (1

m m m m m m

r r r r r r
r r

L L L L L

m m m m m m

y y y y y y
     

    
    



− + − + − +

= = = = = =

− − − − − − − − − −
      
            

− −

     

2 2

( ) ( )

1 1

1 1

( ) ( ) ( ) ( )
1 1 1 1

, 1 (1 ( )) , 1 (1 ( )) , ,( )) , 1 (1 ( )) 1 (1 ( )) , 1 (1 ( ))n nn n n n

s s

L L

n n

s s s s
s s

L L L L
n n n n

y yy y y y
 

 

   

   
   − +

= =

− + − +

= = = =

− − − −
     

− − − − − −          
    
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q q q q q q
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L

y y y y y y
     

     
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      
      
      
            

− −

     

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y y y y y y

   

     

 

    


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        
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      
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       
      

     

 

Since 1, 1, 1,
q r s

l m n

l m n

  = = =    we have  

( )1 1 2 2

( ) ( ) ( ) ( ) ( ) ( )

1 1 2

( ) ( ) ( )

( ( )), ( ( )) , ( ( )), ( ( )) , , ( ( )), ( ( )) ,

1 (1 ( )), 1 (1 ( )) , 1 (1 ( )

q q
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y y y y y y

y y y
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(

2

( ) ( ) ( )
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( ) ( ) ( ) ( ) ( )

), 1 (1 ( )) , , 1 (1 ( )), 1 (1 ( )) ,
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r r

L L L
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y y y

y y y y

  

    

  

    
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− + − +
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   
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    )( )

( )), 1 (1 ( ))s

L
y y


− + − −

 

 

)( (1 1 2 2 1 1 2 2

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
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[ ( ), ( )], [ ( ), ( )], , [ ( ), ( )] , [ ( ), ( )], [ ( ), ( )],

, [ (

q q

L L L L L L L L L L

r

L

y y y y y y y y y y
         



         



− + − + − + − + − +

−


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( ) ( ) ( ) ( ) ( ) ( ) ( )
), ( )] [ ( ), ( )], [ ( ), ( )], , [ ( ), ( )],r s s

L L L L L L L
y y y y y y y y

      
      
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( ) ( ) ( )
( ), ( ), ( )l m n

L L L
y y y L

  
   =  which proves the Theorem 1 (1). 

Proof (2) Monotonicity: 

Since *

( ) ( )
( ) ( )l l

L L
y y

 
 − −  for all ,j  then we have  

*
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1 ( ) 1 ( )l l

L L
y y

 
 − − −  −  
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1

*
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q
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l
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
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
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−

=
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 
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Since *
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( ) ( )m m

L L
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 
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*
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 − − −  −  



Neutrosophic Sets and Systems, Vol. 97, 2026     669  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

*

( ) ( )
(1 ( )) (1 ( ))

r r
m m

L L
m m

y y
 

 − − −  −   

*

( ) ( )
1 (1 ( )) 1 (1 ( ))

r r
m m

L L
m m

y y
 

 − − − −  − −   

Since *

( ) ( )
( ) ( )m m

L L
y y

 
 + +  for all ,j  then we have  

*

( ) ( )
1 ( ) 1 ( )m m

L L
y y

 
 + + −  −  

*

( ) ( )
(1 ( )) (1 ( ))

r r
m m

L L
m m

y y
 

 + + −  −   

*

( ) ( )
1 (1 ( )) 1 (1 ( ))

r r
m m

L L
m m

y y
 

 + + − −  − −   

Since *

( ) ( )
( ) ( )n n

L L
y y

 
 − −  for all ,j  then we have  

*

( ) ( )
1 ( ) 1 ( )n n

L L
y y

 
 − − −  −  

*

( ) ( )
(1 ( )) (1 ( ))

r r
n n

L L
m m

y y
 

 − − −  −   

*

( ) ( )
1 (1 ( )) 1 (1 ( ))

r r
n n

L L
m m

y y
 

 − − − −  − −   

Since *

( ) ( )
( ) ( )n n

L L
y y

 
 + +  for all ,j  then we have  

*

( ) ( )
1 ( ) 1 ( )n n

L L
y y

 
 + + −  −  

*

( ) ( )
(1 ( )) (1 ( ))

r r
n n

L L
m m

y y
 

 + + −  −   

*

( ) ( )
1 (1 ( )) 1 (1 ( ))

r r
n n

L L
m m

y y
 

 + + − −  − −   

In the proof above, we have * * * *

1 2 1 2( , , , ) ( , , , )t tMVINSWGA L L L MVINSWGA L L L  which proves 

the Theorem 1 (2). 

Proof (3) Boundedness: 

Based on Property 1, we can get 

1,2,.., 1,2,.., 1,2,.., 1,2,..,

(min{ }, min{ }, , min{ }) min{ }.j j j j

j t j t j t j t

MVINSWGA L L L L
= = = =

=  

1,2,.., 1,2,.., 1,2,.., 1,2,..,

(max{ }, max{ }, , max{ }) max{ }.j j j j

j t j t j t j t

MVINSWGA L L L L
= = = =

=  

Since 
1,2,.., 1,2,..,

min{ } max{ },j j j

j t j t

L L L
= =

   then, based on Property 2, we have 

1 2

1,2,.., 1,2,..,

min{ } ( , , , ) max{ }j j j

j t j t

L MVINSWGA L L L L
= =

   which proves the Theorem 1 (3). 
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We will next define the MVINSWAA and provide proof of its properties. 

Definition 3.2 

Let  ( ) ( ) ( )
( , ) ( ) , ( ) , ( ) / y; ,l m n

L L L
L A y y y A y U

  
   =       be an MVIN-SS. A mapping 

: nMVINSWAA L L→  is called a multi-valued interval neutrosophic soft weighted arithmetic 

averaging (MVINSWAA) operator if it satisfies  
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for all , .A y U     

Theorem 2  

Let  ( ) ( ) ( )
( , ) ( ) , ( ) , ( ) / y; ,l m n

L L L
L A y y y A y U

  
   =       be an MVIN-SS. Then,  

1. Idempotency 

If 
jL L=  for all 1, 2, , ,j t=  then 1 2( , , , ) .tMVINSWAA L L L L=  

2. Monotonicity 

If *

j jL L  for all 1, 2, , ,j t=  then 

* * * *

1 2 1 2( , , , ) ( , , , ).t tMVINSWAA L L L MVINSWAA L L L  

3. Boundedness 

1 2
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j j
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= =
   

