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Abstract: Given the complexity of today’s world, we might need to work with numbers requiring 

multi-attribute functions, such as those having positive, neutral, and negative membership and 

those having truth, indeterminacy, and falsity membership. Adding these numbers together to get 

a single real number is the most important factor. In situations like this, decision-makers have 

more difficult choices and are unable to apply the single attribute function of the soft set 

theory. To address this constraint, the hyper-soft set theory with multi-attribute functions is 

introduced. We combine the notion of neutrosophic hypersoft set with picture fuzzy hypersoft set 

to form a single theory of neutrosophic picture hypersoft set in this study. We introduce the 

notions of correlation coefficient and weighted correlation coefficient and demonstrate its 

fundamental properties for neutrosophic picture hypersoft set. Then, we introduce the notions of a 

weighted average operator and a weighted geometric operator for neutrosophic picture hypersoft 

set by using the various aggregation operators with a suitable example. Making decisions based 

on several factors and choosing the best option is multi-criteria decision-making or MCDM. When 

ranking and choosing options based on a distance metric, one essential and useful strategy is the 

Technique of order preference by similarity to an ideal solution (TOPSIS). We demonstrate the 

accuracy of the fuzzy TOPSIS methodology by extending it to neutrosophic fuzzy TOPSIS and 

using neutrosophic picture hypersoft set theory to describe the MCDM problem in this study. We 

provide a generalized neutrosophic TOPSIS approach to demonstrate correlation coefficients and 

the effectiveness of this approach with an appropriate example. Finally, we offer a comparison to 

prior studies to demonstrate the viability of the proposed approach. 

Keywords: Picture fuzzy set, soft set, Hyper-soft set, Neutrosophic set. 

 

1. Introduction 

The subject of how to express worry in mathematical modelling has nevertheless received a lot 

of attention. Different techniques have been suggested and endorsed by numerous researchers from 

across the world to reduce ambiguity [1]. To cope with uncertain, ambiguous, and indefinite things, 

Molodtsov [2] has presented Soft Sets (SSs) as a practical statistical technique. By Maji et al. [3], SSs 

have been enlarged to include the idea of fuzzy soft sets (FSSs) and detailed the various operations 

and attributes of SSs [4]. Maji’s method of SSs has been modified by Ali et al. [5], who also used its 

features to create a few new operations. The idea of using soft matrices in operations has been 

introduced by Cagman and Enginoglu [6], who also have described their characteristics. They have 

also devised a decision-making (DM) strategy to tackle issues associated with uncertainty. 

Smarandache [7] has initially established a neutrosophic set (NS). A single-valued NS has been first 

used for the CC of IFS by Wang et al. [8]. NS has been extended into neutrosophic soft set (NSS) by 

Maji [9]. With certain operations and attributes, Broumi [10] has created a general NSS and applied 

it to DM problems. Cuong and Kreinovich [11] have extended the concepts of FS and IFS to form a 
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picture fuzzy set (PFS). None of the above research can help with the problems when different 

characteristics have associated sub-attributes. 

 

1.1. Literature Review 

Zadeh [12] 1965 initially introduced the concept of fuzzy sets (FSs) to address issues that 

include uncertainty and anxiety. Atanassov [13] has extended FSs into an intuitionistic fuzzy set 

(IFS). However, IFS’s theory is not able to address the issue of inconsistent data. To cope with 

uncertain, ambiguous, and indefinite things, Molodtsov [2] has presented soft sets (SSs) as a 

practical statistical technique. The introduction of the neutrosophic set (NS) concept, featuring the 

assignment of truth, indeterminacy, and falsity grades to individual set elements, has been made by 

