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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 PESS 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. Proposed Structure Corresponding Year of Key Findings

No. Authors Publication

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 Atanassov 1986 It signifies the degree to which

Set (IFS) 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 Wang et al. 2010 It imposes specific limitations

Neutrosophic Set on membership values to
(SVNS) address the limitations

encountered in NS.
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7 Neutrosophic Soft Set Maji 2013 It combines SVNS with SS.
(NSS)

8 Picture Fuzzy Set Cuong et al. 2013
(PFS) An extension of FS and IFS.

9 Picture Fuzzy Soft Set Yang et al. 2015 It combines PFS with SS and
(PESS) 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 Jaber et al. 2019 Integrating PFSS and PFS in a
Fuzzy Soft Set hybrid mode involves
(GPESS) incorporating additional data

into the PFS output to enhance

decision-making accuracy.

12 Neutrosophic Hyper- Saglain et al. 2020 It combines NS with HSS.
Soft Set (NHSS)
13 Fuzzy Hyper-soft Set Yolcu et al. 2021 A fuzzy membership degree is
(FHSS) assigned to each element in the
power set.
14 Intuitionistic Fuzzy Yolcu et al. 2021 It combines IFS with HSS.
Hyper-Soft Set
(IFHSS)
15 Picture Fuzzy Hyper- Chinnadurai 2021 Combination of PFSS and
Soft Set (PFHSS) and Bobin 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 F = {(u, M(u)):u € U} is known as a fuzzy set (FS) [12], where M(w):U - [0,1]

be the membership’s degree of U over U.

Definition 2.2. A set I = {(u, M (), N(w)):u € U} js known as an intuitionistic fuzzy set (IFS) [13],
where M(1):U = [0,1] pe the membership’s degree of U and N(u):U—=[01] pe the non-
membership  degree of u such thatVu€U, and O0=M@)+Num) =1L  where

H(u) =1 —M(u) — N(u) pe the hesitancy’s degree of U.

P = {(H,Mp (w), My (), T, (u)) TUE U}
Definition 2.3. A set is known as a picture fuzzy set (PFS)

[11], where (0 My().M(w):U = [01] pe the values of positive membership, neutral

membership and negative membership of u respectively, such thatv© €U, and

0 < M, (u) + My (w) + M, (u) < 1 R(w) = 1 — (M, @) + My () + 7, ()

* where be the refusal

membership’s degree of U.

Definition 2.4. An ordered pair of the form (Ms-5z) is known as a soft set (SS) [2], if Ms:Sp = Py Sp pe
a parameters’ set and ¥ < Sp»: Here, Ms is known as an approximate function of SS such that

Mg(x) = 0 if x €5 where Ms(x) is known as an X-approximate value set which is made up of the

parameter's associated objects * € Se-
Definition 2.5. An ordered pair of the form (MsS») defines a fuzzy soft set (FSS) [3], if

Hﬁ:sﬁ = Ce(U), Ce(U) be a set of all fuzzy subsets of U, 5p be a set of parameters and ¥ < Sz Here,
Ms(x) = 0 if x €S where @ be a null FS.

Definition 2.6. A set NS = {(w Tys (W), Iys (W), Fys(u)):u € U} is called a neutrosophic set (NS) [8],
which Tus stands for truth-membership’s function, Ixs stands for indeterminacy-membership’s

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

Tys(u).Iys(w) and Fys(u) € [0,1] and 0 = Tyg(w) + Iys(u) + Fys(u) =3V u €U, The simplest way to
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express an element in NS is to use a single-valued neutrosophic number (SVNN) as
u=A(T, [, F)VuelU
Definition 2.7. An ordered pair of the form (V.%) defines a neutrosophic soft set (NSS) [9, 10], if

N:§ — Cy(U), Cy(U) be a collection of all the neutrosophic sets of U, Sp be a parameters’ set
and S < Sp-

Definition 2.8. Ifﬁal’az’ = “f), be | distinct attributes, for all © = 1, with the corresponding attribute
values are (5152~ Si) respectively, such that @m N @n = © for 7 * 1 ywhere "7 € {L.2.... i} Then,

an ordered pair (51 %52 X . X 5;) ywhere H:Sy % Sz % % S; = Py is said to be a hyper-soft set

(HSS) [15] in U.
Definition 2.9. 1@ @z, o “f), be i distinct attributes, for all iz L with the corresponding attribute

values are respectively (5152, wves Sf), such that @m N @ =0 for M#F N (e M € {12..., 1} Then,

(N, H)

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

S5, XS x..xS, =H N:H—-NYH=8x85x.%x5 4 N7 o o ot of all the

exists where

neutrosophic subsets in U and N(Sy % 85 % . 5) = { (1 Tys (), Lys (W), Fys () w € U} where Ins

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

Tys (1), Iys(w) and Fys(w) € [0,1]

stands for falsity-membership function such that and

0= Tys(uw) + Iys(uw) + Fyc(w) <3VueU

Remark: For two neutrosophic hypersoft subsets (NH)1 gng WH) 2 iy U, (NH)1 5 considered to be a

neutrosophic hypersoft subset of (NH)2 if the followings are satisfied:
Tys(NH); < Tys(NH); Iys(NH)y < Iys(NH), Fys(NH); = Fys(NH)

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

P:H = Cp,H = §; X 5; X ... X 5; and Cp be a set of the picture fuzzy subsets in U.
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Then, PFHSS represents as follows: (P, H) = {(p,h):p € H = §; X $; X ... X §;,h € Cp,Cp € [0,1]}.