Proof (1) Idempotency: 
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 − +  for all ,j   



Neutrosophic Sets and Systems, Vol. 97, 2026     671  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

we have 
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4. MCDM Method Based on The MVINSWGA and MVINSWAA Operators 

In this section, we apply the MVINSWAA and MVINSWGA operators to solve MCDM problem 

under MVIN-SS environment. Some adaptations from [79] are made to meet this purpose.  Let 

1 2{ , , , }nU   =  be a set of alternatives and ( , )P A  be a set of parameters where 

1 2{ , , , }mA   = . The general procedure for MCDM method based on MVINSWGA and 

MVINSWAA operators is constructed in Figure 1:  

 

 

  

 

 

 

 

 

 

 

Figure 1 The general procedure for MCDM method based on MVINSWGA and MVINSAA operators 
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5. Illustrative Example 

This section provides an example of a software selection problem which adapted from [83], 

in which MCDM problem consists of MVINS environment. The proposed set is applied to a decision-

making approach in order to illustrate its effectiveness and feasibility.     

Suppose that an investment company wants to choose the best software. Let 1 2 3 4 5{ , , , , }U     =  

be the universe set consisting of five software systems (alternatives). There are three decision-makers 

1 2 3( , , )D D D  from different departments who are involved in obtaining their opinions and selecting 

best software. Let us consider the soft set ( , )P A  describes the “quality of software” where 

1{ (contribution to organization performance),A = =  

2 3 4(effort to transform from current system), (hardware/software investment cost), (out sourcing  = = =  

software developer reliability)}.  The weights of parameters are (0.15, 0.40, 0.35, 0.10) .T =  

Step 1: The standard decision matrix 
iD  is constructed and shown in Table 1.  

Table 1 Standard decision matrix, D  

 

 

1D  

U  1 contribution to organization performance =  2 effort to transform from current system =  

1  ([0.8, 0.9],[0.6, 0.9]), ([0.3, 0.6],[0.1, 0.5]), ([0.6, 0.8],[0.7, 0.8])   ([0.2, 0.5],[0.2, 0.5]), ([0.4, 0.7],[0.2, 0.7]), ([0.2, 0.5],[0.1, 0.7])  

2  ([0.2, 0.4],[0.5, 0.8]), ([0.2, 0.8],[0.5, 0.9]), ([0.1, 0.4],[0.1, 0.5])  ([0.4, 0.7],[0.4, 0.8]), ([0.6, 0.9],[0.1, 0.3]), ([0.6, 0.7],[0.2, 0.5])  

3  ([0.4, 0.7],[0.4, 0.8]), ([0.3, 0.6],[0.4, 0.6]), ([0.6, 0.9],[0.4, 0.7])  ([0.2, 0.8],[0.1, 0.4]), ([0.5, 0.7],[0.2, 0.6]), ([0.3, 0.6],[0.3, 0.6])  

4  ([0.1, 0.5],[0.2, 0.4]), ([0.2, 0.5],[0.2, 0.4]), ([0.3, 0.4],[0.6, 0.9])  ([0.5, 0.8],[0.3, 0.8]), ([0.1, 0.7],[0.2, 0.5]), ([0.7, 0.8],[0.4, 0.6])  

5  ([0.1, 0.7],[0.3, 0.4]), ([0.2, 0.5],[0.2, 0.7]), ([0.2, 0.3],[0.6, 0.9])  ([0.1, 0.2],[0.5, 0.7]), ([0.2, 0.5],[0.2, 0.5]), ([0.4, 0.7],[0.4, 0.8])  

1D  

U  3 hardware/software investment cost =  4 outsourcing software developer reliability =  

1  ([0.2, 0.5],[0.6, 0.9]), ([0.1, 0.3],[0.2, 0.6]), ([0.4, 0.7],[0.4, 0.6])  ([0.4, 0.6],[0.5, 0.8]), ([0.2, 0.4],[0.1, 0.4]), ([0.5, 0.8],[0.5, 0.7])  

2  ([0.5, 0.8],[0.2, 0.7]), ([0.5, 0.8],[0.7, 0.9]), ([0.4, 0.7],[0.3, 0.5])  ([0.2, 0.3],[0.5, 0.7]), ([0.6, 0.8],[0.3, 0.6]), ([0.2, 0.6],[0.6, 0.9])  

3  ([0.3, 0.5],[0.2, 0.5]), ([0.5, 0.9],[0.3, 0.7]), ([0.7, 0.9],[0.7, 0.8])  ([0.7, 0.9],[0.6, 0.9]), ([0.4, 0.6],[0.4, 0.5]), ([0.2, 0.3],[0.1, 0.3])  

4  ([0.2, 0.5],[0.2, 0.6]), ([0.3, 0.5],[0.3, 0.7]), ([0.5, 0.9],[0.7, 0.9])  ([0.2, 0.6],[0.1, 0.5]), ([0.1, 0.4],[0.5, 0.8]), ([0.6, 0.7],[0.1, 0.3])  

5  ([0.6, 0.9],[0.2, 0.4]), ([0.1, 0.4],[0.5, 0.7]), ([0.2, 0.5],[0.3, 0.7])  ([0.4, 0.5],[0.2, 0.5]), ([0.1, 0.5],[0.6, 0.8]), ([0.4, 0.9],[0.2, 0.6])  
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2D  

U  1 contribution to organization performance =  
2 effort to transform from current system =  

1  ([0.4, 0.7],[0.2, 0.5]), ([0.8, 0.9],[0.2, 0.6]), ([0.7, 0.9],[0.4, 0.7])  ([0.2, 0.5],[0.2, 0.6]), ([0.4, 0.8],[0.2, 0.7]), ([0.1, 0.5],[0.8, 0.9])  

2  ([0.3, 0.6],[0.2, 0.5]), ([0.7, 0.9],[0.4, 0.6]), ([0.6, 0.9],[0.1, 0.3])  ([0.2, 0.6],[0.6, 0.8]), ([0.1, 0.4],[0.2, 0.5]), ([0.3, 0.6],[0.7, 0.9])  

3  ([0.2, 0.5],[0.3, 0.5]), ([0.5, 0.7],[0.8, 0.9]), ([0.4, 0.7],[0.1, 0.4])  ([0.1, 0.5],[0.2, 0.6]), ([0.2, 0.4],[0.5, 0.8]), ([0.1, 0.4],[0.7, 0.9])  

