ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/357323163

Matrix Theory for Neutrosophic Hypersoft Set and Applications in
Multiattributive Multicriteria Decision-Making Problems

Article in Journal of Mathematics - October 2021

DOI: 10.1155/2021/6666408

CITATIONS
0

2 authors:

M Naveed Jafar
‘ University of Management and Technology (Pakistan)

40 PUBLICATIONS 319 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et Call for Papers, Scientific Inquiry and Review (SIR), Volume 2, Issue 2 View project

poject  FUzZy Similarity using different Techniques View project

All content following this page was uploaded by Muhammad Saeed on 25 December 2021.

The user has requested enhancement of the downloaded file.

READS
a7

@ Muhammad Saeed
& University of Management and Technology (Pakistan)
142 PUBLICATIONS 905 CITATIONS

SEE PROFILE


https://www.researchgate.net/publication/357323163_Matrix_Theory_for_Neutrosophic_Hypersoft_Set_and_Applications_in_Multiattributive_Multicriteria_Decision-Making_Problems?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/357323163_Matrix_Theory_for_Neutrosophic_Hypersoft_Set_and_Applications_in_Multiattributive_Multicriteria_Decision-Making_Problems?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Call-for-Papers-Scientific-Inquiry-and-Review-SIR-Volume-2-Issue-2?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Fuzzy-Similarity-using-different-Techniques?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Naveed-Jafar?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Naveed-Jafar?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Management_and_Technology_Pakistan?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Naveed-Jafar?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Muhammad-Saeed-12?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Muhammad-Saeed-12?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Management_and_Technology_Pakistan?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Muhammad-Saeed-12?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Muhammad-Saeed-12?enrichId=rgreq-924651267740010e8e9fbc991d504aaf-XXX&enrichSource=Y292ZXJQYWdlOzM1NzMyMzE2MztBUzoxMTA0NzkzMDQwODk2MDAwQDE2NDA0MTQ1OTUwNTM%3D&el=1_x_10&_esc=publicationCoverPdf

Hindawi

Journal of Mathematics

Volume 2021, Article ID 6666408, 15 pages
https://doi.org/10.1155/2021/6666408

Research Article

Hindawi

Matrix Theory for Neutrosophic Hypersoft Set and
Applications in Multiattributive Multicriteria

Decision-Making Problems

Muhammad Naveed Jafar

and Muhammad Saeed

Department of Mathematics, University of Management and Technology, Johar Town C Block, Lahore 54000, Pakistan

Correspondence should be addressed to Muhammad Saeed; muhammad.saeed@umt.edu.pk

Received 16 December 2020; Revised 29 April 2021; Accepted 27 May 2021; Published 26 October 2021

Academic Editor: Parimala Mani

Copyright © 2021 Muhammad Naveed Jafar and Muhammad Saeed. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Decision-making is a complex issue due to the vague, imprecise, and indeterminate environment especially when attributes are
more than one and further bifurcated. To solve such types of problems, the concept of neutrosophic hypersoft set is proposed by
Smaranndache. In this paper, the primary focus is to extend the concept of neutrosophic hypersoft sets (NHSs) to the neu-
trosophic hypersoft matrices (NHSMs) with the essential study of matrices with suitable examples. Then, the analytical study of
some common operations for NHSM has been created. Lastly, decision-making issues have been presented by establishing a new
algorithm based on a score function, and it has been interpreted with the help of numerical example for the selection of teachers at
the college level. In this study, NHSM algorithm is elaborated efficiently and conveniently for optimal choice selection to solve

decision-making problems.

1. Introduction

In decision-making, among the multiattributive and mul-
tiobjective problems, in uncertain and vague environments,
it is difficult to differentiate valid from invalid and logical
from illogical. In these cases, decision makers get more
confused and uncertain. Zadeh developed fuzzy sets [1] to
deal with such type of information. Another issue in in-
formation is vagueness. Likewise, it is the type of uncertainty
where the investigators cannot’ separate between two unique
things, and to deal with vagueness, intuitionistic fuzzy sets
[2] are used. Later, Molodtsov [3] presents soft sets to
manage uncertainties and vagueness, and this research was
effectively applied in numerous applications such as game
theory, activity research, and probability [4]. Maji et al. [5, 6]
exhibited a logical study of the soft sets, which incorporates
every essential operators and property. The study was ex-
tended to fuzzy soft set [7] and intuitionistic softsets [8] to
deal uncertainity and vagueness. As a result, Smarandache

[9, 10] has presented the idea of neutrosophic sets, which is a
generalization of the crisp set, fuzzy set, and intuitionistic
fuzzy set.

In any case, from the philosophical perspective, truth-
ness, indeterminacy, and falsity of neutrosophic set always
lies in [0,1]. Maji [11] has extended the concept of a soft set
to neutrosophic soft set. The matrix representation and
aggregate operators of this idea were presented by Deli and
Broumi in [12]. Multicriteria decision-making MCDM
problems were solved by utilizing a neutrosophic soft set,
and many mathematicians have proposed their examination
work in various scientific fields by proposing TOPSIS,
VIKOR, etc. techniques, and this idea is likewise utilized in
advancing decision-making theories along with application
in the neutrosophic environment [13-17]. Akram et al.
[18-20] established group decision-making methods based
on hesitant N-soft sets, Pythagorean fuzzy TOPSIS, and
ELECTRIC I method in Pythagorean fuzzy information.
Garg [21, 22] had carried out lot of work related to decision-
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making problems using different tools relating to fuzzy,
intuitionistic, and neutrosophic theories. Mehmood et al.
[23, 24] used bipolar soft sets and spherical fuzzy sets for
decision-making problems. Sabbir and Naz [25] also worked
on bipolar soft sets.

Smarandache [26] displayed another strategy to manage
uncertainty by providing the extension of the soft set to the
hypersoft set and its hybrids, such as a fuzzy hypersoft set,
intuitionistic hypersoft set, and neutrosophic hypersoft set,
by changing the function into a multiargument function.