Here, "~ (425 (02 00-26:00) v S0} L 4 M (), Miy (1), My, (0:U = [0.1] pe the positive

membership, neutral membership and negative membership values respectively, such that ¥V 4 € U,

and 0= Mp (H) + .M'N(u) +Mn (H) <1 R(u) =1 — [:Mp (2} + o (e} + v, (u):l

» 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, (NH)Y be a set of the neutrosophic hypersoft
subsets and Cr be a set of the picture fuzzy subsets. Let (@1, @z, ....@) be i distinct attributes, for
alll =1 with the corresponding attribute values (S1:52; - 5;) respectively, such that @m N @, = 0
for M #n and M1 € {12...,i} and Sy X S2 X ... X§; = H_Then, an ordered pair (P".H) is called as a

neutrosophic picture hyper-soft set (NPHSS) in U such that £ N8y X 8y X . x S§; = (NH)Y X Cp.

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

Pﬁ?r(.u) = {(uj:Mp (.PN)SE- (Hj),M\'[Pw)g (uj)rMn [PN)SE- (uj))vuj € U} h th
suc at

0 < M, (PY)5, (1) + My (PY), (1) + M, (PY)5 () < 1 M, (PY), My (PY), MU -

where [0.1] pe positive

membership, neutral membership and negative membership, respectively.

Remark: For two neutrosophic picture hypersoft subsets, (P "M1and PMzin U, (P*)1is considered

to be a neutrosophic picture hypersoft subset of (P ")z if the followings are satisfied:
N N N N r N
My (PT)y = My (P )2, My (PY)y < My (PY)z and M (PV) 1> M, (PY).

M, (PY), My (PY), M, (PY):U -

Here, [0.1] be the positive membership, neutral membership and

negative membership, respectively, such that Vuel and

0 < M, (PY) () + My (PMI(1) + M (PYI(W) £ 1, ypope 200 ~ 1~ (B NGO+ 2 (P00 + 26, (0)

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:

—™ Fuzzy Hyper M e
b = I % | sophic
B ] L | Soft Set SoftSot | | oo sat
............... 4 S— - 4
P | Fl
' L ~7
w’ - -
I - . - —L -» - - ("~ Newtro- |
| \ ( Picture | Meutro- sophic
Universal | — Fuzzy i sophic
Set L > NS o Hyper- | > Hyper- ':::::?
J \ J Soft Set | \_ Soft Set |_soft set )
n'/ & £ o \\
. L [ |
P ™ f Y
- Intuition- ) MHeutro-
Fuzzy Set || /) istic | F:;_:;“;it | \\ sophic
L Furzy Set ¥ vV Set

- /

Figure 1: Flow diagram representing the NPHSS Model.

Example 3.1.1. Assuming F = {F1. %2, Fa} constitute a team of faculties from three departments that

are responsible for evaluating the representative of the department. Let(ay, @) (Criteria Analysis)

be three distinct attributes, with the corresponding multi-valued sub-attributes respectively
represented as follows:

@, = leadership skills, @, = research experience,
ay = representative skills = { @;, = management skills,} and®; = representative experience = |, = teaching experience,

@,3 = interpersonal skills Q5 = industry experience

(@, Qo Qo Waz )

- {{le’QzlrQZZrQZS }:} = {q@,, Q. @z}
Then, H = @1 X @ = {@11,@12, @13} X {Q@21,@zp, @z} L {1z Q22 @22 Q23]

An NPHSS (PY.H) s a set of subsets of F 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

F @, @, Qs

F, (0.04,0.05,0.02) {0.01,0.04,0.02) {0.03,0.06,0.02)
F, (0.02,0.04,0.05) {0.02,0.01,0.04) {0.02,0.03,0.06)

F, (0.05,0.02,0.04) {0.04,0.02,0.01) {0.06,0.02,0.03)
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4. Proposed Correlation Coefficient (CC) for NPHSS:
This Section introduces the notion of CC and its fundamental features for NPHSSs.

(P, Hy) = {(1,, M, (PY )5, (1), My (PY ) g, (1), M, (PY g, (1) ) s, € U
Let and

[P JHy) = {(H M, (PN 2)5[: )Mmffpﬂz)sf(u;) M, (PN 2)5 t:u )) u; € U}
be two NPHSSs over U.

Definition 4.1. Let (P"1.H1) and (P"2.H2) be two NPHSSs, its neutrosophic informational energies
are defined respectively as follows:

E(PY,,H,) ZI (M [P"\l)sl: )) (M""(PNI);-(HJ])2+
vHy) =il (MR(PNJ.)SI-[:HJ))Z | o

E(PY, Hy) = ii (56,2"05,(4)) + (40P ()) +
243 L4 (MR[PNZ)SE(uJ))Z | (2)

Here, L =i =k and 1 = =l where k.! € N (natural numbers).
Definition 4.2. Let (P ¥1.H1) and (P"2.H2) be two NPHSSs, a correlation measure between (P"1.H;)

and (P"2,H2) is defined as:

e o ([06 @Y D5 ) = (4, (¥ s ()] +
MU HDL P D)= D D (46 05 () (4 (P25 ()] + 3)
i=17=1 [(Mn (PY s, l:uj]) " (Mn (PY)s, [uj])}

Proposition 4.2.1. Let (P 1.H1) and (P"2.H2) be two NPHSSs. Then,

4
(1) ME[(PYy, Hy), (PN, Hy)] = E(PY , Hy); Y
5
(i) ME[(PY 5, H,),(PY 5, Hy)] = E(PY,, Hy); o

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

Definition 4.3. Let (P"1,H1) and (P"2,H3) be two NPHSSs, the CC between (P"1,H1) and (P"2.H3) is

defined as:
M ¢ [(PNJ_:H]_): (PhrZ! HZ )]
JE(PY  H,)JE(PY,,H) (6)