4  ([0.4, 0.6],[0.3, 0.7]), ([0.5, 0.9],[0.1, 0.4]), ([0.2, 0.6],[0.3, 0.4])  ([0.2, 0.4],[0.1, 0.5]), ([0.5, 0.7],[0.1, 0.4]), ([0.6, 0.9],[0.1, 0.4])  

5  ([0.2, 0.4],[0.1, 0.5]), ([0.4, 0.8],[0.6, 0.9]), ([0.4, 0.8],[0.4, 0.6])  ([0.1, 0.5],[0.2, 0.5]), ([0.6, 0.9],[0.3, 0.7]), ([0.3, 0.8],[0.6, 0.9])  

2D  

U  3 hardware/software investment cost =  
4 outsourcing software developer reliability =  

1  ([0.3, 0.7],[0.1, 0.4]), ([0.2, 0.6],[0.2, 0.5]), ([0.4, 0.7],[0.3, 0.6])  ([0.5, 0.7],[0.3, 0.7]), ([0.4, 0.8],[0.2, 0.7]), ([0.4, 0.7],[0.5, 0.9])  

2  ([0.4, 0.6],[0.2, 0.5]), ([0.7, 0.9],[0.3, 0.6]), ([0.2, 0.5],[0.8, 0.9])  ([0.6, 0.7],[0.2, 0.5]), ([0.5, 0.8],[0.1, 0.4]), ([0.1, 0.6],[0.5, 0.8])  

3  ([0.1, 0.4],[0.2, 0.6]), ([0.1, 0.5],[0.8, 0.9]), ([0.5, 0.9],[0.4, 0.9])  ([0.1, 0.6],[0.5, 0.8]), ([0.1, 0.4],[0.8, 0.9]), ([0.5, 0.7],[0.7, 0.8])  

4  ([0.1, 0.4],[0.5, 0.7]), ([0.2, 0.4],[0.6, 0.8]), ([0.6, 0.9],[0.3, 0.6])  ([0.3, 0.5],[0.2, 0.5]), ([0.2, 0.4],[0.6, 0.9]), ([0.3, 0.5],[0.1, 0.4])  

5  ([0.4, 0.7],[0.1, 0.5]), ([0.2, 0.7],[0.7, 0.9]), ([0.2, 0.7],[0.2, 0.7])  ([0.2, 0.6],[0.2, 0.6]), ([0.4, 0.7],[0.2, 0.6]), ([0.7, 0.9],[0.1, 0.4])  

3D  

U  1 contribution to organization performance =  2 effort to transform from current system =  

1  ([0.1, 0.4],[0.2, 0.7]), ([0.2, 0.7],[0.5, 0.8]), ([0.2, 0.7],[0.3, 0.6])  ([0.7, 0.9],[0.2, 0.5]), ([0.4, 0.7],[0.5, 0.7]), ([0.8, 0.9],[0.2, 0.5])  

2  ([0.2, 0.5],[0.3, 0.8]), ([0.4, 0.8],[0.2, 0.7]), ([0.1, 0.7],[0.2, 0.4])  ([0.7, 0.9],[0.1, 0.4]), ([0.4, 0.7],[0.3, 0.5]), ([0.8, 0.9],[0.2, 0.4])  

3  ([0.3, 0.4],[0.1, 0.7]), ([0.4, 0.5],[0.3, 0.5]), ([0.7, 0.9],[0.2, 0.5])  ([0.5, 0.7],[0.3, 0.5]), ([0.3, 0.6],[0.1, 0.4]), ([0.6, 0.9],[0.7, 0.9])  

4  ([0.2, 0.4],[0.1, 0.5]), ([0.3, 0.7],[0.3, 0.6]), ([0.3, 0.7],[0.4, 0.8])  ([0.6, 0.9],[0.2, 0.6]), ([0.3, 0.8],[0.4, 0.8]), ([0.3, 0.7],[0.1, 0.3])  

5  ([0.3, 0.7],[0.3, 0.6]), ([0.1, 0.4],[0.2, 0.8]), ([0.1, 0.4],[0.2, 0.6])  ([0.4, 0.7],[0.2, 0.5]), ([0.1, 0.7],[0.2, 0.5]), ([0.5, 0.9],[0.2, 0.7])  

3D  

U  3 hardware/software investment cost =  4 outsourcing software developer reliability =  

1  ([0.1, 0.3],[0.4, 0.7]), ([0.2, 0.6],[0.2, 0.4]), ([0.1, 0.8],[0.6, 0.8])  ([0.2, 0.6],[0.2, 0.5]), ([0.3, 0.5],[0.2, 0.4]), ([0.7, 0.9],[0.2, 0.6])  

2  ([0.5, 0.8],[0.5, 0.8]), ([0.3, 0.6],[0.4, 0.7]), ([0.3, 0.6],[0.4, 0.7])  ([0.3, 0.7],[0.1, 0.4]), ([0.6, 0.8],[0.3, 0.7]), ([0.2, 0.6],[0.4, 0.8])  

3  ([0.3, 0.6],[0.4, 0.7]), ([0.3, 0.7],[0.3, 0.7]), ([0.8, 0.9],[0.5, 0.8])  ([0.2, 0.7],[0.2, 0.6]), ([0.4, 0.7],[0.5, 0.9]), ([0.7, 0.8],[0.4, 0.8])  

4  ([0.3, 0.5],[0.6, 0.8]), ([0.1, 0.4],[0.2, 0.6]), ([0.3, 0.6],[0.4, 0.7])  ([0.7, 0.9],[0.3, 0.6]), ([0.4, 0.7],[0.4, 0.7]), ([0.1, 0.5],[0.7, 0.9])  

5  ([0.6, 0.9],[0.3, 0.6]), ([0.7, 0.8],[0.2, 0.6]), ([0.4, 0.7],[0.8, 0.9])  ([0.4, 0.7],[0.4, 0.5]), ([0.6, 0.7],[0.2, 0.5]), ([0.1, 0.3],[0.4, 0.5])  
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Step 2: Aggregate the attributes and alternatives using MVINSWGA and MVINSWAA operator. 

By applying the equation in Definition 3.1, the aggregated attributes are presented in Table 2. 

Table 2 Aggregated Attributes 

 

 

Refer to the equation in Definition 3.2, the aggregated alternatives are given in Table 3.  