Smarandache [7]. Maji et al. [3] have formulated fuzzy soft sets (FSSs) by integrating the principles 

of SSs and FSs. To address the limitations of NS, the introduction of the single-valued neutrosophic 

set (SVNS) with constrained membership values has been undertaken by Wang et al. [8]. Maji [9] 

has extended NS to a neutrosophic soft set (NSS). Cuong and Kreinovich [11] have further 

developed the concept of FS and IFS into a picture fuzzy set (PFS). Yang et al. [14] have proposed 

the combination of PFS and SS, resulting in a picture fuzzy soft set (PFSS). Hypersoft sets (HSSs) 

have been introduced by Smarandache [15] as a solution to the limitations of SSs. Jaber et al. [16] 

presented a generalized picture fuzzy soft set (GPFSS) by merging the concepts of PFSS and PFS in 

a hybrid mode to improve DM accuracy. Saqlain et al. [17] have built the aggregation operators for 

a neutrosophic hypersoft set (NHSS) and modified a DM approach for NHSS. Yolcu et al. [18, 19] 

have extended the notion of HS by introducing both a fuzzy hypersoft set (FHSS) and an 

intuitionistic fuzzy hypersoft set (IFHSS). Chinnadurai and Bobin [20] have extended the concept of 

HSS and have proposed a picture fuzzy hypersoft set (PFHSS) theory. 

A summary of the conceptual framework alongside the preceding structures is presented in Table 1 

below: 

Table 1:  Conceptual Framework Summary 

 

Sr. 

No. 

Proposed Structure Corresponding 

Authors 

Year of 

Publication 

Key Findings 

1 Fuzzy Set (FS) Zadeh 1965 Every element in the universal 

set is assigned a membership 

value within the range of 0 to 1. 

2 Intuitionistic Fuzzy 

Set (IFS) 

Atanassov 1986 It signifies the degree to which 

an element of a set either 

belongs or does not belong. 

3 Soft Set (SS) Molodtsov 1999 It handles uncertainty in a 

parametric way. 

4 Neutrosophic Set (NS) Smarandache 1999 Every element within the set is 

assessed based on its levels of 

truth, indeterminacy, and 

falsity. 

5 Fuzzy Soft Set (FSS) Maji et al. 2001 Every power set within the 

universal set has been assigned 

fuzzy values. 

6 Single-valued 

Neutrosophic Set 

(SVNS) 

Wang et al. 2010 It imposes specific limitations 

on membership values to 

address the limitations 

encountered in NS. 
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7 Neutrosophic Soft Set 

(NSS) 

Maji 2013 It combines SVNS with SS. 

8 Picture Fuzzy Set 

(PFS) 

Cuong et al. 2013 
An extension of FS and IFS. 

9 Picture Fuzzy Soft Set 

(PFSS) 

Yang et al. 2015 It combines PFS with SS and 

addresses the inconsistent 

problem of data. 

10 Hyper-soft Set (HSS) Smarandache 2018 It imposes specific constraints 

on membership values to 

address the limitations 

encountered in SS. 

11 Generalized Picture 

Fuzzy Soft Set 

(GPFSS) 

Jaber et al. 2019 Integrating PFSS and PFS in a 

hybrid mode involves 

incorporating additional data 

into the PFS output to enhance 

decision-making accuracy. 

12 Neutrosophic Hyper-

Soft Set (NHSS) 

Saqlain et al. 2020 It combines NS with HSS. 

13 Fuzzy Hyper-soft Set 

(FHSS) 

Yolcu et al. 2021 A fuzzy membership degree is 

assigned to each element in the 

power set. 

14 Intuitionistic Fuzzy 

Hyper-Soft Set 

(IFHSS) 

Yolcu et al. 2021 It combines IFS with HSS. 

15 Picture Fuzzy Hyper-

Soft Set (PFHSS) 

Chinnadurai 

and Bobin 

2021 Combination of PFSS and 

FHSS. 

 

1.2. Motivation 

The introduction of the concept of a simplified neutrosophic set (SNS) with various 

aggregation operators (AOs) was carried out by Ye [21] who introduced a DM approach based on 

the suggested AOs. Karaaslan [22] has defined Possibility NS and provided an NSS selection 

procedure to resolve those and-product-based uncertain issues. To deal with uncertainty, a function 

is changed into a multi-attribute function, Smarandache [15] has expanded the SSs to a hypersoft set 

(HSS) to overcome these formulations. To convert the fuzzily formatted neutrosophic number into 

the crisp form, Saqlain et al. [23] have modified a DM approach for the neutrosophic hypersoft set 