Col(PYLHy ), (PY3,HY)] =

Proposition 4.3.1. Let (P" 1.H1) and (P"2.H2) be two NPHSSs. Then,

a) OSCUPYLHD(PY,H)I<1; (7)
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b) Ce[(PY 1, H,),(PY 3, Hy)] = CE[(PY 5, Hy), (PY 1, HY]; (8)

o) If (PY,Hy) = (PY,,H,),then C°[(PY ,H)),(PY,,H,)] = 1. (9)

Proof: a) It is obvious from the Equation (6) that,
CEL(PY . Hy). (PY 5, HR)] 2 0 (10)

Now, it is required to prove that:

CEL(PN L H),(PY,,H)] = 1. (11)

From the Equation (3), we have,

.o (oo as(u) (26, (P2)5.()] +
MC:ZZ [(.M‘W{P 1}5{11 | My (P! z)s( )]+
T (005 () « (445 w)]

(2, (PY s, ) ) * (M, (PY )5, () )| + [(M (PY g (1)) = (M (BY)s () )] +
(7" l)a(ul)) (2, (PY )5, () )] + [ (3, (PY ) () ) = (3, (P¥ )5 ) )] +
)X [(M\I(P 1)_5(“2) (-M'N(Pvz)si (uz) )|+ ] [ M (Pﬁl}ss(“z))* (M (" z]g(“z))]‘i‘
4 [(M (Y ) () + (3, (PY )5, () )] + [ (M (PY )5 () = (M (P¥ )5 () )| +
me. (M (PY ), () ) * (M (PY2)5, () )] (12)

By using Cauchy-Schwarz inequality in Equation (12), we have,
Mc[(PNl'H[)J(PN HZ)]‘,
. [(M (P 1)51(u1)) (
< 3 (P 5 @) + (MY )5, w)) + o+ (M (P D5 @) |+ %
=1 2
(e 5 @) + (M (P 5 12)) + -+ (M (P s ) ]

M, (P-"l)sl(uz)) + - + JVl' (PN 1)5,(“1) ]+

([06E")50)) + (16,@¥5w) + -+ (46,5 @) |+
Z [(M\'{P z)s(uﬂ +(M\'{P‘vz).§:£uz)) + - +(M~;£Pvz}s{ur})]
i=1
[(M (P¥ z}s,{uﬂ' (Mn£Pvz}si{uz)) +'"+(Mn£P 2)5:-{1‘5!})]
B (M (P 1)5f(" J) E 1 (M G z)s,{“ ))
= ML, ), (P F < 3 3 (3,705 (1)) + XD D (g ) 4
=1 /=1 i=1j=1
( M, (PY)s, [iuj]) (M (p¥ 2)51(113})
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By using the Equations (1) and (2) in Equation (13), we have,

ME[(PY, Hy), (PY 5, Hy)* < E(PYy,Hy) X E(PY,Hy).

= MC[(PY, Hy),(PY;,H))] < JE(PY,H)) x /E(PY,,H,).

N Me[(PYNy,H,), (PY,, H))l -
I T . T - =" 14
JE(PN,, H)E(PY,, Hy) (14)

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

Ce[(PY,Hy),(PY, H)] < 1.

Hence, the stated result of Equation (11) is established mathematically.
Now, on combining the Equations (10) and (11), it is well proved that:

0=<C[(PY,H),(PY,,H)] = 1.

b) It is obvious from the Equation (6) that,
CoL(PY Hy).(PY 3, H)] = CE[(PY 5, Hy), (PY 1, H )] Hence, proof of Equation (8) is simple.

er(pN N —
c) Now, it is required to prove that: CoLP™ 1, Hy), (PR H)] = 1.

Proof:1f (P¥,H,) = (P, H,),then,

From the Equation (6), we have,
Me[(PY},H,),(PY;, H))]
\J'rE£PN1rH1}\,IE£PN2:H2)

CC[(PleHl):{PNE:Hz)] =

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

£y T [(M, (P25, (1)) + (M (P25 (1)) + (4 (P25 () ]
'[ i=12j=1 [(MP(P-‘;?-:IS'{“I))_ + (M—-*'(PNI)S&{“J))_ + (Mn(*p'vz}se(“.e)f] 8
Z,-l [(MP{PN:}S,-{“;J): + (H\'{PN:.}S,-(“;'}): + (M::':F'\rz}si(“;))zl

CEUPY H ) (PY 3. Hy)] =

= CC[{P"\rj.:Hl):(PNzsz)] =1

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

Definition 4.4. Let (P"1,H1) and (P"2.H3) be two NPHSSs. The CC between (P*1.H1) and (P".Hz)

is defined as:

M[(PY¥,Hy), (PY,, Hy)l
max{E(PY ,, Hy),E(PY 5, Hy)} (15)

EE['[P‘\']_:Hll{PNE:Hz)] =

By using the Equations (1), (2) and (3) in Equation (15), we have,
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c‘c.[(PN}'Hl)l(P.\'Z'HZ)]
[(Mp (P‘Vl)si(uj)) - (Mp(P’vz)sf(“/))]
T T+ [(M\'(P‘vl)s_(”;)) - (M\'(P'Vz)s,(“;))]
i [060:) - (0056
Zf:xzﬁn[(MP(P‘\'x)s,-(“z))h + (MV(PXL)S,(llj))“ + (Mn(P‘vx)s-(“;))ﬁl' (16)
max 2 2 2
Zf:xzﬁn[(Mp(ﬂz)s,(“;)) + (M\'(P‘\'z)s,(“;)) + (Mn(PN:)sl(“;)) ]
Proposition 4.4.1. Let (P"1.H1) and (P"2.H2) be two NPHSSs. Then,
1y 0= CLELHD.(PY, HY)l < 1 (17
2) CE[(PY,Hy),(PY 5, Hy)] = CE[(PY 5, Hy), (PY  HY); (18)
3) If (P¥,,Hy) = (P¥;,H,),then C°[(PY ,H,),(P¥;, H,)] = 1. (19)
Proof: 1) It is obvious from the Equations (15) and (16) that,
Ce[(PY 1, Hy), (PY 5 Hy)l = 0. (20)
Now, it is required to prove that:
CE[(PY , Hy) (PY, Hy)] < L. (21