1.1. Motivation

(1) Multicriteria decision problems (MCDM) consist of
several attributes and indeterminacy. To deal with
such types, neutrosophic sets (NSs) are used because
(NSs) fully deal with indeterminacy, whereas to deal
with vagueness and uncertainty, neutrosophic soft
sets (NS’s) are used. However, when attributes are
more than one and further bifurcated, the concept of
neutrosophic soft set (NSs) cannot be used to tackle
such issues. There was a dire need to define the new
environment. For this purpose, the concept of
neutrosophic hypersoft set (NHSS) was proposed by
[27]. Matrices are more reliable, logical, and practical
for the decision makers and play an important role in
understanding, modeling, and solving the MCDM
problems.

(2) how MCDM problems can be represented in the
matrices’ form consisting of more than one attribute,
which is further bifurcated? The answer to this
question leads us to develop the matrix theory by
combining the concept of NHSS and soft matrix
theory and, hence, the motivation of the present
study.

(3) In this exploration, the primary focus is to extend the
neutrosophic hypersoft set (NHSS) concept to the
neutrosophic hypersoft matrices (NHSM) by the
essential study of matrices. This study helps us apply
all the definitions, operators, and properties of
matrices to NHSS and decision-making problems,
especially when attributes are more than one and
further subdivided.

Section 1 contains an introduction about soft set, neu-
trosophic soft set, hypersoft set, and neutrosophic hypersoft
sets. Section 2 deals with mathematical preliminaries, which
will be used in the rest of the paper. In Section 3 the concept
of NHSM has been discussed broadly with definitions and
suitable examples. In Section 4 basic operators of NHSM are
proposed along with their properties. In Section 5, a deci-
sion-making algorithm has been developed with the help of
score function and it is applied in the selection for the hiring
of teachers. This algorithm is briefer and more accurate
rather than others, and Section 6 contains some comparison
in Table 7 with the existing techniques of Hashmi et al. [28],
and finally, we will discuss the conclusion of the research

paper.
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2. Preliminaries

In this section, we present some definitions which will help
understand the rest of the article.

2.1. Soft Set [6]. Let % be the universal set and & be the set of
attributes with respect to . Let (%) be the power set of %
and AC&. A pair (¥, ) is called a soft set over %, and its
mapping is given as

F:d — P(U). (1

It is also defined as

(2)

(F/«jg{):{ F(e) € P(U) }

ec& Fe)=ife+d

2.2. Neutrosophic Soft Set [11]. Let % be the universal set and
& be the set of attributes with respect to %. Let (%) be the
set of neutrosophic values of % and &/ € &. A pair (F, ) is
called a neutrosophic soft set over %, and its mapping is
given as

F: o — P(U). (3)

2.3. Hypersoft Set [21]. Let % be the universal set and
P (U)be the power set of %. Consider £',6%,¢%,...,¢", for
n>1, and let n be well-defined attributes, whose corre-
sponding attributive values are, respectively, the set
PP, L with NP =@, for i#j and
i,je{1,2,3,...,n}; then, the pair (F, L' xL*x
F3,..., L") is said to be hypersoft set over %, where

F LKL L L P(U). (4)

2.4. Neutrosophic Hypersoft Set [23]. Let % be the universal
set and P (%) be the power set of %. Consider
ey, e2, 0%, ..., for n>1; let n be well-defined attributes,
whose corresponding attributive values are, respectively, the
set P, L1LPP, ., L with 'NFV =3, for i+ and
i,je{l,2,3,...,n}, and their relation
P L L, .., L = S; then, the pair (F, §) is said to
be neutrosophic hypersoft set (NHSS) over %, where

FL'xXLxL L — P,
F(L' <L x L., 2") (5)
={{x, T(F (), I (F (), F(F (), x € U},

where I is the membership value of truthiness, ,# is the
membership value of indeterminacy, and & is the mem-
bership value of falsity such that 7, 7, #: % — [0, 1] also
0<T(F()+ F(F(S)+F(F(S)<3.
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3. Neutrosophic Hypersoft Matrix (NHSM)

In this section, we have introduced some definition with
suitable examples.

3.1. NHSM. Let % = {u',u? ..., u*} and P (%) be the
universal set and power set of universal set, respectively; also,
consider £, %,, ..., Zp, for f>1, where 8 is well-defined
attributes, whose correspondmg attributive values are, re-
spectlvely, the set 29,5, .. »Z; and their relation

SZ“XSZ X oo X FE whereabc,...,z:l,Z,...,n;then,
the pair (J' 8“ X gb - x &%) is said to be neutrosophic
hypersoft set over % where F (Lx P x-x Z5)
—> P (%) and it is defined as F (£ x .Sfb - X .Sflz;) =

{<u To(u),Ig(u),Fg(u)hu € %, € (7 x :zb x
)} Table 1 represents the tabular form of NHSS Rg.
If 5[92 (o, 3]‘) where i=1,2,3,.

oc,]—l,23 B, andk—abc,...,z, then a matrix is
defined as
Oy Oy ... Oy
Oy Oy ... Oy
[Ol]]axﬂ = > (6)
Ou Oy --- Ogg
where Oy = (Tt (), It (1), F s (1), € U, L

€ (LIXLEx X L) = (T i Tiipo Fi):

Thus, we can represent any neutrosophic hypersoft set in
terms of a neutrosophic hypersoft matrix (NHSM), and it
means that they are interchangeable.

Example 1. Teachers’ recruitment problem (TRP) is the
most complex and absurd task. There is no fixed and fab-
ricated design to know their subject knowledge or peda-
gogical skills. Therefore, decision makers find themselves in
a blind alley. Consequently, based on their own knowledge
and experience, they select a person who does not meet the
institutional requirement. Thus, TRP is typically a multi-
criteria decision-making MCDM problem.