(NHSS). Chinnadurai and Bobin [20] have extended the concept of HSS and have proposed a 

picture fuzzy hypersoft set (PFHSS) theory. Zulqarnain et al. [24] have expanded on the idea of 

NHSS and provided specific methods for NHSS. Saqlain et al. [25] have expanded NHSS’s concept 

and offered an interval-valued neutrosophic hypersoft set (IVNHSS). An intuitionistic fuzzy 

hypersoft set (IFHSS) is being developed by Zulqarnain et al. [26] who established an approach also 

by generating a CC to overcome DM challenges. Rahman et al. [27] have introduced the 
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neutrosophic parameterized hypersoft set (NPHS) in DM problems. The HSS theory's foundational 

ideas have been researched by Saeed et al. [28]. Rahman et al. [29] have designed a model of NPHS 

under the environment of FS, IFS and NS. Ihsan et al. [30] have expanded a soft expert set to a 

hypersoft expert set to address DM issues. The IVNHSS's basic operations have been researched by 

Rana Muhammad Zulqarnain et al. [31]. Numerous additional studies have been performed in a 

neutrosophic environment, and their implications for daily life are discussed [32-54]. 

Today's practical applications can't be handled by a single attribute function like IFS or SS [55-

57]. Improved versions of SSs and new varieties of soft sets have been made available by 

Smarandache [58]. He has also established a novel interpretation of the super hyper soft set [59] and 

added a fuzzy extension to it [60]. Several additional studies have been conducted within a 

neutrosophic context, and various researchers delve into the implications these studies have for 

everyday life [61-65]. Applying the multi-attribute function in HSS, an extension of SS, allows it to 

get around this restriction. Additionally, HSS may be used for any DM issues without imposing any 

constraints on the characteristics used by the decision-makers (DMs). Data collection for DMs may 

be accomplished without information loss by merging HSS with other hybrid fuzzy structures. 

Positive, neutral, and negative evaluations all depend on one another in the picture fuzzy set (PFS), 

and their aggregate cannot be larger than one. The main reason for choosing the Hypersoft Set 

(HSS) is because a soft set's circumstances cannot manage scenarios where attributes are more than 

one and further divided. Therefore, it is important to create a new strategy to address these. Taking 

into account both the positive and negative aspects of each option, decision-making techniques aid 

specialists in choosing a suitable one. Drawing inspiration from the work of Chinnadurai and Bobin 

[20] who have combined the structures of PFS and HSS to create a theory named a "picture fuzzy 

hypersoft set" (PFHSS). Thus, this study’s main goal is to combine the structure of PFHSS with NS 

to formulate a new theory called neutrosophic picture hypersoft set (NPHSS). This study is limited 

to its theory and any related advancement. We illustrate the merits of the proposed theory using the 

instances.  

The paper is structured in the following manner: Section 2: This Section covers the key 

terminologies and concepts that have been used for this study. Section 3: The notion of NPHSS is 

established with a suitable example. Section 4: The notion of correlation-coefficient for NPHSS is 

introduced and its main characteristics are established. Section 5: The notion of weighted 

correlation-coefficient for NPHSS is presented and its main characteristics are established. Section 6: 

The notions of a weighted average operator as well as a weighted geometric operator for NPHSS by 

using the various AOs are presented with suitable examples. Section 7: An algorithm for addressing 

MCDM problems using NPHSS through the TOPSIS method and its applications in DM problems 

are highlighted in this Section. Section 8: This Section discusses the comparison study of the 

suggested notion. Section 9: The study presents the prospects of the proposed measure in another 

environment. 

2. Preliminaries 

In this Section, we introduce fundamental definitions pertinent to the subject, and we will 

consistently adhere to the specified notations unless explicitly stated otherwise.  
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Let us assume that U be the universal set and u ∈ U,  be the power set of U. 

Definition 2.1. A set  is known as a fuzzy set (FS) [12], where  

be the membership’s degree of u over U. 

Definition 2.2. A set  is known as an intuitionistic fuzzy set (IFS) [13], 

where  be the membership’s degree of u and  be the non-

membership degree of u such that , and  where 

 be the hesitancy’s degree of u. 