By using Cauchy-Schwarz inequality in Equation (12), we have,

ME[(PYy, Hy ), (PY 2, Hp)]

) [{M (P"'ljs(ul)) (2, P (uz)}I f ot (M, (V)5 ()
z [M\.(P 1)_ﬁiul)) [M\(Pvl)_%(uz)) +- +(M~(F"'1)5 (ui))z + x
i=1

[(M fPN_l)s ("_1)) (M (P¥)s f"z)) + -+ (M (P'\'ljs f“a) ]

=
. (o ﬁsml)) (M, (P¥ 5 ) + -+ (M, (PY D @) | +)
Z [ M\ (P¥3)s ("1)) + [:M'\.‘ PY3)s, (N:)) +eet (M'-:(P' 2)5,(“!) ]
i=1 o
\ (26 PY)5, )" + (AP 5, @) + -+ (1,5 ) ]

= ME[(PY, Hy).(PY,,H)]

Z{ (P‘Vl)_.;l(uj))z + (MN(P‘VJS,(“;'))E + (M“(P-\’l)%(uj))z] *

i=

Z { MP(P'NZ)SI_(HJ.))Z+ (Jvﬁ.‘,(PNz)si(uj)} + (M (PY )5, () ) ]

II
-

=

1A
3
]
=

\ i=1 j=1

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

Environment using Generalized Neutrosophic TOPSIS



Neutrosophic Sets and Systems, Vol. 67, 2024 87

= M[(PY, H,),(P¥,,H,)]

k1
> Y {6 05)) + (6 D5 w)) + (46,*5()) )
= max '=:,]=,1 ) (22)
Z {(M (PY )5, (u; )) (Mv(P‘\'z)s.'(“j))ﬁ + (M"(P'vz)%(“f))-}
i=1j=1

By using the Equations (1) and (2) in Equation (22), we have,
ME[(PY}, H,),(PY 3, Hy)] < max{E(PY,,Hy),E(PY 3, Hy)}.

- ME[(PNy,H,),(PY,,H))] <1
max(E(PY , Hy),E(PY,, Hy)) (23)

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

CE[(PY L, Hy), (PY,,H)] < 1.

Hence, the stated result of Equation (21) is established mathematically.
Now, on combining the Equations (20) and (21), it is well proved that:

0 < CF[(PY,,H). (PY2, H)] < 1.
2) It is clearly stated from the Equations (15) and (16) that,

E‘E[{P"\rlpﬂl):(P*'\rzsz)] = EE[(PNE:Hz):{PNle)]

E N -
3) Now, it is required to prove that: CLP 1 Hy), (P72, Hp)] = 1.

Proof:1f (P¥,H,) = (P, H,),then,

— . . cff pV N
CELPY 1 1), (P )] = T E )
. (B(PY . H,) [E(PY,.H,)
From the Equation (15), we have, N W

By using the Equations (1), (2) and (3) in Equation (15), we have,
£ Bl (M, (P25 () + (M (PY2)5, () + (MR(P""ZL-.-(“;]):]
JZE )= [(M (PY2)s5(wy )+(M~(P s ) (Mn(*p"'rz}ss(“:))z]x
JZ!_I M (PY,)s, (3 j) (J'-*!’J.,,{P-""z}si(uj))h+(M,,{F""'z}s‘_(uj))z]

CEL(PYy, Hy), (PY . Hy)] =

= E‘E[{P"\rlpﬂl):(P*'\rzsz)] =1

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 ¥ = {#1, 95, ... 9,} and @ = {wy,wy, ..., 0.} be the weights of the alternatives and

experts, respectively, such that: Yoz ¥r = LEyoi0y, = 1V 0,0, >0,

Definition 5.1. Let (P Y1.H1) and (PY2.Hz) be two NPHSSs. The WCC between (P*1.Hi) and

(P"5,H,) is defined as:

Me[(PY} Hy), (P" 5, H;)]

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

WE(PY , H,y),(P¥,,H,)] =

'((Jvr_D(PNl)S:(uJ.)) . (Mp('P-"z)sx_(uJ))) +

T2 8 Zim oy | (2w (PY D5, () » (M\,(P.\vz)&(u])))

|+ ((M,?(P-"1 )_%(14,)) * (M,,(P“':)g(u,)))

EJZ.'{:l 9, {Z‘lew.{ '<(MP(PA‘Z)51(“1))2 + (M-"'(P.\LI)S‘ (u’))z)]}

’ : (25)

N\ + (Mn(PNi)Si(u]))h
[

x 4[232:1194.{233':10.;_‘4 [((MD(P":)SK»(‘U)) +(M"(P‘ Z)Ss(ul)) )]}

\ +(M7:(P'\'2)s,—(“j))2

WE(PY L Hy),(PY,,Hy)] =

Remark:If 8 = -&,E, 1} andw= {i,

1 1
v’ e w'w

yomey

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

CC as given in Equation (6).

Proposition 5.1.1. Let (P 1.H1) and (P"2.H2) be two NPHSSs. Then,

1) OS WP LH).(PY, H) = 1 (26)
2) WEL(PY, H,y),(PY5,Hy)] = WE(PY 5, Hy), (PY 1, Hy) T (27)
3) 1If (PY,,H,) = (PY,,H,),then WE[(PY,,H)),(PY,,H,)] = 1. (28)

Proof: It is as similar to Proposition 4.3.1.