F (ot} x oy x ol x o)
F((ot} x ol x ol x ol}) = F (Mphill, Syr, male, 3)

={ <", (Mphill{0.5,0.3,0.6}, 5yr{0.3,0.4,0.7}, male{0.5,0.6, 0.9}, 3{0.6,0.4,0.5}) >,

Assumptions:

(i) Independent attributes are considered
(ii) Everyone attends the interview

(iii) Hesitant environment is not yet considered

Formulation of the Problem. Let us consider an institute that
wants to hire a teacher appropriate to its requirements, and
they received the following statistics-based CVs. Let % be the
set of candidates for the teaching at the college level:

u={7",9°95°5"7°). (7)

Also, consider the set of attributes as
&/, = Qualification,
o, = Experience,
5 = Gender,
4, = Publications.

(8)

Parameters:

(i) T, =universal set of teachers, wherei =1,2,3,4,5

(ii) A; =attributes, wherei = 1,2,3,4 that are further
categorized into the following:
(iii) o7 = qualification
(iv) o/{ = {BS Hons., MS/Mphill, Phd, Post Doctorate}
(v) % = experience = {5yr, 8yr, 10yr, 15yr}
(vi) &5 = gender = {Male, Female}
(vii) &YZ = publications = {3, 5, 8,10+}
Let the function be F: A% x o8 x A5 x A% — P(U)
Below are Tables 2-5 of their neutrosophic values
assigned by different decision makers.
The neutrosophic hypersoft set is defined as

F: (e} x ol x dl x al) — P(U). (9)

Let us assume

= % (Mphill, 5yr, male, 3) ={7", 7%, 5, 7},

(10)

2, (Mphill{0.3,0.2, 0.1}, 5yr{0.6, 0.5, 0.3}, male{0.7, 0.8, 0.3}, 3{0.7,0.5,0.3}) >,

F* (Mphill{0.7, 0.3, 0.6}, 5yr{0.6, 0.4, 0.8}, male{0.8, 0.5, 0.4}, 3{0.6,0.2,0.1}) >,

7° (Mphill{0.5, 0.4,0.5}, 5yr{0.3, 0.6, 0.7}, male{0.9,0.2,0.1}, 3{0.4,0.5,0.3}) > ,}.

Then, a neutrosophic hypersoft set of above-assumed
relation in the tabular form is represented in Table 6.
And, its matrix is defined as
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TaBLE 1: Matrix representation of NHSS.

8 Z Z5
' L g, (W', £1) L, (', Z3) X o, (1, L)
w L, (W, Z7) L g, W, Z3) L, (2, L5)
u L g, W L) L g, (u®, L5) L g, W%, Z5)

TaBLE 2: Decision makers will assign neutrosophic numbers to each candidate T; against qualification.

4l (qualification) gl g? g3 gt g>
BS Hons. (0.4,0.5,0.8) (0.7,0.6,0.4) (0.4,0.5,0.7) (0.5,0.3,0.7) (0.5,0.3,0.8)
MS/MPhil. (0.5,0.3,0.6) (0.3,0.2,0.1) (0.3,0.6,0.2) (0.7,0.3,0.6) (0.5,0.4,0.5)
Ph.D. (0.8,0.2,0.4) (0.9,0.5,0.3) (0.9,0.4,0.1) (0.6,0.3,0.2) (0.6,0.1,0.2)
Post doctorate (0.9,0.3,0.1) (0.5,0.2,0.1) (0.8,0.5,0.2) (0.8,0.2,0.1) (0.7,0.4,0.2)

TaBLE 3: Decision makers will assign neutrosophic numbers to each candidate T; against experience.

szi'z’ (experience) g! g? g3 g* g?
5yr. (0.3,0.4,0.7) (0.6,0.5,0.3) (0.5,0.6,0.8) (0.6,0.4,0.8) (0.3,0.6,0.7)
8yr. (0.4,0.2,0.5) (0.8,0.1,0.2) (0.4,0.7,0.3) (0.4,0.8,0.7) (0.7,0.5,0.6)
10yr. (0.7,0.2,0.3) (0.9,0.3,0.1) (0.8,0.3,0.2) (0.5,0.4,0.3) (0.5,0.2,0.1)
15yr. (0.8,0.2,0.1) (0.6,0.4,0.3) (0.9,0.4,0.1) (0.6,0.2,0.3) (0.5,0.3,0.2)
TaBLE 4: Decision makers will assign neutrosophic numbers to each candidate T; against gender.
a5 (Gen de r) g! g? g3 gt g°
Male (0.5, 0.6, 0.9) (0.7, 0.8, 0.3) (0.6, 0.4, 0.3) (0.8, 0.5, 0.4) (0.9, 0.2, 0.1)
Female (0.6, 0.4, 0.7) (0.3, 0.6, 0.4) (0.8, 0.2, 0.1) (0.4, 0.5, 0.6) (0.8, 0.4, 0.2)
TaBLE 5: Decision makers will assign neutrosophic numbers to each candidate T; against publication.
% (publication) z T! T? T3 Tt T°
3 — (0.6, 0.4, 0.5) (0.7, 0.5, 0.3) (0.6, 0.4, 0.3) (0.6, 0.2, 0.1) (0.4, 0.5, 0.3)
5 — (0.8, 0.2, 0.4) (0.7, 0.3, 0.2) (0.8, 0.3, 0.1) (0.3, 0.4, 0.5) (0.3, 0.5, 0.8)
8 — (0.5, 0.3, 0.4) (0.6, 0.3, 0.4) (0.5, 0.7, 0.2) (0.8, 0.4, 0.1) (0.7, 0.4, 0.3)
10+ — (0.4, 0.9, 0.6) (0.8, 0.4, 0.2) (0.2, 0.6, 0.5) (0.7, 0.5, 0.2) (0.6, 0.4, 0.7)
TaBLE 6: The tabular form of the above relation.
o o 5 Gl
! (Mphill, (0.5,0.3,0.6)) (5yr, (0.3,0.4,0.7)) (male, (0.5,0.6,0.9)) (3, (0.6,0.4,0.5))
T (Mphill, (0.3,0.2,0.1)) (5yr, (0.6,0.5,0.3)) (male, (0.7, 0.8,0.3)) (3, (0.7,0.5,0.3))
g (Mphill, (0.7,0.3,0.6)) (5yr, (0.6,0.4,0.8)) (male, (0.8,0.5,0.4)) (3, (0.6,0.2,0.1))
T* (Mphill, (0.5,0.4,0.5)) (5yr, (0.3,0.6,0.7)) (male, (0.9,0.2,0.1)) (3, (0.4,0.5,0.3))