Definition 2.3. A set  is known as a picture fuzzy set (PFS) 

[11], where  be the values of positive membership, neutral 

membership and negative membership of u respectively, such that , and 

 where  be the refusal 

membership’s degree of u. 

Definition 2.4. An ordered pair of the form ( ) is known as a soft set (SS) [2], if ,  be 

a parameters’ set and  Here,  is known as an approximate function of SS such that 

 where  is known as an x-approximate value set which is made up of the 

parameter's associated objects  

Definition 2.5. An ordered pair of the form ( ) defines a fuzzy soft set (FSS) [3], if 

  be a set of all fuzzy subsets of U,  be a set of parameters and  Here, 

 where be a null FS. 

Definition 2.6. A set  is called a neutrosophic set (NS) [8], 

which  stands for truth-membership’s function,  stands for indeterminacy-membership’s 

function, and  stands for falsity-membership’s function such that 

 . The simplest way to 
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express an element in NS is to use a single-valued neutrosophic number (SVNN) as 

.  

Definition 2.7. An ordered pair of the form ( ) defines a neutrosophic soft set (NSS) [9, 10], if 

  be a collection of all the neutrosophic sets of U,  be a parameters’ set 

and  

Definition 2.8. If , be i distinct attributes, for all , with the corresponding attribute 

values are  respectively, such that  for  where . Then, 

an ordered pair  where  is said to be a hyper-soft set 

(HSS) [15] in U. 

Definition 2.9. If , be i distinct attributes, for all , with the corresponding attribute 

values are respectively , such that  for  where . Then, 

an ordered pair  is defined as a neutrosophic hyper-soft set (NHSS) [23] if there a relation 

exists  where and  be a set of all the 

neutrosophic subsets in U and  where  

stands for truth-membership function,  stands for indeterminacy-membership function, and  

stands for falsity-membership function such that  and 

. 

Remark: For two neutrosophic hypersoft subsets and in 𝑈,  is considered to be a 

neutrosophic hypersoft subset of  if the followings are satisfied: 

, , . 

Definition 2.10. An ordered pair  defines a picture fuzzy hyper-soft set (PFHSS) [20] where 

and  be a set of the picture fuzzy subsets in U. 
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Then, PFHSS represents as follows:  

Here,  and  be the positive 

membership, neutral membership and negative membership values respectively, such that , 

and  where  be the refusal 

membership’s degree of u. 

3. Proposed Neutrosophic Picture Hypersoft Set (NPHSS): 

The notion of NPHSS is developed in this Section and goes through its fundamental 

characteristics of correlation coefficient (CC) as well as weighted CC. 

Definition 3.1. Assume that U be the universal set,  be a set of the neutrosophic hypersoft 

subsets and  be a set of the picture fuzzy subsets. Let  be i distinct attributes, for 

all , with the corresponding attribute values  respectively, such that  

for  and  and . Then, an ordered pair  is called as a 

neutrosophic picture hyper-soft set (NPHSS) in U such that  

By using the Definition 2.9 and Definition 2.10, it is represented as follows: 

 such that 

  where  be positive 

membership, neutral membership and negative membership, respectively. 

Remark: For two neutrosophic picture hypersoft subsets, and in 𝑈,  is considered 

to be a neutrosophic picture hypersoft subset of  if the followings are satisfied:  

 , ≤ and ≥  

Here,  be the positive membership, neutral membership and 

negative membership, respectively, such that , and 

 where  

be the refusal membership’s degree of u. 
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The representation of the extended NPHSS model is shown in Figure 1, as outlined below: 

 

Figure 1: Flow diagram representing the NPHSS Model. 

Example 3.1.1. Assuming  constitute a team of faculties from three departments that 

are responsible for evaluating the representative of the department. Let : (Criteria Analysis) 

be three distinct attributes, with the corresponding multi-valued sub-attributes respectively 

represented as follows:  

 

Then,  

An NPHSS  is a set of subsets of  which is introduced by the faculties for a departmental 

representative (DR) as given below in Table 2.  

Table 2: Qualities of a DR in NPHSS 
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4. Proposed Correlation Coefficient (CC) for NPHSS: 

This Section introduces the notion of CC and its fundamental features for NPHSSs. 