Definition 5.2. Let (PYLH) and (PY2.H3) be two NPHSSs. The WCC between (PY1.H1) and

(P¥3,H,) is defined as:

Me[(PY,H,),(PY,,H))l
max{E(PYy, H,), E(PY 4, Hy)) (29)

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

we¢ [(PN]_: Hl): (PszHz)] =
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((M (p" 1)5( ) (M [pNz]'si (u)))-l—
Ei=19x{ Ly wy ((M (PY s, (w ) (M'\(P z);(u;))) (30)
M (P s, (u (M (PY)s,(u )))

PARER { Y1 ‘K e 1)5( (M“(P rl)Sf(uj))z)”’
M (P 1);(“}))

Y20, { K oo Z)S’(u‘) (Mﬂ'“’“zk(u;))z)”
WEL(PY, Hy), (PY . Hy)] = + (40,2725 ()

max

Remark:If 8 = -E,%, ,i} andw= {i,

1 1
wWow

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

CC as given in Equation (15).

Proposition 5.2.1. Let (PY1,Hy) and (P¥2.H3) be two NPHSSs. Then,

1) 0 < w¢ [(PY L H ). (PYHDI S L; (31)
2) ﬁt [(PN]_: H_L): (PszHz)] = ﬁt [(PNzsz): (PNJ_: Hl)]i (32)
3) If (PYy,Hy) = (PY;,H,),then w¢ [(PYy,Hy),(PY3, HY)] = 1. (33)

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 7 to be a set of neutrosophic picture hypersoft numbers (NPHSNSs).

6.1. The NPHSS's operational laws:

My My PN12= M, r-J_"”f:w n
Definition 6.1.1. Let = (26 2 2s) and (.. 12)be two NPHSSs

and P be a positive integer. Then,

r T Mp + r M Mp
PN @ P, = 11 12 P11” P12’ ); (34
i M""l +M"-’12 M’\’nM\'m’MnuMnlz
PN . @PY¥,={ MpllMplz MMy )5 (35)
i Mgy + Mgy = Moy My,
l' —_ P
e =(1=(1-g,,,) 1 - (1= 90, .00, )]s (36)
iii.
@¥10e = ([(m, ) (M, )1 - (1 -0, (37)

6.2. Weighted Average Operator (WAO) for NPHSS:
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Definition 6.2.1. If ¥ = {#1.9, . 9} and @ = {@wy. @, ... @} be the weights of the alternatives and

experts, respectively, such that Yiz1¥e = LEjmi0y =1V By w0y > 0 and
PNJ-‘JL' = (Mp v.x’M\'Vx’Mn VJL')
: ‘ """ be an NPHSN, where ¥ = {12, ..., v}, y = {12, ..., w},
If $:1" = 7. then, WAO for NPHSS (@) is defined as follows:
PPN 1, PY 15, PY ) = @Yo B, (BN w0, PY ). (38)
PN:FJL' = (Mp v_x’M\'vx’Mn v.x)
Theorem 6.2.2. Let : | ’ be an NPHSN, where *={L2 .., v}

y={12,..,w}

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

)
r w -

. , T w
1— l_[ (1- Mp}_x)m" 11— 1_[ lﬂ (1- M«wJ.x)m)' ,
=1 »=1|y=1

x=1|¥

).

» w ﬂx
H IQ(M" n) ] (39)

@GPV, PY g PN ) =

Proof: Suppose that W = 1 then @1 = 1 in Equation (38), we have,

{p[Phrll:PArlz.!-".!Phrlv) = @i{:lﬁxpﬁllx' (40)

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

4, - By
v 1 v 1
ﬂ:Jy ﬂ:Jy
166,07 T[T -7
. . . =1|y=1 =1|y=1
SPY 1 PV g PY )= . T )-
v
I:r.Jl)r

x=1|»=1 |
Suppose that ¥ = 1 then 9 =1in Equation (38), we have,
@(PY 11, PY o1, PV 1) = @Yo @, PV (42)

By using Equation (36) in Equation (42), we have,
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1 w By 1 [ w By
Dy Dy
1= 1_[ h_[ (1 B Mpyx) - 1_[ 1_[ (1 - M"'N) ’
T r r x=1|y=1 x=1|»=1
PPV 11, PV iz, PY ) = 8
1 w *
Wy
LI [Ge,
x=1 y=1( }x) | (43)
Thus, the above results of the Equations (41) and (43) are valid for W = land v = 1.
Now, assuming ¥ = @+ 1 and W = £ in Equation (38), we have,
‘?:'(PNanler---:PN,G:'aHj] ®id [:65"6—1 J—P\r\«.l) (44)
By using the Equation (36) in Equation (44), we have,
ati[ B % a+i[ B Ux
16007 a6
r x=1|y=1 B x=1|y=
¢(F\L1J PNy, '\,ﬁ’-a+l-)=‘: e[ B 8,
I_[(M"T.r) ‘
x=1|¥=1 ’ (45)
Similarly, by assuming ¥ = @ and W = f + 1 in Equation (38), we have,
¢'(PN11:PN12:---:P‘\'at'ﬁuj) = Eagzlﬁx(EBeriw PN_v.r)- (46)
By using the Equation (36) in Equation (46), we have,
a [B+1 a [B+1 B
10| 1[0
¢(P,\'HFPH1:,.. . ' al ﬁ‘H-‘) = { u g+1 i }
ﬁr..l}.
H(M) (47)
r=1[y=1
Now, by assuming ¥ = @ + Land W = S + 1 in Equation (38), we have,
‘p(PNll’Ple’--'JPl\'i'a+1:It',t?+ll) $a+1ﬁ (eagiiwyphryx)' (48)
= ‘?(PNnrlezr---:P"\rc'a+1j¢'£+1j) B0 [:'EB =1Wy Pwm)ﬂaaﬂﬁ [:WSP .xc,t?+1u) (49)