[O

(Mphill, (0.5,0.3,0.6))
(Mphill, (0.3,0.2,0.1))
(Mphill, (0.7,0.3,0.6))
(Mphill, (0.5,0.4,0.5))

]4><4 =

(5yr, (0.3,0.4,0.7)) (male, (0.5,0.6,0.9)) (3, (0.6,0.4,0.5))
(5yr, (0.6,0.5,0.3)) (male, (0.7,0.8,0.3)) (3, (0.7,0.5,0.3))

(5yr, (0.6,0.4,0.8)) (male, (0.8,0.5,0.4)) (3, (0.6,0.2,0.1)) '

(11)

(5yr, (0.3,0.6,0.7)) (male, (0.9,0.2,0.1)) (3, (0.4,0.5,0.3))



Journal of Mathematics

3.2. Square NHSM. Let O = [O .] be the NHSM of order
a X 3, where O;; = (7Uk, fjk, k) Then, O is said to be
square NHSM if a = 8. It means ‘that if an NHSM has the
same number of rows (attributes) and columns (alterna-

tives), it is a square NHSM.

Example 2. Above defined Example 1 is also the example of
square NHSM.

3.3. Transpose of Square NHSM. Let O = [O;;] be the square
NHSM of order a x B, where O;; = (77, 7 F7y)s then,

O' is said to be transpose of square NHSM if rows and
columns of O are interchanged. It is denoted as

O =[O0y =(T 5o o Fi) =(T 0 o F0) =105
(12)

Example 3. Transpose of the matrix define in Example 1 is
given as

(Mphill, (0.5,0.3,0.6)) (Mphill, (0.3,0.2,0.1)) (Mphill, (0.7,0.3,0.6)) (Mphill, (0.5,0.4,0.5))

(5yr, (0.3,0.4,0.7))
(male, (0.5,0.6,0.9))
(3, (0.6,0.4,0.5))

[O]ix4 =

3.4. Symmetric NHSM. Let O [O J] be the square NHSM
of order a x 3, where O;; = o jl]k, 91]k) then, O is said
to be symmetric NHSM 1fl 0'=0, 'ie, (I T F G

0 )
1]k) - ('J]kz’ jki’gjki)'

3.5. Scalar Multiplication of NHSM. Let O = [O;;] be the
NHSM of order a x 3, where O;; = (77, F 7 Fy) and s

(5yr, (0.6,0.5,0.3))
(male, (0.7,0.8,0.3))
(3, (0.7,0.5,0.3))

(5yr, (0.6,0.4,0.8))
(male, (0.8,0.5,0.4))
(3, (0.6,0.2,0.1))

(5yr, (0.3,0.6,0.7))
(male, (0.9,0.2,0.1))
(3, (0.4,0.5,0.3))

(13)

be any scalar then the product of matrix O and a scalar s is a
matrix formed by multiplying each element of matrix O by s.
It is denoted as sO = [SOij], where 0<s<1.

Example 4. Let us consider a NHSM [O],,4:

(Mphill, (0.5,0.3,0.6)) (5yr, (0.3,0.4,0.7)) (male, (0.5,0.6,0.9)) (3, (0.6,0.4,0.5))

(Mphill, (0.3,0.2,0.1)) (5yr, (0.6,0.5,0.3)) (male, (0.7,0.8,0.3)) (3, (0.7,0.5,0.3))
(Mphill, (0.7,0.3,0.6)) (5yr, (0.6,0.4,0.8)) (male, (0.8,0.5,0.4)) (3, (0.6,0.2,0.1)) |

[ ]4><4 =

(14)

(Mphill, (0.5,0.4,0.5)) (5yr, (0.3,0.6,0.7)) (male, (0.9,0.2,0.1)) (3, (0.4,0.5,0.3))

And, 0.1 is the scalar; then, scalar multiplication of
NHSM [O],,, is given as

(Mphill, (0.05,0.03,0.06)) (5yr, (0.03,0.04,0.07)) (male, (0.05,0.06,0.09)) (3, (0.06,0.04,0.05))
(Mphill, (0.03,0.02,0.01)) (5yr, (0.06,0.05,0.03)) (male, (0.07,0.08,0.03)) (3, (0.07,0.05,0.03))
(Mphill, (0.07,0.03,0.06)) (5yr, (0.06,0.04,0.08)) (male, (0.08,0.05,0.04)) (3, (0.06,0.02,0.01)) |
(Mphill, (0.05,0.04,0.05)) (5yr, (0.03,0.06,0.07)) (male, (0.09,0.02,0.01)) (3, (0.04,0.05,0.03))

[(0.1)O] 44 =

(15)

Proposition 1. Let O = [O; ] and M = ()] be two
NHSM, where Oy = (T Iiyo Fiy) and .%1]—( l]k,

Proof
() $(10) = 5[10,] = S[(1T 401755155, =

M
T o F i) [(ET o 5t 77 EFO] = (T o 70 F01 =
st[OU]/ (st)O
For two scalars s,t € [0, 1], then (i) Slnce gfk’ ;’ G‘?]kofo (0,1], so 5,719 <t 2
(i) s(tO) = (st)O ;]k Stf,]k,s Tk SEF Tk
(ii) If s <t, then sO <tO (iii) Now, = [s0; ] _ [(S‘szﬂa j;‘)jk’sg?jk)] <

(iii) If OC, then sOCs. (T T f,]k,t%:’]k)] [0 ij] = 1O
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(iv) Ocll = [O;] < [ )] (ii) Since Of € NHSM,,4, s0 (0 € NHSM,, ;. Now,
t o 0 o t)
Y (0) =<[(9ijk’jijk’ Fiie)] )
o‘ G"O o
‘j ljk’j1]k<j1]k’ 1]k—‘/(ijk ([( j )])t (18)
G &0 jki> & jki> ]kz
=57 ijk <S'/ ijk> jz]k—sjzjk’&fz]kzsgzjk
(16) = [(Jijk’fijk)*/'ijk)] =0.
=>S[Oij] gs[ﬂ,-j]
=sOCsH. (iii) proved with the help of example. O
O