Table 3 Aggregated Alternatives 

 

 

 

 

 

  

D  

U  1 contribution to organization performance =  
2 effort to transform from current system =  

1  ([0.18, 0.50], [0.15, 0.56]), ([0.67, 0.89], [0.40, 0.80]), ([0.69, 0.92], [0.65, 0.85])  ([0.17, 0.47], [0.09, 0.39]), ([0.54, 0.87], [0.43, 0.84]), ([0.62, 0.84], [0.62, 0.88])  

2  ([0.11, 0.35], [0.17, 0.57]), ([0.62, 0.94], [0.51, 0.89]), ([0.43, 0.87], [0.20, 0.54])  ([0.24, 0.61], [0.15, 0.51]), ([0.541, 0.87], [0.29, 0.58]), ([0.76, 0.89], [0.56, 0.83])  

3  ([0.15, 0.37], [0.11, 0.53]), ([0.54, 0.76], [0.71, 0.86]), ([0.73, 0.95], [0.34, 0.70])  ([0.10, 0.53], [0.08, 0.35]), ([0.47, 0.73], [0.40, 0.78]), ([0.50, 0.85], [0.75, 0.94])  

4  ([0.09, 0.35], [0.08, 0.37]), ([0.47, 0.88], [0.29, 0.62]), ([0.37, 0.73], [0.59, 0.89])  ([0.24, 0.54], [0.08, 0.49]), ([0.44, 0.87], [0.34, 0.76]), ([0.71, 0.92], [0.30, 0.59])  

5  ([0.08, 0.44], [0.09, 0.35]), ([0.34, 0.76], [0.49, 0.92]), ([0.34, 0.71], [0.56, 0.87])  ([0.06, 0.35], [0.14, 0.42]), ([0.46, 0.88], [0.33, 0.73]), ([0.54, 0.92], [0.56, 0.92])  

D  

U  3 hardware/software investment cost =  
4 outsourcing software developer reliability =  

1  ([0.08, 0.32], [0.15, 0.50]), ([0.24, 0.67], [0.28, 0.65]), ([0.43, 0.87], [0.59, 0.82])  ([0.20, 0.50], [0.17, 0.53]), ([0.42, 0.76], [0.24, 0.67]), ([0.70, 0.92], [0.55, 0.89])  

2  ([0.32, 0.62], [0.14, 0.53]), ([0.68, 0.91], [0.65, 0.89]), ([0.42, 0.76], [0.71, 0.88])  ([0.19, 0.38], [0.10, 0.37]), ([0.72, 0.91], [0.34, 0.73]), ([0.24, 0.75], [0.65, 0.94])  

3  ([0.09, 0.35], [0.13, 0.46]), ([0.44, 0.88], [0.69, 0.91]), ([0.83, 0.97], [0.70, 0.94])  ([0.12, 0.61], [0.24, 0.66]), ([0.43, 0.73], [0.76, 0.93]), ([0.65, 0.80], [0.60, 0.83])  

 4  ([0.08, 0.32], [0.24, 0.58]), ([0.29, 0.58], [0.53, 0.85]), ([0.63, 0.94], [0.65, 0.89])  ([0.20, 0.52], [0.08, 0.39]), ([0.34, 0.67], [0.65, 0.92]), ([0.50, 0.73], [0.51, 0.80])  

 5  ([0.38, 0.75], [0.08, 0.35]), ([0.54, 0.81], [0.65, 0.89]), ([0.38, 0.79], [0.67, 0.91])  ([0.18, 0.46], [0.13, 0.39]), ([0.54, 0.79], [0.49, 0.80]), ([0.60, 0.92], [0.34, 0.65])  

U  Aggregated Matrix 

1  ([0.29, 0.70], [0.27, 0.75]), ([0.19, 0.62], [0.11, 0.54]), ([0.36, 0.79], [0.36, 0.74])  

2  ([0.39, 0.76], [0.27, 0.75]), ([0.40, 0.82], [0.18, 0.58]), ([0.18, 0.66], [0.23, 0.61])  

3  ([0.22, 0.73], [0.26, 0.76]), ([0.22, 0.60], [0.38, 0.75]), ([0.44, 0.78], [0.33, 0.72])  

4  ([0.29, 0.68], [0.23, 0.71]), ([0.14, 0.54], [0.18, 0.60]), ([0.29, 0.68], [0.24, 0.61])  

5  ([0.34, 0.77], [0.21, 0.61]), ([0.21, 0.65], [0.23, 0.69]), ([0.21, 0.69], [0.27, 0.69])  
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Step 3: The multi-valued interval neutrosophic reference for positive-ideal solution (MVINRPIS, A + ) 

and negative-ideal solution (MVINRNIS, A − ) are identified respectively. 

The A +  and A −  are determined as follows: 

( )[1, 1], [1, 1],[0, 0], [0, 0], [0, 0], [0, 0]A+ =    

( )[0, 0], [0, 0], [1, 1], [1, 1], [1, 1], [1, 1]A− =  

The Euclidean distance of each alternative from A +  and A −  is calculated by using eqn (4) and (5) 

as presented in Table 4. 

Table 4 The distance of each alternative from A +  and A −  

Alternatives d +  d −  

1  0.5279 0.5734 

2  0.5098 0.5873 

3  0.5650 0.5269 

4  0.4969 0.5932 

5  0.5273 0.5705 

 

Then, the closeness coefficient for each alternative is calculated by using eqn (6) as shown in Table 5. 

Table 5 The closeness coefficients of each alternative 

Alternatives nCC  Ranking 

1  0.5207 3 

2  0.5353 2 

3  0.4825 5 

4  0.5442 1 

5  0.5197 4 

 

Step 4: According to the value of closeness coefficient in Table 5, we can rank the alternatives in 

descending order as 

4 2 1 5 3      

where the symbol " "  refers to ‘superior to’. So, it can be concluded that 4  is the best alternative. 

With similar computation, the value of score function (from eqn 1) is calculated and presented in 

Table 6. 
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Table 6 The score function of each alternative 

Alternatives 
Score 

Function 
Ranking 

1  0.5251 3 

2  0.5418 2 

3  0.4794 5 

4  0.5522 1 

5  0.5237 4 

It can be seen that the highest value of closeness coefficient is 0.5442 and the highest value of score 

function is 0.5522 (see Table 5 and Table 6 respectively). This obviously shows that 
4  is the best 

alternative. 

 

Figure 2 Graphical comparison of alternatives based on closeness coefficient and score function. 

