EDITION

Prof. Dr. Florentin Smarandache Prof. Dr. Muhammad Saeed

Muhammad Saqlain Dr. Mohamed Abdel-Baset

Theory
and
Application of
Hypersoft
Set

pons
y -;;,_;:';'.’.:




THEORY AND APPLICATION OF
HYPERSOFT SET

(Editors)

Prof. Dr. Florentin Smarandache Prof. Dr. Muhammad Saeed
Muhammad Saqlain Dr. Mohamed Abdel-Baset

ISBN 978-1-59973-699-0

pons

Pons Publishing House
Brussels, 2021

Neutrosophic Science International Association (NSIA)
University of New Mexico 705 Gurley Ave., Gallup,
NM 87301, USA



THEORY
AND
APPLICATION
OF
HYPERSOF T
SET

ISBN 978-1-59973-699-0



Peer-Reviewers

Prof. Dr. Xiao Long Xin

School of Mathematics,
Northwest university,
Xian, China.

Associate Prof. Dr. Irfan Deli

Muallim Rifat Faculty of Education,
7 Aralik University,
79000 Kilis, Turkey.

Assistant Prof. Dr. Muhammad Riaz

Department of Mathematics,
University of Punjab,
Lahore Pakistan.



Pons Publishing House / Pons asbl
Quai du Batelage, 5

1000 -Bruxelles
Belgium

DTP: George Lukacs

ISBN 978-1-59973-699-0

Neutrosophic Science International Association (NSIA)
University of New Mexico 705 Gurley Ave., Gallup,
NM 87301, USA



Table of Contents
AIMS and SCOPE.......uiviiitiii i I
Chapter 1

Muhammad Saeed, Atige Ur Rahman, Muhammad Ahsan, Florentin Smarandache
An Inclusive Study on Fundamentals of Hypersoft Set...............coooooii 1

Chapter 2

Irfan Deli

Hybrid set structures under uncertainly parameterized hypersoft sets: Theory and

APPLCAtIONS. ....uii 24

Chapter 3
Adem Yolcu, Taha Yasin Ozturk
Fuzzy Hypersoft Sets and It's Application to Decision-Making..................c.ocooviiiiii. 50

Chapter 4

Muhammad Naveed Jafar, Muhammad Saeed, Muhammad Haseeb, Ahtasham Habib

Matrix Theory for Intuitionistic Fuzzy Hypersoft Sets and its application in Multi-Attributive
Decision-Making Problems. .............c..oiiiiiiiiii 65

Chapter 5

Rana Muhammad Zulqarnain, Xiao Long Xin, Muhammad Saeed

A Development of Pythagorean fuzzy hypersoft set with basic operations and decision-making
approach based on the correlation coefficient.....................oco 85

Chapter 6

Adeel Saleem, Muhammad Saqlain, Sana Moin

Development of TOPSIS using Similarity Measures and Generalized weighted distances for
Interval Valued Neutrosophic Hypersoft Matrices along with Application in MAGDM

PrODIEIMNS. ..ot 107

Chapter 7
Muhammad Umer Farooq, Muhammad Saqlain, Zaka-ur-Rehman
The Application of the Score Function of Neutrosophic Hypersoft Set in the Selection of SiC as

Gate Dielectric FOr MOSEE T . ... e e e e e e e e et 138
Chapter 8

Mahrukh Irfan, Maryam Rani, Muhammad Saqlain, Muhammad Saeed

Tangent, Cosine, and Ye Similarity Measures of m-Polar Neutrosophic Hypersoft Sets............155
Chapter 9

Muhammad Saeed, Muhammad Ahsan, Atiqe Ur Rahman
A Novel Approach to Mappings on Hypersoft Classes with Application.............................. 175



Chapter 10

Atiqe Ur Rahman, Abida Hafeez, Muhammad Saeed, Muhammad Rayees Ahmad,
Ume-e-Farwa

Development of Rough Hypersoft Set with Application in Decision Making for the Best Choice of
Chemical Material............cooiiiiiiiiii 192

Chapter 11

Muhammad Saeed, Muhammad Khubab Siddique, Muhammad Ahsan,

Muhammad Rayees Ahmad, Atiqge Ur Rahman

A Novel Approach to the Rudiments of Hypersoft Graphs........................... 203

Chapter 12
Taha Yasin Ozturk and Adem Yolcu
On Neutrosophic Hypersoft Topological Spaces..................cooiiiiiii 215



Aims and Scope

Florentin Smarandache generalize the soft set to the hypersoft set by
transforming the function F into a multi-argument function. This extension
reveals that the hypersoft set with neutrosophic, intuitionistic, and fuzzy set
theory will be very helpful to construct a connection between alternatives
and attributes. Also, the hypersoft set will reduce the complexity of the case
study. The Book “Theory and Application of Hypersoft Set” focuses on
theories, methods, algorithms for decision making and also applications
involving neutrosophic, intuitionistic, and fuzzy information. Our goal is to
develop a strong relationship with the MCDM solving techniques and to
reduce the complexion in the methodologies. It is interesting that the
hypersoft theory can be applied on any decision-making problem without
the limitations of the selection of the values by the decision-makers. Some
topics having applications in the area: Multi-criteria decision making
(MCDM), Multi-criteria group decision making (MCGDM), shortest path
selection, employee selection, e-learning, graph theory, medical diagnosis,
probability theory, topology, and some more.