Let  and 

 be two NPHSSs over U. 

Definition 4.1. Let  and  be two NPHSSs, its neutrosophic informational energies 

are defined respectively as follows: 

 

 

 

 

 

 

Here,  and  where  (natural numbers). 

Definition 4.2. Let  and  be two NPHSSs, a correlation measure between  

and  is defined as: 

 

 

 

Proposition 4.2.1. Let  and  be two NPHSSs. Then,  

(i)  

(4) 

(ii)  

(5) 

Proof: By using the Equations (1), (2) and (3), the results of Equations (4) and (5) are obvious. 

Definition 4.3. Let  and  be two NPHSSs, the CC between  and  is 

defined as: 

 

 

(6) 

Proposition 4.3.1. Let  and  be two NPHSSs. Then, 

a)   
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b)   

c)   

Proof: a) It is obvious from the Equation (6) that,  

  

Now, it is required to prove that: 

  

From the Equation (3), we have, 

 

=  

By using Cauchy-Schwarz inequality in Equation (12), we have, 
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By using the Equations (1) and (2) in Equation (13), we have, 

 

 

 
 

By using the Equation (6) in Equation (14), we have, 

    

Hence, the stated result of Equation (11) is established mathematically.             

Now, on combining the Equations (10) and (11), it is well proved that:  

 

b) It is obvious from the Equation (6) that,  

 Hence, proof of Equation (8) is simple. 

c) Now, it is required to prove that:  

 

From the Equation (6), we have, 

 
Now, using the Equations (1), (2) and (3) in Equation (6), we have, 

 

 

 Hence, the stated result of Equation (9) is established mathematically.  

Definition 4.4. Let  and  be two NPHSSs. The CC between  and  

is defined as: 

 
 

By using the Equations (1), (2) and (3) in Equation (15), we have, 
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Proposition 4.4.1. Let  and  be two NPHSSs. Then, 

1)   

2)   

3)   

Proof: 1) It is obvious from the Equations (15) and (16) that, 

  

Now, it is required to prove that: 

  

By using Cauchy-Schwarz inequality in Equation (12), we have, 
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By using the Equations (1) and (2) in Equation (22), we have, 

 

 
 

Now, using the Equation (15) in Equation (23), we have, 

     

Hence, the stated result of Equation (21) is established mathematically.             

Now, on combining the Equations (20) and (21), it is well proved that:  

 

2) It is clearly stated from the Equations (15) and (16) that,  

. ……. 

3) Now, it is required to prove that:  

 

From the Equation (15), we have,  

By using the Equations (1), (2) and (3) in Equation (15), we have, 

 

 

Hence, the stated result of Equation (19) is established mathematically. 

5. Proposed Weighted Correlation Coefficient (WCC) for NPHSS: 
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This Section introduces the notion of WCC and its fundamental features for NPHSSs. Decision-

makers can assign various weights to each of the alternatives with the help of WCC. 

Let us consider  and  be the weights of the alternatives and 

experts, respectively, such that:  . 

Definition 5.1. Let  and  be two NPHSSs. The WCC between  and 

 is defined as: 

 
 

By using the Equations (1), (2) and (3) in Equation (24), we have, 

 

 

 

 

 

   

 

, then the WCC given in Equation (24) reduces to the 

CC as given in Equation (6). 

Proposition 5.1.1. Let  and  be two NPHSSs. Then, 

1)   

2)   

3)   

Proof: It is as similar to Proposition 4.3.1. 

Definition 5.2. Let  and  be two NPHSSs. The WCC between  and 

 is defined as: 

 
 

By using the Equations (1), (2) and (3) in Equation (29), we have, 



Neutrosophic Sets and Systems, Vol. 67, 2024     89  

 

 

Manpreet Kaur and Akanksha Singh, Approach to Multi-Criteria Decision-Making in a Neutrosophic Picture Hyper-Soft Set 
Environment using Generalized Neutrosophic TOPSIS 

 

 

                           

 

, then the WCC given in Equation (29) reduces to the 

CC as given in Equation (15). 

Proposition 5.2.1. Let  and  be two NPHSSs. Then, 

1)   

2)   

3)   

Proof: It is similar to Proposition 4.4.1. 