Using the Equation (36) in Equation (49), we have,
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avrl[ B w_' a+l _—
l_n _I(I_Mp_x:\') ’ e l_]—I[(l_ 1’.1(3-1!) " ]
x=1|y=1 ]
| , ‘ a+l[ B _' a+l wgs 1P
‘1"(?'\11'!3".12—----Phr.a+l‘:,9+1j) =(1- l—l —[ 1- M" ® 1- H[(l M"'zcﬁu) ]
x=1|y=1 ]
a+rl B O
_[ 1_[ ose) y ﬁl_“( rsen) ]E* (50)

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

a+1 [B+1 By a+1 [B+1 By
- 1G-2,)" =TI TG -20,.)"
S(PY11,PY 1200 PY (qaipen) = e a+1 [B+1 - ;:L ).
wy
l_[ H(M) o

Thus, the above results of the Equations (50) and (51) are valid for ¥ =&+ 1land W = B+1 where
@ B be any positive integer.

As a result, by using the induction approach, the above results are valid ¥ @ f = 1.
Now, from the Definition 3.1., we have,

0<M, +My, +M, <1 (52)

My

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

8 o T w

v w y
o1- n[l—[ (1 - ij__\_)w" +1— 1—[ 1 - My il 1—[ (Mn_r_‘_)m"' <1
»=1|y=1 1 =1y

x=1

(53)

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

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

w, = {0.20,0.30,0.50}

Example 6.2.3. Consider the above Example 3.1.1. Suppose and

¥, = {0.30,0.34,0.36] gre the weights assigned to faculties and attributes, respectively.

Using the Equation (39), we have,
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" W ml'l'ﬂ.r 1 W o, IgJt:
0| (N NS (O
] ' ' 1ly=1 =1 | ¥=1
P11, PY g PN =( T ’ ! _;:-T )

w W N
- e

[[[[]6e,.)"

=1 _1,-:‘ |

= {0.31,0.30,0.10).

6.3. Weighted Geometric Operator (WGO) for NPHSS:

Definition 6.3.1. If ¥ = {#1, 95, ... %} and @ = {@y, @y, ..., 0} be the weights of the alternatives and

experts, respectively, such that Yiz1¥e = LEjmi0y =1V Ty 0y, >0 and

yx Myx

pN  — (Mp My M,
" a be a NPHSN, where * = {12, .., v}; ¥ = {12, .., w},

If¥:0" = 1. then, WGO for NPHSS (¥) is defined as follows:

By

PPy PY L PY ) = @'1{:1[@'?:1(9\';;;:)%] (54)

J‘Iy_;;

Theorem 6.3.2. Let be an NPHSN, where X={1,2,---,1?};
y={12,..,w}

Py, = (Mpyx,M\'N’M )

Then, an aggregated value of WGO (¥) is also an NPHSN which is given as:
8, 8,
w

[TTT0o0"| TTT T -

x=1|»y=1 x=1|»=1

Y(PY 1, PY g PN ) = 8, )

(-0 9

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

Example 6.3.3. Consider the above Example 3.1.1. Suppose wy = {0.20,0.30,0.50} ;g

¥, = {0.30,0.34,0.36] are the weights assigned to faculties and attributes, respectively.
Then, by using the Equation (55) the value of WGO is obtained as follows:

Y(PYy,PY g, PN )

& v w B

v T w 8, b T w
- {l_[ ﬂ(”ﬂ)m ]_[ n(*ﬂv_-.-_r)% 1= I_I n{l -, )| )=(034,035030).
¥=1|¥=1 ¥=1|y=1

x=1|y=1
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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 D = {D1,D;,....Da) be a collection of the departments of the management-studies

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

H = {Hy,H;, . Hn} 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) @ = {@1, @3, ..., @y}, such that L=y =1Vw, =0

Let H = {H},H,....Hy} 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)

w = {wy,w;, ..., 0} such that Ly—iwy =1V @y, >0 [fH=S5; X5, X ..X 5 be a collection of multi-
valued sub-attributes along with their respective weights (faculty’s weightage) ¥ = {8,,9;, ... 9,},
such that Li=19: = 1.V 8, > 0 The faculty evaluation analysis is done by the sub-attributes with
multiple values 5 =12 .1) which is presented in the NPHSS format. It is represented as
PN.J:.v - <Mp,\-y’M'\’xy’M ) 0= Mpxy +J"f:l\.'rx}_ +Mnx_-,- 1Vay.

Ny

such that

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

[Da‘!H] mxn [Dd]mxn (56)
51 e S‘ll-

H

_ :l <Mpll’M"-’11’Mn11> <MP1H’M\'1n’Mn1n>

H M, My, M, )

‘:Mpml’}[}vml’Mnml} mn mn'~  Mmn
Step 2: The process of obtaining the decision matrix, including weights assigned to each
multi-valued sub-attribute, is outlined as follows:

y y

v w v [ w
iy Wy
1‘1_[[1_[(1_Mpx.v) ’1_1_[ 1_[(1_}{”&') '
x=1|»=1 x=1|»=1
[mmx:n = ( ’ w '-‘9::- )
@y (57)
[0
x=1|»=1 |
[E]mxn = <Mpxy’M\rxy’Mﬂxy> (58)

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

— —_— —t —t Ay ) V) 7=V
D+={Mp My My, )mxrrz{Mp( JJ!M\'( J]!Mn( J]:’: (59)
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D~ = (M, My My ) = (30, 3, (") 3, (o)) (69)

Here, Axy=argmax, {02,) and Vay= argming {9%, }.