 

The alternatives can be ranked as 4 2 1 5 3      according to the score function 

value. Figure 2 presents a line chart comparing the closeness coefficients and score function values of 

each alternative. As observed, Alternative 
4  has the highest values in both metrics, confirming it 

as the best option. This graphical representation facilitates an intuitive understanding of the ranking 

consistency across different evaluation measures. Not only the best choice, in fact, the order of 

preference of the proposed aggregation method under MVIN-SS information either using score 

function or closeness coefficient is consistent. 

0.44
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Graphical comparison of alternatives based on closeness 
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6. Comparative Analysis 

By adopting the same case study of software selection problems, a comparative analysis with 

other methods is conducted to validate the efficacy and feasibility of the proposed decision-making 

approach based on MVINSWGA and MVINSWAA operators. The comparisons between the 

proposed methods with the existing methods are shown in Table 7. 

Table 7 The comparison with the existing methods 

Set 
Aggregation 

Operator 
Weight 

Measurement 

Function  
Ranking Order 

Consideration 

of , ,    

Triangular 

intuitionistic 

fuzzy set [77] 

TIFOWG ✓  Score function 4 1 5 2 3        

Trapezoidal 

intuitionistic 

fuzzy set [76] 

TIFPWA 

TIFPWG 

✓  

✓  

Score function 

Score function 

4 1 2 5 3      

4 1 2 5 3      
  

  

Trapezoidal 

neutrosophic 

set [83] 

TNNWAA 

TNNWGA 

✓  

✓  

Score function 

Score function 

4 1 5 2 3    

4 1 5 2 3      
✓  

✓  

MVIN-SS 

(Proposed set) 

MVINSWAA 

& 

MVINSWGA 

✓  
Euclidean 

Distance 
4 2 1 5 3      ✓  

MVINSWAA 

& 

MVINSWGA 

✓  Score function 4 2 1 5 3      ✓  

 

It can be seen that there are different types of sets and aggregation operators used in order 

to obtain the final ranking order. As a result of the comparative study described above, two issues 

may be considered. First, the proposed method yields a different outcome than the current 

aggregation operators, which took into account different types of sets. Although multiple aggregation 
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operators may be employed to handle the various relationships of the aggregated arguments, the 

number of operations and the size of the results will grow exponentially as more MVINSNs are 

engaged in the processes. Furthermore, various aggregating operators might produce disparate 

outcomes. These might be because the proposed operators consider truth, indeterminacy, and falsity 

memberships of the new set MVIN-SS while proposing geometric and arithmetic based aggregation 

operators. The deterioration brought on by these difficulties may limit the performance of 

aggregation operators. One of the shortcomings with the existing method is that the truth, 

indeterminacy, and falsity memberships were not considered. For example, Wang [77] used TIFOWG 

operator and score function using intuitionistic fuzzy set. However, the truth, indeterminacy, and 

falsity are not present as the author used triangular intuitionistic fuzzy set. The ranking order 

generated by using a triangular intuitionistic fuzzy set is comparable to the other sets. Second, it is 

also worth noting that some aggregation operators employed score functions without taking into 

consideration the three memberships, whereas the proposed aggregation operators used score 

function and Euclidean distance in measurement. More importantly, the proposed operators consider 

the truth, indeterminacy, and falsity memberships of MVIN-SS of which the intervals of three 

memberships are the distinct feature of the proposed operators and can handle uncertain and 

indeterminacy information especially when the assessments provided by decision-makers are given 

in multiple values, interval scale, and bifurcated.  

However, the proposed approach using MVIN-SS varies from existing methods, which always entail 

operations whose influence on the final solution may be regarded as previously indicated, since the 

proposed method may overcome these drawbacks. It is possible to avoid loss and distortion of the 

given preference information, which improves the final findings' correspondence with genuine 

decision-making issues. Furthermore, the proposed method is favoured for solving issues when the 

number of criteria observably surpasses the number of alternatives. As a result, the proposed method 

can successfully deal with the preference information presented by MVIN-SS, which is meant to 

ensure the validity of the final rankings. In other words, the proposed method can deal with 

information that is characterized by fuzziness, indeterminacy, and uncertainty, thereby germane to 

solve complex MCDM problems. 
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7. Conclusions  

In this paper, two novel aggregation operators—MVINSWAA and MVINSWGA—were 

proposed within the multi-valued interval neutrosophic soft set (MVIN-SS) framework to facilitate 

more robust multi-criteria group decision-making (MCGDM). Theoretical validation of these 

operators was established via proofs of idempotency, monotonicity, and boundedness. A structured 

decision-making procedure and a software selection case study demonstrated the practical 

applicability and consistency of the proposed methods. Comparative analysis further confirmed the 

superiority of our approach in handling uncertainty, indeterminacy, and multi-valued information. 

Future research could explore several directions. First, the introduced aggregation operators can be 

enhanced to handle dynamic or time-dependent decision-making environments, where evaluation 

criteria may evolve over time. Second, integration with machine learning techniques could enable 

automated weighting or ranking of alternatives based on historical data or user feedback. Third, 

future work could adapt the MVIN-SS framework for distributed decision-making systems, 

particularly in contexts involving autonomous agents or decentralized systems. Finally, applying the 

proposed methods to domain-specific applications such as healthcare diagnostics, environmental risk 

assessments, and smart city infrastructure planning would further validate their utility in real-world 

scenarios. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

[1] Zadeh, L. A., “Fuzzy sets,” Information and Control, vol. 8, pp. 338–353, 1965. 

[2] Gorzalzany, M. B., “A method of inference in approximate reasoning based on interval-valued 

fuzzy sets,” Fuzzy Sets and Systems, vol. 21, pp. 1–17, 1987. 

[3] Atanassov, K. T., “Intuitionistic fuzzy sets,” Fuzzy Sets and Systems, vol. 20, pp. 87–96, 1986. 

[4] Gau, W. L., and Buehrer, D. J., “Vague sets,” IEEE Transactions on Systems, Man, and Cybernetics, 

vol. 23, no. 2, pp. 610–614, 1993. 

[5] Pawlak, Z., “Rough sets,” International Journal Computational Information Sciences, vol. 11, pp. 

341–356, 1982. 

[6] Molodtsov, D., “Soft set theory first results,” An International Journal - computers & mathematics 

with applications, vol. 37, pp. 19–31, 1999. 

[7] McShane, E. J., “On Perron integration,” Bulletin of the American Mathematical Society, vol. 48, 

no. 10, pp. 718–727, 1942. 