6. Proposed Aggregation Operators for NPHSS: 

The notions of a weighted average operator as well as a weighted geometric operator are 

presented in this Section for an NPHSS by using the operational laws as follows:  

Let us consider  to be a set of neutrosophic picture hypersoft numbers (NPHSNs). 

6.1. The NPHSS's operational laws: 

Definition 6.1.1. Let   and  be two NPHSSs 

and  be a positive integer. Then,  

i.  
 

ii.  
 

iii.  
 

iv.  
 

6.2. Weighted Average Operator (WAO) for NPHSS: 
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Definition 6.2.1. If  and  be the weights of the alternatives and 

experts, respectively, such that   and 

 be an NPHSN, where ; .  

If  then, WAO for NPHSS  is defined as follows: 

  

Theorem 6.2.2. Let  be an NPHSN, where ; 

.  

Then, an aggregated value of WAO  is also an NPHSN which is given as: 

 

 

 

 

 

 

Proof: Suppose that  then  in Equation (38), we have, 

  

By using Equation (36) in Equation (40), we have, 

 

 

 

 

 

 

Suppose that  then  in Equation (38), we have, 

  

By using Equation (36) in Equation (42), we have, 
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Thus, the above results of the Equations (41) and (43) are valid for  and  

Now, assuming  and  in Equation (38), we have, 

  

By using the Equation (36) in Equation (44), we have, 

 

 

 

 

 

 

Similarly, by assuming and  in Equation (38), we have, 

  

By using the Equation (36) in Equation (46), we have, 

 

 

 

 

 

 

Now, by assuming and  in Equation (38), we have, 

  

  

Using the Equation (36) in Equation (49), we have, 
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Using the Equation (36) in Equation (50), we have, 

 

 

 

 

 

 

Thus, the above results of the Equations (50) and (51) are valid for and , where 

 be any positive integer.  

As a result, by using the induction approach, the above results are valid  

Now, from the Definition 3.1., we have,  

  

Using the Equation (36) in Equation (52), we have, 

 

 

 

 

 

As a result of Equation (53), we can easily say that an aggregated value of WAO  is also an 

NPHSN which is clearly stated that the result of Equation (39) is well proved. 

Example 6.2.3. Consider the above Example 3.1.1. Suppose  and 

 are the weights assigned to faculties and attributes, respectively.  

Using the Equation (39), we have, 
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6.3. Weighted Geometric Operator (WGO) for NPHSS: 

Definition 6.3.1. If  and  be the weights of the alternatives and 

experts, respectively, such that   and 

 be a NPHSN, where ; .  

If  then, WGO for NPHSS  is defined as follows: 

 
 

Theorem 6.3.2. Let  be an NPHSN, where ; 

.  

Then, an aggregated value of WGO  is also an NPHSN which is given as: 

 

 

 

 

 

 

Proof: It is similar to the proof of Theorem 6.2.2. 

Example 6.3.3. Consider the above Example 3.1.1. Suppose  and 

 are the weights assigned to faculties and attributes, respectively.  

Then, by using the Equation (55) the value of WGO is obtained as follows: 
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7. Solving MCDM Problems using NPHSS through the TOPSIS method 

TOPSIS approach aids in determining the optimum alternative based on the least and greatest 

distances between the neutrosophic picture positive ideal solution (NPPIS) and the neutrosophic 

picture negative ideal solution (NPNIS). Additionally, this approach provides accurate results for 

calculating closeness coefficients when used with CC rather than similarity measures. To 

demonstrate the NPHSS TOPSIS technique based on CC, we give an algorithm and a case study. 

7.1. Algorithm for addressing MCDM Problems using NPHSS through the TOPSIS: 

Suppose that  be a collection of the departments of the management-studies 

cluster. The task is to choose the optimal department through faculty evaluation analysis. Let 

 be a collection of students of the departments responsible for assessing faculty 

members in their respective departments. The evaluation involves assigning weights (student’s 

weightage) , such that  . 