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

_ M?(D,,D%)
Cq*=C(Dy, DY) = ———; (61)
JE(DGVE(D™)
_ - M¢(D4,D7)
Cq~ =C°(Dy D7) =———. (62)
JEMDHVED™)
Step 5: The closeness coefficient of the ideal solution for NPHSS can be calculated as:
1—Cy4”
#a =5 e g, (63)

Step 6: The ordering of the alternatives can be established by organizing the #a 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:

* Create an NPHSS matrix form for each attribute.
Step 1

« Establish the weighted decision matrix.
Step 2

* Calculate the weighted NPHSS's NPPIS and NPNIS.
Step 3

+ Calculate the correlation coefficient for each alternative.
Step 4

* Find out the closeness coefficient.
Step 5

* Rank the alternatives
Step 6

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 2 = {D1,D;,D3,D4, D5} 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(@1,@2): (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: 1 = {51,52,53,5,}
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51 = Adherence to core values while dealing with students & colleagues =

S;4 = treats every student fairly,
S;; = tries relentlessly to motivate and inspire students,
Sz = respects divergent views and welcomes disagreement,
S,4 = Vounteers to address exigencies and solve problems.

Sa= Quality of teaching & student engagement

551 = Expert at delivering highly engaging classroom or online sessions,
555 = Most of students rate him/her as a highly effective instructor,
5,3 = Expert at using a variety of pedagogical tools like lectures,
multimedia presentations,
simulations, roleplays, bespoke activities, etc.,

5,4 = Students consider the teacher — friendly and easy to talk to

S3= Quality of course or curriculum content and assessment writing =

531 = Delivers high — quality syllabi or course contents,
S35 = Expert at preparing competency — based assessments to .
demonstrate achievement of outcomes

Ss=Interpersonal; collaborative and research skills =

541 = Is always available for consultation/ help to other faculty members,
S4; = Participates in administrative tasks as when required,
543 = Achieves at least 2 Scopus indexed (or higher value) publications/ year, [
544 = Is an active member of a Research Cluster

Faculty Evaluation Analysis from the feedback of students of the department: ®z = {Ss5.56} =

Ss = Student’s mid — semester test score and a number of students’ responses for
faculty feedback about the MST exam,
56 = Student's end — to — semester exam score and the number of students’ responses |
for faculty feedback about end semester exam

Then, H=a@iXa;= {51,55,52,8.} X {85, 56} = (51,57, 52,54,85} X {51,5,, 53,5, 53 = {§; x &} _

(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):

8 = {8,,8,,05,8,,95} = {0.18,0.25,0.26,0.15,0.16}, ¥3_, 8, =1,V 8, > 0

Let H = {3, H5,H3, Hy Hs} 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):
w = {wy,w;, w3, wy, ws} = {0.14,0.19,0.26,0.09,0.32}, X} w, = 1V w, > 0

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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I Good Feedback (positive membership) (count) [l Average Feedback (neutral membership) (count)
Low Feedback (negative membership) (count)

B Good Performer (positive membership) [l Average Performer (neutral membership)
Low Performer (negative membership)

]

USB-Commerce
Lowest Score=24.6, Highest Score=38.3

USB-VBA
ECONOMIC Lowest Score=31,03, Highest Score=51,38

4
USB-BBA

T

Lowest Score=37.3, Highest Score=54.7

Lowest Score=34 66, Highest Score=51.95
UITHM - University 2

Institute of Tourism
and Hospitality Ma..

Total Faculty = 248
| : L

0 50 100 150 200 0.00 3200 64.00 96.00 128.00 160.00

(@) (b)

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

Lowest Score=24.65, Highest Score=54.1

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

Step 1: Create the matrices P1,D2,D3,D4 and Ds 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 forP1.

Table 5: Showing the values forPa.

Table 4: Showing the values forDz.

D, 5, S, D, 5, 5,

M, (0.11,0.02,0.01) (0.01,0.03,0.001) #, {0.03,0.09,0.02) {0.02,0.03,0.14)
M, (0.15,0.03,0.01) (0.01,0.03,0.002) H, {0.04,0.12,0.03) {0.02,0.04,0.19)
M, (0.21,0.04,0.02) (0.02,0.05,0.002) H; {0.06,0.16,0.04) {0.03,0.06,0.26)
H, (0.07,0.01,0.01) (0.01,0.02,0.001) #, {0.02,0.06,0.01) {0.01,0.02,0.09)
Hs  (0.26,0.04,0.02) (0.02,0.06,0.002) H: {0.07,0.20,0.05) {0.04,0.07,0.32)

Table 6: Showing the values forDs.

D, 5 S, D, s S,

H, (0.01,0.10,0.02) (0.02,0.04,0.001) #, {0.01,0.10,0.03) (0.01,0.01,0.003)
H, (0.02,0.14,0.03) (0.02,0.05,0.002) #, {0.02,0.13,0.04) (0.02,0.02,0.004)
H; (0.02,0.19,0.04) (0.03,0.07,0.003) #; {0.02,0.18,0.06) (0.02,0.03,0.005)
H, (0.01,0.07,0.02) (0.01,0.03,0.001) #H, {0.01,0.06,0.02) (0.01,0.01,0.002)
H. (0.03,0.23,0.05) (0.04,0.09,0.003) H; {0.03,0.22,0.07) (0.03,0.03,0.006)

Table 7: Showing the values forDs.

Dg Sy

5

Hy
H;

(0.03,0.10,0.01) (0.08,0.03,0.004)
(0.04,0.13,0.01) (0.11,0.04,0.01)
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#, (0.06,0.18,0.02) (0.15,0.05,0.01)
#, (0.02,0.06,0.01) (0.05,0.02,0.002)
M. (0.07,0.22,0.02) (0.19,0.07,0.01)

Step 2: Obtain the weighted matrices D1.D2.D3,D4 and Ds 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 valuesD1.

Table 9: Showing the weighted valuesDsz.