[8] Kovkov, D. V., Kolbanov, V. M., and Molodtsov, D. A., “Soft sets theory-based optimization,” 

Journal of Computer and Systems Sciences International, vol. 46, no. 6, pp. 872–880, 2007. 

[9] Deli, I. and Çağman, N., “Fuzzy soft games,” Filomat, vol. 29, no. 9, pp. 1901–1917, 2015. 



Neutrosophic Sets and Systems, Vol. 97, 2026     682  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

[10] Deli, I. and Cagman, N., “Application of soft sets in decision making based on game theory,” 

Acting Strategically Using Drama Theory, pp. 65–93, 2015. 

[11] Acar, U., Koyuncu, F., and Tanay, B., “Soft sets and soft rings,” Computers and Mathematics with 

Applications, vol. 59, no. 11, pp. 3458–3463, 2010. 

[12] Aygünoǧlu, A. and Aygün, H., “Introduction to fuzzy soft groups,” Computers and Mathematics 

with Applications, vol. 58, no. 6, pp. 1279–1286, 2009. 

[13] Aktas, H. and Cagman, N., “Soft sets and soft groups,” Information Science (N Y), vol. 177, pp. 

2726–2735, 2007. 

[14] Jun, Y. B. and Ahn, S. S., “Applications of soft sets in BE-Algebras,” Algebra, vol. 2013, pp. 1–8, 

2013. 

[15] Jun, Y. B., “Soft BCK/BCI-Algebras,” Computers and Mathematics with Applications, vol. 178, no. 

11, pp. 2466–2475, 2008. 

[16] Cagman, N., Karatas, S., and Enginoglu, S., “Soft topology,” Computer and Mathematics with 

Applications, vol. 62, pp. 351–358, 2011. 

[17] Shabir, M. and Naz, M., “On soft topological spaces,” Computer and Mathematics with 

Applications, vol. 61, pp. 1786–1799, 2011. 

[18] Min, W. K., “A note on soft topological spaces,” Computer and Mathematics with Applications, 

vol. 62, pp. 3524–3528, 2011. 

[19] Ge, X. and Yang, S., “Investigations on some operations of soft sets,” World Academy of Science, 

Engineering and Technology, vol. 51, no. 3, pp. 1112–1115, 2011. 

[20] Zhu, P. and Wen, Q., “Operations on soft sets revisited,” Journal of Applied Mathematics, vol. 

2013, pp. 1–7, 2013. 

[21] Molodtsov, D., “The theory of soft sets,” URSS Publishers, Moscow, no. in Russian, 2004. 

[22] Ali, M. I., Feng, F., Liu, X., Keun, W., and Shabir, M., “On some new operations in soft set 

theory,” Computers and Mathematics with Applications, vol. 57, no. 9, pp. 1547–1553, 2009. 

[23] Yuksel, S., Dizman, T., Yildizdan, G., and Sert, U., “Application of soft sets to diagnose the 

prostate cancer risk,” Journal of Inequalities and Applications, vol. 2013, no. 229, pp. 1–11, 2013. 

[24] Tao, Z., Chen, H., Zhou, L., and Liu, J., “2-Tuple linguistic soft set and its application to group 

decision making,” Soft computing, vol. 19, no. 5, pp. 1201–1213, 2015. 

[25] Kharal, A., “Distance and similarity measures for soft sets,” New Mathematics and Natural 

Computation, vol. 06, no. 03, pp. 321–334, 2010. 

[26] Maji, P. K. and Roy, A. R., “An application of soft sets in a decision-making problem,” 

Computers and Mathematics with Applications, vol. 1221, no. 02, pp. 1077–1083, 2002. 

[27] Cagman, N. and Enginog, S., “Soft set theory and uni–int decision making,” European Journal 

of Operational Research, vol. 207, pp. 848–855, 2010. 

[28] Çaǧman, N. and I. Deli, “Means of FP-soft sets and their applications,” Hacettepe Journal of 

Mathematics and Statistics, vol. 41, no. 5, pp. 615–625, 2012. 

[29] Roy, A. R. and Maji, P. K., “A fuzzy soft set theoretic approach to decision making problems,” 

Journal of Computational and Applied Mathematics, vol. 203, pp. 412–418, 2007. 

[30] Xu, Z., Chen, C., and Yang, Y., “Generalized fuzzy soft power Bonferroni mean operators and 

their application in decision making,” Symmetry (Basel), vol. 13, no. 5, p. 810, 2021. 



Neutrosophic Sets and Systems, Vol. 97, 2026     683  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

[31] Jana, C., Pal, M., and Wang, J., “A robust aggregation operator for multi-criteria decision-

making method with bipolar fuzzy soft environment,” Iranian Journal of Fuzzy Systems, vol. 16, 

no. 6, pp. 1–16, 2019. 

[32] Chen, W. and Zou, Y., “Group decision making under generalized fuzzy soft sets and limited 

cognition of decision makers,” Engineering Applications of Artificial Intelligence, vol. 87, no. 

November 2019, p. 103344, 2020. 

[33] Li, H. and Xiong, S., “Time-varying weight coefficients determination based on fuzzy soft set 

in combined prediction model for travel time,” Expert Systems With Applications, vol. 189, no. 

September 2021, p. 115998, 2022. 

[34] Biswas, B., Ghosh, S. K., Bhattacharyya, S., Platos, J., Snasel, V., and Chakrabarti, A., “Chest X-

ray enhancement to interpret pneumonia malformation based on fuzzy soft set and Dempster–

Shafer theory of evidence,” Applied Soft Computing Journal, vol. 86, p. 105889, 2020. 

[35] Kalayathankal, S. J. and Suresh, G. S., “A fuzzy soft flood alarm mode,” Mathematics and 

Computers in Simulation, vol. 80, no. 5, pp. 887–893, 2010. 

[36] Maji, P. K., Roy, A. R., and Biswas, R., “Intuitionistic fuzzy soft sets,” Journal of Fuzzy 

Mathematics, vol. 9, no. 3, pp. 677–692, 2001. 

[37] Enginoğlu, S., Karaaslan, F., and Memiş, S., “A new approach to group decision-making 

method based on TOPSIS under fuzzy soft environment,” Journal of New Results in Science, vol. 

8, no. 2, pp. 42–52, 2019. 

[38] Garg, H. and Arora, R., “Bonferroni mean aggregation operators under intuitionistic fuzzy soft 

set environment and their applications to decision-making,” Journal of the Operational Research 

Society, vol. 69, no. 11, pp. 1711–1724, 2018. 