Let  be a collection of students of the departments who are responsible for 

evaluating the faculties of their respective department with the weights (student’s weightage) 

, such that  . If  be a collection of multi-

valued sub-attributes along with their respective weights (faculty’s weightage)  

such that  . The faculty evaluation analysis is done by the sub-attributes with 

multiple values  which is presented in the NPHSS format. It is represented as 

 such that  

 

Step 1: Generate a matrix in the NPHSS format for each multi-valued sub-attribute, as: 

 

 

 

Step 2: The process of obtaining the decision matrix, including weights assigned to each 

multi-valued sub-attribute, is outlined as follows:  

 

 

 

 

 

  

Step 3: The NPPIS and NPNIS for weighted NPHSS can be determined respectively, as: 
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Here,  and  

Step 4: The CC for each alternative from NPPIS and NPNIS can be determined respectively, 

as: 

 
 

 
 

Step 5: The closeness coefficient of the ideal solution for NPHSS can be calculated as: 

 
 

Step 6: The ordering of the alternatives can be established by organizing the  values in 

descending order, with the highest value indicating the best alternative. 

The graphical representation of the proposed method is illustrated below in the Figure 2: 

 

 

Figure 2: Flow diagram outlining the proposed TOPSIS approach. 

5.2. Application in decision-making problem based on TOPSIS Approach for NPHSS: 

5.2.1. A Case Study on Faculty Evaluation Analysis: Let us suppose that  be a 

set of five departments (USB-Commerce; USB-MBA; USB-BBA; MBA-AIT and UITHM - University 

Institute of Tourism and Hospitality Management) within the Chandigarh University management 

studies cluster from which we have to select the best department based on faculty evaluation 

analysis. Let : (Criteria Analysis) be two distinct attributes, whose corresponding multi-

valued sub-attributes are respectively represented as follows: 

Faculty Evaluation Analysis from the feedback of the head of the department:  
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Adherence to core values while dealing with students & colleagues = 

 

= Quality of teaching & student engagement = 

 

= Quality of course or curriculum content and assessment writing =  

 

=Interpersonal; collaborative and research skills = 

 

Faculty Evaluation Analysis from the feedback of students of the department:  

 

Then,  = 

(head’s feedback and student’s feedback about the faculties of their respective department) be a 

collection of multi-valued sub-attributes along with their respective weights (faculty's weightage): 

 . 

Let  be a set of students of the departments who are responsible for 

evaluating the faculties of their respective departments with the weights (student’s weightage): 

 . 

Based on a faculty evaluation analysis, the goal is to identify the best department within the 

Chandigarh University management studies cluster. The graphical illustration of faculty evaluation 

analysis from the received is shown as follows in Figure 3: 
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(a)                      (b) 

Figure 3: (a) Faculty performance assessment through the department head's feedback; 

                      (b) Faculty performance assessment through the department student's feedback. 

 Step 1: Create the matrices  in the form of NPHSS for each multi-valued sub-

attribute by using Equation (56), as shown in Tables 3, 4, 5, 6 and 7, respectively: 

Table 3: Showing the values for . 

   

   

   

   

   

   
 

Table 4: Showing the values for . 

   

   

   

   

   

   
 

Table 5: Showing the values for . 

   

   

   

   

   

   
 

Table 6: Showing the values for . 

   

   

   

   

   

   
 

Table 7: Showing the values for . 
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Step 2: Obtain the weighted matrices  in the NPHSS format for each multi-

valued sub-attribute by using the Equation (57), as shown in Tables 8, 9, 10, 11 and 12, respectively: 

Table 8: Showing the weighted values . 

   

   

   

   

   

   
 

Table 9: Showing the weighted values . 

   

   

   

   

   

   
 

Table 10: Showing the weighted values . 

   

   

   

   

   

   
 

Table 11: Showing the weighted values . 

   

   

   

   

   

   
 

Table 12: Showing the weighted values . 