D, 5 5,

5 5

7, (0.0029,0.0005,0.890) {(0.003,0.008,0.840)

H, (0.0077,0.0014,0.804) (0.0005,0.0014,0.744)
7, (0.0158,0.0028,0.768) {(0.0014,0.0035,0.657)
7, (0.0010,0.0001,0.940) {0.0001,0.0003,0.911}
- (0.0153,0.0021,0.818) {(0.0010,0.0032,0.727)

Hy
H
Hy
Hy
Hs

{0.0008,0.0024,0.906) (0.0005,0.0008,0.952)
{0.0019,0.0061,0.847) (0.0010,0.0019,0.924)
{(0.0042,0.0117,0.804) (0.0021,0.0042,0.913)
{0.0003,0.0008,0.940) (0.0001,0.0003,0.968)
{0.0037,0.0114,0.858) (0.0021,0.0037,0.943)

Table 10: Showing the weighted valuesDs.

Table 11: Showing the weighted valuesDa.

Dy 5 5,

5 5

#, (0.0003,0.0027,0.906) (0.0005,0.0010,0.840)
H, (0.0010,0.0071,0.847) (0.0010,0.0024,0.744)
Hy (0.0014,0.0141,0.804) (0.0021,0.0049,0.675)
H, (0.0001,0.0010,0.949) (0.0001,0.0004,0.911})
H- (0.0016,0.0133,0.858) (0.0021,0.0048,0.743)

{0.0003,0.0027,0.915) {0.0003,0.003,0.864)

{0.0010,0.0066,0.858) (0.0010,0.0010,0.769)
{0.0014,0.0133,0.827) (0.0014,0.0021,0.699)
{0.0001,0.0008,0.949) (0.0001,0.0001,0.920)
{0.0016,0.0126,0.873) (0.0016,0.0016,0.770)

Table 12: Showing the weighted valuesDs.

Dg 8

5

7, (0.0008,0.0027,0.890) {(0.0021,0.0008,0.870})
7, (0.0019,0.0066,0.804) {(0.0055,0.0019,0.804)
7, (0.0042,0.0133,0.768) (0.0109,0.0035,0.732)
7, (0.0003,0.0008,0.940) {(0.0007,0.0003,0.920)
7 {0.0037,0.0126,0.818) {(0.0107,0.0037,0.790)

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

Dy,D,,D3,D, and Ds by using the Equations (59) and (60), as shown in the Tables 13 and 14,

respectively:

Table 13: Showing the values of NPPIS (5+)

Table 14: Showing the values of NPNIS (0 7)

o+ 3 3

5_

5y 5

7, (0.0029,0.0005,0.890}(0.003,0.0008,0.840)
7, (0.0077,0.0014,0.804)(0.0055,0.0010,0.744)

7, {0.0003,0.0005,0.915)(0.0003,0.0008,0.952)
H; {0.0010,0.0014,0.858)(0.0005,0.0010,0.924)
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Hy (0.0158,0.0028,0.768)(0.0109,0.0021,0.657) H; {0.0014,0.0028,0.827)(0.0014,0.0021,0.913)
7, {(0.0010,0.0001,0.940)(0.0007,0.0001,0.911) 7, {0.0001,0.0001,0.949)(0.0001,0.0001,0.968)
- (0.0153,0.0021,0.818)(0.0107,0.0016,0.727) - {0.0016,0.0021,0.873)(0.0010,0.0016,0.943)

Step 4: Calculate the CC by using the values of NPPIS and NPNIS D1,D2.D3.D4 and Ds by using the

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

Table 15: Showing the values of CC ((Ea‘+ and €47 for D1, Dz, D3, Dy and Dg

C,” C;~
D, 09999 0.9951
D, 09946 0.9999
D, 0.9997 0.9948
p, 09999 0.9957
D, 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 (¢a) values for D1,D2,D3,D, and Ds

D, %a, 0.98

D, %a, 0.018
Dy %a, 0945
D, %a, 0977
D; a; 0741

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

order: Fa1 = Fay = a3 = Gas = Ga,— Dy > Dy > D3 = Ds = Dy

Hence, based on a faculty evaluation analysis, 21 (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
(i) Use of a single set of parameters with
Das et al. [66] Neutrosophic Fuzzy B in'tuiti'v'e ﬁ'lzz.y values. , .
Set (if) 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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Muhammad et al.

[68]

Farooq
Sagqlain [69]

Chinnadurai
Bobin [20]

and

and

Neutrosophic Fuzzy
Soft Set

Single-Valued
Neutrosophic Fuzzy
Hyper-Soft Set

Neutrosophic
Hyper-Soft Set

Picture Fuzzy
Hyper-Soft Set

Interval-valued

(i)
(i)

(i)
(i)

(i)

(ii)

neutrosophic fuzzy values.

A subset of the universal set is the
approximate function.

Applying intuitionistic fuzzy values to
a single set of parameters that has
been  separated into  distinct
attribute-valued sets.

A neutrosophic set's subset is the
approximate function.

A subset of the neutrosophic set can be
considered as an approximate
function.

Truth membership, indeterminacy

membership, and falsity
membership values are all mutually
independent.

A portion of the picture fuzzy set can
be viewed as an approximate
function.

Relationships exist among positive
membership grades, neutral
membership grades, and negative
membership grades.

Have used multi-attribute functions.

Interdependencies in grades

between positive, neutral,

exist
and

Bobin et al. [70] Picture Fuzzy negative memberships from both
Hyper-Soft lower and upper ends, respectively.
(ii) Have used multi-attribute functions.
(i) A subset of the neutrosophic hypersoft
Neutrosophic set is an approximate function.

Proposed method

Picture Hyper-Soft
Set

(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

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



Neutrosophic Sets and Systems, Vol. 67, 2024 101

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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