Theorem 1. Let O = [Oij] be the NHSM of order axf3, 3.6. Trace of NHSM. Let O = [O,-j] be the square NHSM of

where O;; = (T {0 I 1o F i) Then, order a x 3, where O;; = (7 7y, /7o F13) and a = B. Then,
(i) (sO)' = sO, where s € [0,1] trace of NHSM is denoted as tr(O) and is defined as
(ii) (Ot)t -0 tr(O) = Zz 1Lk= a[ ik («juk nk)]

(iii) IfO = [Oy;] is the upper triangular NHSM, then O' is

lower triangular NHSM and vice versa Example 5. Let us consider a NHSM [O],,:

Proof

(i) Here, (sO)',sO' € NHSM,4, so
(s0)' = [(SJ,,k’Sf,]k,sgle)]
= (67 s 575
= s[(T 5 I 5k Fis)|
AT ] =50

(17)

(Mphill, (0.5,0.3,0.6)) (5yr, (0.3,0.4,0.7)) (male, (0.5,0.6,0.9)) (3, (0.6,0.4,0.5))
ol (Mphill, (0.3,0.2,0.1)) (5yr, (0.6,0.5,0.3)) (male, (0.7,0.8,0.3)) (3, (0.7,0.5,0.3)) 19
41 (Mphill, (0.7,0.3,0.6)) (5yr, (0.6,0.4,0.8)) (male, (0.8,0.5,0.4)) (3, (0.6,0.2,0.1)) |

(Mphill, (0.5,0.4,0.5)) (5yr, (0.3,0.6,0.7)) (male, (0.9,0.2,0.1)) (3, (0.4,0.5,0.3))

Then, tr (O) = (0.5-0.3-0.6) + (0.6 —0.5-0.3) Proposition 2. Let O = [O ]] be the square NHSM of order
+(0.8-0.5-0.4)+ (0.4—-0.5-0.3) = —1.1. a x 3, where O;; (9’f]k,jl]k,%uk) anda = . s be any
scalar then tr(sO) = str(O).
Proof.
o,z o,z
tr (SO) Sjnk + Sguk)] S nk nk + g?zk)] = str (O) (20)
i= lk:a i= lk:a
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3.7. Max-Min Product of NHSM. Let O [OJ] and A =
[.ﬂ ] be two NHSM where O;; = (7 l]k, Uk’ Uk) and

im= (T oI ]km) Then, O and A are said to be
onformabl’ if t{1e1r dimensions are equal to each other
(number of columns of O is equal to number of rows of ./ ).

Ifl? N [Oij]aXﬁ and M = [ﬂjm]ﬁxy’ then O® .4 = [&im]“xy’
where
(5] = max m1n(J ,]k,]]km) min max(ffjk,]ﬁfm),
" min j; max(?fjk, gj/ilm) .
(21)

t S S S
(O®ﬂ) = (9km1’ ]kml’ cvkml)yXa

s (M Gro . M 0
< max mln(J mjk> jk,-), min j max(fmjk, fjk,-)> )
yXa

; gl Z0
mmjk maX(ijk, */'jki)

M M M 0 0 0 t t
(gm]k’jmjk’gmjk)yxﬁ®(9jki’jjki’gjki)ﬁxa =M 0.

3.8. Operators of NHSMs. Let O = [0;;] and M = [M;;] be

[O;
(gf jz]k"fljk) and

two NHSM,  where
My = (T 50 T Fii)- Then
(i) Union:

ou =S, (24)

where 9fk—rsnax(57,]k, o]k) f,]k (I +
jl]k)/Z) and F = min(F7y, F l]k)

(ii) Intersection:

onud =S, (25)
where
s Yot/A
Tij = min(T 0 T i),
0 M
7o (fijk + fijk) (26)
ijk 2 >

s _ M
gijk - max(gzjk’ gt]k)

(iii) Arithmetic mean:

O =S, (27)

where

Theorem 2. Let O = [O ]axﬁand M =
NHSM, where Oy; = (T {y Iy F i) and M
j]km’ ]km) Then’
(OeM) =40
Proof. Let  O® M = [§1m]axy’ then,
[é’mgyxa, o' =[O0 il o and /' = (A 1)y
ow,
Y4
e (9?jk * gijk)
ijk 2 >
M
oo (i + Tii)
ijk 2 >
0 M
()
ijk 2 .
(iv) Weighted arithmetic mean:
oo = S,
where
10 2 M
. (w F/'Uk+w F/'ijk)
ijk = >
w' +w?
1 2
oo (w' Fi + ' i)
ijk = W+ w0 ’
1
g - (w 970k +w J«Uk)
ij

w+w

(v) Geometric mean:

oo =8,

where

[ﬂﬂn]ﬁw

be two
( ]km >

(22)

(Oe) =

(23)

(28)

(30)

12
cw L, w >0,

(31)
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T fgo g (viii) Weighted harmonic mean:
ijk — ijk " ijko
o M = S, (37)
j?jk = \[f,‘ojk'fé”k: (32)
P P where
ijk = ijk * Zijk W'+ W
915 = ,
(vi) Weighted geometric mean: i (wl/ T :‘ij) +(w2/ T Z%k)
oo =S, (33) 1 2
s w +w
Fijk =71 (38)
where (w /jth) (w /jljk)
wlw? w! i w? 1 2
Tijk = \/(9fjk) (T Fi = wrw
wliw2 w! U N\W? (w /gl]k) (w /gl]k)
Fije = \/(fijk) (F5) (34)
wl+w2 ! w?
g;jk = \/(97?1-1{)“} : (972/11{) > Proposition 3. Let O = [O; ] and M = [M;;] be two
wl w2>0 ;I/ZSAg‘%g/here Oz] = (szk’ 1]k’ 1]k) and ‘%1] - ( z]k’
’ ’ ijk> 7 ijk
! Yher;,
(vii) Harmonic mean: ,
Oodl - S () (Qu) =0 vt
ol =S (35) (ii) (ON.dL) = O .4t
where (iii) (O@M)' = O'e.M"
o (iv) (0¥ M) = O'e "
i & (v) (Oo.) =0 o.M
T ijle T ijk (vi) (Oo¥.M)' = O o¥M"
270 7 (vii) (Ool)' = Otol*
T = o (36) (viii) (O“.M)" = O'e“. M
Lije + Fijk
. 2FLT Proof. (i)
ik = o A
! gz]k + e9:th
t
o ;)' +jl“ 0
(Ou) = [( O‘z]k’ l]k) M’ mm(g kgﬁ))}
o (j(?ki + j/ilz) . 0 /A
[( 7 ki ]kz) % m1n(£“¥ jkir T jki)
(39)

=[50 750 F50) 1V (i i F )]

= (74 7 7)) V(T 750 7))

=0'ua'.