[39] Enginoǧlu, S. and Arslan, B., “Intuitionistic fuzzy parameterized intuitionistic fuzzy soft 

matrices and their application in decision-making,” Computational and Applied Mathematics, vol. 

39, no. 4, 2020. 

[40] Zindani, D., Maity, S. R., and Bhowmik, S., “Interval-valued intuitionistic fuzzy TODIM 

method based on Schweizer–Sklar power aggregation operators and their applications to 

group decision making”, Soft Computing, vol. 24, no. 18. pp. 14091–14133, 2020. 

[41] Biswas, B., Bhattacharyya, S., Chakrabarti, A., Dey, K. N., Platos, J., and Snasel, V., 

“Colonoscopy contrast-enhanced by intuitionistic fuzzy soft sets for polyp cancer localization,” 

Applied Soft Computing Journal, vol. 95, p. 106492, 2020. 

[42] Smarandache, F., “Neutrosophic set - A generalization of the intuitionistic fuzzy set,” 

International Journal of Pure and Applied Mathematics, vol. 24, no. 3, pp. 287–297, 2005. 

[43] Kamari, M. S. M., Rodzi, Z. M., and Kamis, N. H., “Pythagorean neutrosophic method based 

on the removal effects of criteria (PNMEREC): An innovative approach for establishing 

objective weights in multi-criteria decision-making challenges,” Malaysian Journal of 

Fundamental and Applied Sciences, vol. 21, no. 1, pp. 1678–1696, Jan. 2025. 

[44] Issaoui, I. and Selmi, A., “Boosting road damage detection via DEMATEL with bipolar 

neutrsophic dombi for intelligent smart city infrastructure,” International Journal of Neutrosophic 

Science (IJNS), vol. 25, no. 3, p. 94, 2025. 



Neutrosophic Sets and Systems, Vol. 97, 2026     684  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

[45] Nafei, A., Huang, C.-Y., Javadpour, A., Garg, H., Azizi, S. P., and Chen, S.-C., “Neutrosophic 

fuzzy decision-making using TOPSIS and autocratic methodology for machine selection in an 

industrial factory,” International Journal of Fuzzy Systems, vol. 26, pp. 860–886, 2024. 

[46] Rodzi, Z., Shafie, N. A., Abdul Razak, Al-Sharqi, N., F., Al-Quran, A., and A. Bany Awad, M. 

A., “Enhancing Digital Social Innovation Ecosystems: A Pythagorean Neutrosophic Bonferroni 

Mean (PNBM) -DEMATEL Analysis of Barriers Factors for Young Entrepreneurs,” International 

Journal of Neutrosophic Science, vol. 23, no. 4, pp. 170–180, 2024. 

[47] Rajalakshmi, R., Gayathri Lakshmi, M., Donganont, M., Raut, P. K., and Mohanty, B. S., 

“Application of complex neutrosophic sets to real-world decision-making problems,” 

Neutrosophic Sets and Systems, vol. 91, 2025. 

[48] Maji, P. K., “Neutrosophic soft set,” Annals of Fuzzy Mathematics and Informatics, vol. 5, no. 1, 

pp. 157–168, 2013. 

[49] Saqlain, M., Saeed, M., Sana, M., and Smarandache, F., “Aggregate operators of neutrosophic 

hypersoft set,” Neutrosophic Sets and Systems, vol. 32, pp. 294–306, 2020. 

[50] Manna, S., Basu, T. M., and Mondal, S. K., “A soft set based VIKOR approach for some 

decision-making problems under complex neutrosophic environment,” Engineering 

Applications of Artificial Intelligence, vol. 89, no. July 2019, p. 103432, 2020. 

[51] Guan, H., He, J., Guan, S., and Zhao, A., “Neutrosophic soft sets forecasting model for multi-

attribute time series,” IEEE Access, vol. 7, pp. 1–1, 2019. 

[52] Saeed, M., Saqlain, M., and Riaz, M., “Application of generalized fuzzy TOPSIS in decision 

making for neutrosophic soft set to predict the champion of FIFA 2018: A mathematical 

analysis,” Journal of Chemical Information and Modeling, vol. 51, no. 8, pp. 141–156, 2019. 

[53] Deli, I., “Interval-valued neutrosophic soft sets and its decision making,” International Journal 

of Machine Learning and Cybernetics, vol. 8, no. 2, pp. 665–676, Apr. 2014. 

[54] Wang, H., Smarandache, F., Zhang, Y.-Q., and Sunderraman, R., Interval Neutrosophic Sets and 

Logic: Theory and Applications in Computing. Neutrosophic Book Series. United States of 

America, no. 5, 2005. 

[55] Deli, I., Eraslan, S., and Çağman, N., “IVNPIV-Neutrosophic soft sets and their decision 

making based on similarity measure,” Neural Computing & Applications, vol. 29, no. 1, pp. 187–

203, 2018. 

[56] Deli, I., “Interval-valued neutrosophic soft sets and its decision making,” International Journal 

of Machine Learning and Cybernetics, vol. 8, no. 2, pp. 665–676, 2017. 

[57] Mukherjee, A., “Interval-valued neutrosophic soft sets,” Studies in Fuzziness and Soft Computing, 

vol. 324, pp. 89–109, 2015. 

[58] Wang, J. Q. and Li, X. E., “TODIM method with multi-valued neutrosophic sets,” Control 

Decision, vol. 30, no. 6, pp. 1139–1142, 2015. 

[59] Liu, P., Zhang, L., Liu, X., and Wang, P., “Multi-valued neutrosophic number Bonferroni mean 

operators with their applications in multiple attribute group decision making,” International 

Journal of Information Technology and Decision Making, vol. 15, no. 5, pp. 1181–1210, 2016. 

[60] Peng, J.-J., Wang, J.-Q., Wu, X.-H., Wang, J., and Chen, X.-H., “Multi-valued neutrosophic sets 

and power aggregation operators with their applications in multi-criteria group decision-



Neutrosophic Sets and Systems, Vol. 97, 2026     685  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

making problems,” International Journal of Computational Intelligence Systems, vol. 8, no. 2, pp. 

345–363, 2015. 

[61] Peng, J.-J., Wang, J.-Q., and Yang, W.-E., “A multi-valued neutrosophic qualitative flexible 

approach based on likelihood for multi-criteria decision-making problems,” International 

Journal of Systems Science, 2016. 