   

   

   

   

   

   
 

 

Step 3: Calculate the NPPIS and NPNIS by using the weighted NPHSS matrices for 

 by using the Equations (59) and (60), as shown in the Tables 13 and 14, 

respectively: 

Table 13: Showing the values of NPPIS (  

   

   

   

Table 14: Showing the values of NPNIS (  
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Step 4: Calculate the CC by using the values of NPPIS and NPNIS  by using the 

Equations (61) and (62), as shown in the Table 15: 

Table 15: Showing the values of CC (  for  

   

 0.9999 0.9951 

 0.9946 0.9999 

 0.9997 0.9948 

 0.9999 0.9957 

 0.9993 0.9980 

 

Step 5: The closeness coefficient of the ideal solution for NPHSS is determined by using the 

Equation (63), as shown in Table 16: 

Table 16: Showing the closeness coefficient ( values for  

  0.98 

  0.018 

  0.945 

  0.977 

  0.741 

Step 6: The rank of the alternatives can be determined by arranging the  values in descending 

order:   

Hence, based on a faculty evaluation analysis, (USB-Commerce) is the optimal department 

within the Chandigarh University management studies cluster. 

8. The Analysis of Comparison:  

This Section presents a comparative analysis of the proposed approach against previous 

methods, as depicted in Table 17: 

Table 17: Comparing the suggested approach with the prior methods. 

Authors Methods Observations 

Das et al. [66] 
Neutrosophic Fuzzy 

Set 

(i) Use of a single set of parameters with 

intuitive fuzzy values. 
(ii) An intuitionistic fuzzy set’s subset is 

the approximate function. 
Khalil et al. [67] Single-Valued (i) Use of a single set of parameters with 
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Neutrosophic Fuzzy 

Soft Set 
neutrosophic fuzzy values. 

(ii) A subset of the universal set is the 

approximate function. 

Muhammad et al. 

[68] 

Single-Valued 

Neutrosophic Fuzzy 

Hyper-Soft Set 

(i) Applying intuitionistic fuzzy values to 

a single set of parameters that has 

been separated into distinct 

attribute-valued sets. 
(ii) A neutrosophic set’s subset is the 

approximate function. 

Farooq and 

Saqlain [69] 
Neutrosophic 

Hyper-Soft Set 

(i) A subset of the neutrosophic set can be 

considered as an approximate 

function. 
(ii) Truth membership, indeterminacy 

membership, and falsity 

membership values are all mutually 

independent. 

Chinnadurai and 

Bobin [20] 
Picture Fuzzy 

Hyper-Soft Set 

(i) A portion of the picture fuzzy set can 

be viewed as an approximate 

function. 
(ii) Relationships exist among positive 

membership grades, neutral 

membership grades, and negative 

membership grades. 
(iii) Have used multi-attribute functions. 

Bobin et al. [70] 
Interval-valued 

Picture Fuzzy 

Hyper-Soft 

(i) Interdependencies in grades exist 

between positive, neutral, and 

negative memberships from both 

lower and upper ends, respectively. 
(ii) Have used multi-attribute functions. 

Proposed method 
Neutrosophic 

Picture Hyper-Soft 

Set 

(i) A subset of the neutrosophic hypersoft 

set is an approximate function. 
(ii) Dependent grades between positive, 

neutral, and negative membership. 
(iii) Used multi-valued sub-attributes. 

9. Conclusions: 

Engaging in MCDM involves considering various factors to select the optimal choice. A 

valuable strategy for ranking options using a distance metric is the technique known as TOPSIS. 

This research focuses on the theoretical aspects of TOPSIS and any related advancements or 

applications, addressing the decision-making problem by assessing and rating options. Within this 

study, we introduce the NPHSS concept, expanding on the NHSS and PFHSS to establish the 

NPHSS framework with a relevant example. We illustrate the NPHSS model's generalization 

through a flow chart and present the CC and WCC notions, proving their fundamental properties 

for NPHSS. Additionally, we have introduced the WAO and WGO notions for NPHSS using 

various aggregation operators along with suitable examples. The research delves into a TOPSIS-

based MCDM issue, demonstrating its effectiveness through a case study on faculty evaluation 

analysis aimed at selecting the best department from the management studies cluster. Comparative 

examples highlight the proposed method's efficiency in contrast to existing approaches. The 

research highlights the reliability of NPHSS as a decision-making tool in uncertain scenarios. There 
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are intentions to expand the model into an interval-valued NPHSS as well as explore its 

applications in various fields in the future. 
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