Remaining parts are proved in a similar way. O
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Proposition 4. Let O = [0;;] and M = [M;;] be two upper (iii) (O@.M)° = O°@.M°
trzangularﬂNHSM /Ilwhere O;; (Fffk, fk, lk) and (iv) (0&”.M)° = O%e.u°
(ylk’fl]k’glk) Then) (OUﬂ) (Oﬂﬂ) (06'%) (V) (O@ﬂ)O_OOQ%O
(OGB“’/%) (OO.%) and (O™ M) are all upper triangular . 0_ o o
NHSM and vice versa. (vi) (O M)~ =0O% oM
(vii) (OeMl)® = O°eu®
Theorem 3. LCEEO :O[Oij]o and M = [/%U] be two NHSM, (viii) (O M)° = O°®.M°
Whe;_‘;loij = (T Lo Fin) and Mij = (T ka’ z]k’ z]k)
en,
G) (Ou.)° =0°nu® Proof. (i)
(i) (On)° =0°u.u®
_ 10
1 jl
(Ou.)° = <max(9 o T C”k)(]kzijk) min( 9“”?’2))
_ . o :
. o ol (fi'k"'fi'k) 0 M
= <m1n(97i].k, fijk),%, max(gijk, 9i]-k)
' ] (40)
o 0 o foeY/A M M
(gz]k’jijk’gijk) n ('/'ijk’fijk’ ‘Cjijk)
o o o \© M YA AN
=('°7ijk>fijk’fijk) n(gijk’jijk"/'ijk)
=0%n.u’®.
Remaining parts are proved in a similar way. O (iv) (08" M) = (M&"O)
Th 4. Let O = [O,] and .M = [M,;] be two NHSM, () (O0.) = (£©0)
eorem et il an = ;] be two
l] l] ; w — w
where Ol] — ('jljk’ ?jk’g?jk) and ‘ﬂij = (g z]k’jéﬂk’ aéﬂk) (vi) (O0YM) = (M o¥O)
Then, (vii) (Ool) = (M20)
(i) (OU.M) = (MUO) (viii) (0¥ M) = (M2*O)
(ii) (ONM) = (M NO)
(iii) (O M) = (M & O) Proof. (i)
[ T+ ]i/‘%k .
(ou.) = <max(9fjk, T i) % min(F 5y, Fi )
r M 0
/A (jz ik T ji ‘k) . /A
<max(7ijk, gfjk),%, mln(f%”ijk, Fifjk) (41)

M
(g
=(T e

= (M UO0).

Remaining parts are proved in a similar way.

ji/j%k’ géﬂk) U( Uk’juk"/’l]k)
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Theorem 5. Let = [O,-]-], = [/llj] and N = [.% 1be
NHSM, where Oy; = (T (o Il Fiy)r Mij= (T ,]k)fljka
1]k) and Nij = ( IJk’jljJVk’ GVI/JVk) Then,
(i) (QuUHYVN =0U (MU N)
(i) (OnA)NN =0N (MNN)

(OUM)UN = (max(&‘fjk,J,Jk)

2

7(07% jl}k) min(FF’. 972/,1())

0 M N
(jijk +jijk +jijk) m

Journal of Mathematics
(iii) (Oe M) N +O (M N)

(iv) (OoM)oN +06 (MoN)
v) (QoM)oN +0e (MaN)

Proof. (i)

] (72 70 722)]

o M N
= (max(gijk’jijk>gijk)>

(S5 + T+ Fiie)

3

O oM ol
= <max(gijk’gijk’9ijk)’

ijk> 7 ijk> i U T
=(T 0 i Fii) [(maX(J

M ol

( le’lek’ l]k)U ((9Z%kf

=0OU (AHUN).

Remaining parts are proved in a similar way. O

Theorem 6. Let = [O ,]] = [/llj] and N = [.% 1be
NHSM, where O;; (9;’]k, G F i) M = (T4

l]k’jl]k’
N and N —(9 ¥ F). Then,
1]k ij ijk> & ijk> 1]k

Gon(#eN)=(OnA)s (ONN)

ik ijk

R ),7(jﬁ i ji/ﬁ(), min(?ﬂ F >:|

3 ijk> 7 ijk> (42)

, min(?i.o. F &‘“ﬁ))

Fi3) V(T Tio Fiie))

(ii) (O®.M)NN =
(iii) OU (M & N) =
(iv) (O® M)V N =

OnN e (MnN)
(OUu)® (OUN)
QU@ (MUN)

Proof. (i)

ON (MeN) =(T 3o I Fiie 5

>

2 2

(570, 02 280 o5 -]

2

gl | N 0
T+ T I
= {(I 1in<9?jk,( ik 11k)>)( ik

s

2

(75 + 75)72) + ((Fi + 7i3e)2)

_ min (glc])k +Jijk) (Jl]k+‘/1]k)
= i 5 . 5 ,
o 71280 250\

2 2

0 M
= |:<min(9fjk, 93%,(),@, max(

2

(flujk +ji/;<)

@{(min(gfjk,gi/};{), I 5

, max(

(7 73)2)) mw{(yw) >]
),

2

(43)

0 M
)

0 N
‘O;ijk’ gijk) >]

= (T3 Ziio F15) 0 (T T F i) [T P F5) 0 (T o o i)

=(Onus)s (ONN).
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The remaining parts are proved in a similar way. [

4. Neutrosophic Hypersoft Matrix (NHSM) in
Decision-Making Using Score Function

Suppose that some decision makers wish to select from «
number of objects. Each object is further characterized by f3
number of attributes, whose respective attributes form a
relation just like NHSM. Each decision makes different
neutrosophic values to these respective attributes. Corre-
sponding to these neutrosophic values for the required
relation, we get a NHSM of order a x . From this NHSM,
we calculate values’ matrices, which help to obtain a score
matrix. And, finally, we calculate the total score of each
object from the score matrix.