[62] Peng, J. and Wang, J., “Multi-valued neutrosophic sets and its application in multi-criteria 

decision-making problems,” Neutrosophic Sets and Systems, vol. 10, pp. 1–21, 2015. 

[63] Pramanik, S., Banerjee, D., and Giri, B. C., “TOPSIS approach for multi-attribute group 

decision-making in refined neutrosophic environment,” New Trends in Neutrosophic Theory and 

Applications, Brussels, European Union: Pons Editions, 2016. 

[64] Alkhazaleh, S., “N-valued refined neutrosophic soft set theory,” Journal of Intelligent and Fuzzy 

Systems, vol. 32, no. 6, pp. 4311–4318, 2016. 

[65] Khalil, A. M., Li, S. G., You, F., and Ma, S. Q., “More on ‘N-valued refined neutrosophic soft 

set theory,’” Journal of Intelligent and Fuzzy Systems, vol. 36, no. 3, pp. 2757–2763, 2019. 

[66] Alkhazaleh, S. and Hazaymeh, A. A., “N-valued refined neutrosophic soft sets and their 

applications in decision-making problems and medical diagnosis,” Journal of Artificial 

Intelligence and Soft Computing Research, vol. 8, no. 1, pp. 79–86, 2017. 

[67] Deli, I., Broumi, S., and Ali, M., “Neutrosophic soft multiset theory,” Italian Journal of Pure and 

Applied Mathematics, vol. 32, pp. 503–514, 2014. 

[68] Bakbak, D., Uluçay, V., and Şahin, M., “Neutrosophic soft expert multiset and their application 

to multiple criteria decision making,” Mathematics, vol. 7, no. 1, p. 50, 2019. 

[69] Broumi, S., Deli, I., and Smarandache, F., “N-valued interval neutrosophic sets and their 

application in medical diagnosis,” Critical Review, vol. 10, pp. 45–69, 2015. 

[70] Fan, C. and Ye, J., “The cosine measure of refined-single valued neutrosophic sets and refined-

interval neutrosophic sets for multiple attribute decision-making,” Journal of Intelligent and 

Fuzzy Systems, vol. 33, no. 4, pp. 2281–2289, 2017. 

[71] Samuel, A. E. and Narmadhagnanam, R., “Execution of n-valued interval neutrosophic sets in 

medical diagnosis,” International Journal of Mathematics Trends and Technology, vol. 58, no. 1, pp. 

66–70, 2018. 

[72] Yang, W. and Pang, Y., “New multiple attribute decision making method based on DEMATEL 

and TOPSIS for multi-valued interval neutrosophic sets,” Symmetry (Basel), vol. 10, no. 115, 

2018. 

[73] Mohd Kamal, N. L. A., Abdullah, L., Abdullah, I., Alkhazaleh, S., and Karaaslan, F., “Multi-

valued interval neutrosophic soft set: Formulation and theory,” Neutrosophic Sets and Systems, 

vol. 30, pp. 149–170, 2019. 

[74] Mesiar, R. and Spirkov, J., “Weighted means and weighting functions,” Kybernetika, vol. 42, no. 

2, pp. 151–160, 2006. 

[75] Ando, T., Li, C. K., and Mathias, R., “Geometric means,” Linear Algebra and its Applications, vol. 

385, no. 1–3, pp. 305–334, 2004. 



Neutrosophic Sets and Systems, Vol. 97, 2026     686  

 

Nor Liyana Amalini Mohd Kamal1*, Lazim Abdullah2, Ilyani Abdullah3, Vakkas Uluçay4, and Khalid Naeem5, Multi-

Valued Interval Neutrosophic Soft Sets and Their Aggregation Operators 

[76] Ye, J., “Prioritized aggregation operators of trapezoidal intuitionistic fuzzy sets and their 

application to multicriteria decision-making,” Neural Computing & Applications, vol. 25, no. 6, 

pp. 1447–1454, 2014. 

[77] Wang, Y., “An approach to software selection with triangular intuitionistic fuzzy information,” 

International Journal of Advanced Computer Technology, vol. 4, no. 2, pp. 284–290, 2012. 

[78] Awang, A., Aizam, N., and Abdullah, L., “An integrated decision-making method based on 

neutrosophic numbers for investigating factors of coastal erosion,” Symmetry (Basel), vol. 11, 

no. 3, p. 328, 2019. 

[79] Aiwu, Z., Jianguo, D., and Hongjun, G., “Interval valued neutrosophic sets and multi-attribute 

decision-making based on generalized weighted aggregation operator,” Journal of Intelligent & 

Fuzzy Systems, vol. 29, pp. 2697–2706, 2015. 

[80] Hussain, S. A. I., Mondal, S. P., and Mandal, U. K., “VIKOR method for decision making 

problems in interval valued neutrosophic environment,” Studies in Fuzziness and Soft 

Computing, vol. 369, 2019. 

[81] Zhang, H., Wang, J., and Chen, X., “Interval neutrosophic sets and their application in 

multicriteria decision making problems,” The Scientific World Journal, vol. 2014, pp. 1–15, Feb. 

2014. 

[82] Huang, Y. H., Wei, G. W., and Wei, C., “VIKOR method for interval neutrosophic multiple 

attribute group decision-making,” Information (Switzerland), vol. 8, no. 4, pp. 1–10, 2017. 

[83] Ye, J., “Trapezoidal neutrosophic set and its application to multiple attribute decision-

making,” Neural Computing & Applications, vol. 26, no. 5, pp. 1157–1166, 2014. 

[84] Khan, A., Abosuliman, S. S., Abdullah, S., and Ayaz, M., “A decision support model for hotel 

recommendation based on the online consumer reviews using logarithmic spherical hesitant 

fuzzy information,” Entropy, vol. 23, no. 432, pp. 1–28, 2021. 

[85] Gao, J., Guo, F., Ma, Z., Huang, X., and Li, X., “Multi-criteria group decision-making 

framework for offshore wind farm site selection based on the intuitionistic linguistic 

aggregation operators,” Energy, vol. 204, p. 117899, 2020. 

[86] Cagman, N., Enginoglu, S., and Citak, F., “Fuzzy soft set theory and its applications,” Iranian 

Journal of Fuzzy Systems, vol. 8, no. 3, pp. 137–147, 2011. 

[87] Jana, C. and Pal, M., “A robust single-valued neutrosophic soft aggregation operators in multi-

criteria decision making,” Symmetry (Basel), vol. 11, no. 1, 2019. 

 

 

 

Received: June 1, 2025. Accepted: Nov 14, 2025 

 