Value matrices are the real matrices that obey all the
properties of real matrices. Score function is also a real
matrix which is obtained from two or more value matrices.
Definition 1. Let O [O;;] be the NHSM of order axj3,
where O;; (T 0 Il @0 «); then, the value of matrix O is
denoted as W(Oi an 1t is eﬁned as 7' (0) = [‘WO] of order
ax B, where? T g = I —F iy The score of two
NHSM O = [OJ] and M = [.ﬂ] of[ order a x f3 is given as
SO, /%) =7 (0)+7 (M) and S (O, M) = [S;;], where
S =79+ %/” The total score of each object in universal
set is |Zh_1 cS’lJI

Algorzthm is graphically represented with Figure 1.

Step 1: construct a NHSM as defined in Section 3.1.

Step 2: calculate the value matrix from NHSM. Let O =
[Oij] be the NHSM of order axp, where
= (T o Figo F i) then, the value of matrix O is

11

Step 3: compute the score matrix with the help of value
matrices. The score of two NHSM O = [O,-j] and A =
[M;;] of order and axpf is given as §(O,. %)
=7 O)+7 (M) and SO, H)= [é’ij], where
Sy =V+7.

Step 4: compute the total score from the score matrix.
The total score of each object in the universal set is
3Ll

Step 5: find the optimal solution by selecting an object
of maximum score from the total score matrix.

4.1. Numerical Example. Teachers’ recruitment problem
(TRP) is the most complex and absurd task. There is no fixed
and fabricated design to know their subject knowledge or
pedagogical skills. Therefore, decision makers find them-
selves in a blind alley. Consequently, based on their own
knowledge and experience, they select a person who does not
meet the institutional requirement; thus, TRP is typically a
multicriteria decision-making MCDM problem.
Assumptions:

(i) Independent attributes are considered
(ii) Everyone attends the interview

(iii) Hesitant environment is not yet considered

Formulation of the Problem. Let us consider an institute that
wants to hire a teacher appropriate to its requirements, and
he received the following statistics-based CVs. Let % be the
set of candidates for the teaching at the college level:

denoted as 7 (0), and it is defined as 7' (0) = [78] of
order a x 3, where%O =T g = o ~F e
9/ = {9‘1,9‘2,9]3, gt g% g% g7 g% g0 g0 gl g2 13 914,915}. (44)
Also, consider the set of attributes as (ii) &/ = {BS Hons., MS/Mphill, Phd, Post Doctorate}
_ Qualification (iii) o/ = Experience = {5yr, 8yr, 10yr, 15yr}
o —F ) ’ (iv) o5 = Gender = {Male, Female}
2 = BXperience, (45) (v) /% = Publications = {3,5,8, 10+}

95 = Gender,
9, = Publications.

Parameters:

T, = universal set of teachers, wherei =1,2,3,4,5
A,; =attributes, wherei = 1,2, 3,4 that are further cat-
egorized into the following:

(i) &{ = Qualification

The function F: o/ x Mb X A5 % szid —> P(%).

Let us assume the relatlon F ( (] x &ib x 95 x ,Qfd) =
& (Mphill, 5yr, male, 3) which is the actual requirement of
college for the selection of candidates.

Four candidates {72, 7%, 7%, 7'} are shortlisted on the
basis of assumed relation, i.e., (Mphill, 5yr, male, 3).

A jury of two members {A, B} is set for the selection of
shortlisted candidates. These jury members give their
valuable opinion in the form of NHSSs separately as
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Find optimal
solution by
. selecting an

) objectof |
maximum
score

Compute
score
matrix

Calculate
value

Compute
total score

FiGUure 1: Flowchart of the proposed algorithm.

A =  (Mphill, 5yr, male, 3)
={ <« 77, (Mphill{0.5,0.3,0.6}, 5yr{0.3,0.4,0.7}, male{0.5, 0.6, 0.9}, 3{0.6, 0.4, 0.5}) >,
< 7°, (Mphill{0.3,0.2,0.1}, 5yr{0.6, 0.5, 0.3}, male{0.7, 0.8, 0.3}, 3{0.7, 0.5, 0.3}) >,
< 7 (Mphill{0.7, 0.3, 0.6}, 5yr{0.6, 0.4, 0.8}, male{0.8, 0.5, 0.4}, 3{0.6,0.2,0.1}) >,
< 7™, (Mphill{0.5,0.4, 0.5}, 5yr{0.3,0.6, 0.7}, male{0.9,0.2,0.1}, 3{0.4,0.5,0.3}) > .},
B = & (Mphill, 5yr, male, 3) (4
={ <77, (Mphill{0.8,0.1,0.2}, 5yr{0.7, 0.4,0.3}, male{0.4, 0.6, 0.3}, 3{0.5,0.3,0.5}) >,
< 7°, (Mphill{0.8, 0.2, 0.1}, 5yr{0.7, 0.4, 0.3}, male{0.8, 0.2, 0.1}, 3{0.9,0.3,0.2}) >,
< 7% (Mphill{0.5,0.3, 0.4}, 5yr{0.7, 0.3, 0.2}, male{0.9, 0.2, 0.1}, 3{0.4,0.2,0.7}) >,

<™, (Mphill{0.7,0.4,0.2}, 5yr{0.2, 0.4, 0.7}, male{0.7, 0.2, 0.1}, 3{0.6, 0.3, 0.4}) > ,}.

Let us apply the above define algorithm for the calcu- Step I (construction of NHSM):the above two NHSSs
lation of total score. are given in the form of NHSMs as

[ (Mphill, (0.5,0.3,0.6)) (5yr, (0.3,0.4,0.7)) (male, (0.5,0.6,0.9)) (3, (0.6,0.4,0.5))
(Mphill, (0.3,0.2,0.1)) (5yr, (0.6,0.5,0.3)) (male, (0.7,0.8,0.3)) (3, (0.7,0.5,0.3))

(Mphill, (0.7,0.3,0.6)) (5yr, (0.6,0.4,0.8)) (male, (0.8,0.5,0.4)) (3, (0.6,0.2,0.1)) ’
| (Mphill, (0.5,0.4,0.5)) (5yr, (0.3,0.6,0.7)) (male, (0.9,0.2,0.1)) (3, (0.4,0.5,0.3)).]
[ (Mphill, (0.8,0.1,0.2)) (5yr, (0.7,0.4,0.3)) (male, (0.4,0.6,0.3)) (3, (0.5,0.3,0.5))

(47)

(Mphill, (0.8,0.2,0.1)) (5yr, (0.7,0.4,0.3)) (male, (0.8,0.2,0.1)) (3, (0.9,0.3,0.2))
(Mphill, (0.5,0.3,0.4)) (5yr, (0.7,0.3,0.2)) (male, (0.9,0.2,0.1)) (3, (0.4,0.2,0.7)) |

[ (Mphill, (0.7,0.4,0.2)) (5yr, (0.2,0.4,0.7)) (male, (0.7,0.2,0.1)) (3, (0.6,0.3,0.4))

Step II: calculation of the value matrices of NHSMs
defined in Step I
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TaBLE 7: Alternative rank comparison using NHSM and NSM techniques.

Method Alternative final ranking Optimal choice
Proposed in this paper Tr>ge>g8 591 g*?
Hashmi et al. [28] T2>g8>gls g g?

[ (Mphill, (-0.4)) (5yr, (-0.8)) (male, (-1)) (3, (=0.3))]
7 (A)] = (Mphill, (0))  (5yr, (-0.2)) (male, (-0.4)) (3, (-0.1))
(Mphill, (-0.2)) (5yr, (-0.6)) (male, (-0.1)) (3, (0.3))
L (Mphill, (-0.4)) (5yr, (1)) (male, (0.6)) (3, (-0.4)) (48)
[ (Mphill, (0.5))  (5yr, (0)) (male, (-0.5)) (3, (=0.3))7
7 (B)] - (Mphill, (0.5))  (5yr, (0))  (male, (0.5)) (3, (0.4)) .
(Mphill, (-0.2)) (5yr, (0.2)) (male, (0.6)) (3, (-0.5))
L (Mphill, (0.1)) (5yr, (=0.9)) (male, (0.4)) (3, (=0.1))
Step III: computation of the score matrix by adding
value matrices obtained in Step II:
(Mphill, (0.1)) (5yr, (-0.8)) (male, (-1.5)) (3, (-0.6))
(S (AL B)] = (Mp}'lill, (0.5)) (5yr, (—0.2)) (male, (0.1)) (3, (0.3)) ' (49)
(Mphill, (-0.4)) (5yr, (-0.4)) (male, (0.5)) (3, (-0.2))
(Mphill, (-0.3)) (5yr, (-1.9)) (male, (1)) (3, (-0.5))

Step IV: calculation of the score matrix:
2.8

0.1
Total score = . (50)
0.5

1.7

Step V: the candidate 7% will be selected for teaching at
the college level as the total score of I is highest
among the rest of the total score of candidates.

5. Result and Comparison Analysis

We propose an algorithm for NHSM of the real-world
problems, and results are compared with the algorithms on
NSM already established. Graphical representations of the
ranking of the proposed algorithm are given in Figure 1. The
proposed algorithm is valid and practical. As it could be
observed in the comparison Table 7, the proposed method’s
best selection is comparable with the already established
method, which is expressive in itself and approve the reli-
ability and validity of the proposed method. According to
the refinement of the philosophy of neutrosophy, it could be
a more efficient technique.

5.1. Limitations and Advantages of Proposed Matrix Theory.
The neutrosophic soft set theory is not very efficient in
selecting the optimal object of a decision-making problem
that possesses some attributes which are further divided,
whereas neutrosophic hypersoft matrix theory can be
applied.

The advantages of the proposed theory are

(1) Firstly, this new method’s specialty is that it may
solve any MCDM problem involving a huge number
of decision makers very easily along with a simple
computational procedure

(2) Secondly, when compared with existing methods for
MCDM problems under a neutrosophic environ-
ment, the proposed operators are consistent and
accurate, which illustrate their application’s
practicability

(3) Thirdly, the proposed method considers the inter-
relationships of attributes in practical application,
while existing approaches cannot

(4) Lastly, the proposed algorithm for MCDM problems
in this paper can further consider more correlations
between attributes, which means that they have
higher accuracy and greater reference value
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(5) The matrix is useful for storing (neutrosophic
hypersoft set) in the computer memory, which is
very useful and applicable

6. Conclusion

This paper has first defined NHSM theory and then intro-
duced some aggregate operators that are more functional to
make theoretical studies in the neutrosophic soft set arena.
Moreover, we have proposed the concept of the score
function. Additionally, the utilization of NHSM in the de-
cision-making problem (teacher recruitment problem
(TRP)) has been made with the score matrix’s assistance. At
the end, we compared the result with existing techniques and
showed that the purposed technique is more efficient and
refined. We expect, this paper will advance the future in-
vestigation on various calculations such as TOPSIS, VIKOR,
and AHP in other decision-making problems. Also, in fu-
ture, it can be linked with Pythagorean fuzzy interactive
Hamacher power aggression operators, interval-valued
q-rung orthopair fuzzy sets in decision-making, CN-q-
ROFS, connection number-based q-rung orthopair fuzzy set
and their application to the decision-making process, and
average operators based on the spherical cubic fuzzy
number.
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The data used to support the findings of this study are
available from the author upon request.
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