(Editors)



Chapter

An Inclusive Study on Fundamentals of Hypersoft Set

Muhammad Saeed!, Atige Ur Rahman?*, Muhammad Ahsan3, Florentin Smarandache*
123 University of Management and Technology, Lahore, Pakistan.

E-mail: muhammad.saced@umt.edu.pk, E-mail: aurkhb@gmail.com, E-mail: ahsan1826@gmail.com
4 Department of Mathematics, University of New Mexico, Gallup, NM 87301, USA. E-mail: smarand@unm.edu

Abstract: Smarandache developed hypersoft set theory as an extension of soft set theory, to
adequate the existing concepts for multi-attribute function. In this study, essential elementary
properties e.g. not set, subset, absolute set, and aggregation operations e.g. union, intersection,
complement, AND, OR, restricted union, extended intersection, relevant complement, restricted
difference, restricted symmetric difference, are characterized under hypersoft set environment with
illustrated examples. New notions of relation, function and their basic properties are also discussed
for hypersoft sets. Moreover, matrix representation of hypersoft set is presented along with
different operations.

Keywords: Hypersoft Set, Hypersoft Relation, Hypersoft Function, Hypersoft Matrix.

1. Introduction

The theories like theory of probability, theory of fuzzy sets, and the interval mathematics, are
considered as mathematical means to tackle many intricate problems involving various
uncertainties in different fields of mathematical sciences. These theories have their own
complexities which restrain them to solve these problems successfully. The reason for these hurdles
is, possibly, the inadequacy of the parametrization tool. A mathematical tool is needed for dealing
with  uncertainties which should be free of all such impediments. In 1999, Molodtsov [1]
introduced a mathematical tool called soft sets in literature as a new parameterized family of
subsets of the universe of discourse. In 2003, Maji et al. [2] extended the concept and introduced
some fundamental terminologies and operations like equality of two soft sets, subset and super set
of a soft set, complement of a soft set, null soft set, absolute soft set, AND, OR and also the
operations of union and intersection. They verified De Morgan's laws and a number of
other results. In 2005, Pei ef al. [3] discussed the relationship between soft sets and
information systems. They showed the soft sets as a class of special information systems. In 2009,
Ali et al. [4] pointed out several assertions in previous work of Maji et al. and proposed new notions
such as the restricted intersection, the restricted union, the restricted difference and the extended

intersection of two soft sets. In 2010, 2011, Babitha et. al. [56] introduced
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concept of soft set relation as a sub soft set of the Cartesian product of the soft sets and also
discussed many related concepts such as equivalent soft set relation, partition, composition
and function. In 2011, Sezgin et al. |7], Ge et al. [8], Fuli [9] gave some modifications in the
work of Maji et al. and also established some new results. In 2020, Saeed et al. [10] performed
an extensive inspection of the concept of soft elements and soft members in soft sets. Many
researchers [11-22] developed certain hybrids with soft sets to get more generalized results for
implementation in decision making and other related disciplines. In 2018, Smarandache 23|
introduced the concept of hypersoft set as a generalization of soft set.

In this paper, some essential fundamentals (i.e. elementary properties, set theoretic operations,
basic laws, set relations, set function and matrix representation) are conceptualized under hy-
persoft set environment. The rest of this article is structured as follows: Section 2 gives some
basic definitions and results on hyper soft sets. Section 3 presents elementary properties of
hypersoft sets. Section 4 describes set theoretic operations of hypersoft sets. Section 5 pro-
vides some basic properties, results and laws on hypersoft sets. Section 6 discusses hypersoft
relations and hypersoft functions. Section 7 presents the matrix representation of hypersoft
sets with some operations. Section 8 presents some hybrids of hypersoft sets and then last

section 9 concludes the paper.

2. Preliminaries

Here we recall some basic terminologies regarding soft set and hypersoft set. Throughout

the paper, U denotes the universe of discourse.

Definition 2.1. [1]
A pair (g, A) is called a soft set over U, where (g : A — P(U) and A be a set of attributes of
U.

Definition 2.2. [2]
A soft set ({s,, A1) is a soft subset of another soft set ((g,, A2) if

(i) A1 C Ao, and
(i) Cg,(w) C (s, (w) for all w € A;.

Definition 2.3. [2]
Union of two soft sets ((s,, A1) and (s,, A2) is a soft set ({g,, As) with A3 = A; U A and for
w € Ag,
CA®) w € (A1 \ Ag)
(s5(w) = (s (w) w € (A2 \ A1)
Csi(w)Uls,(w)  we (AN Ay)
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Definition 2.4. [2]
Intersection of two soft sets ((g,, A1) and ((s,,A2) is a soft set (Csy, Az) with Az = Ap N Ag
and for w € Ag,

Css (w) = (s (w) N¢s, (w)

For more details on soft set can be found in [1-9]

3. Hypersoft Set (HS-set)

In this section, some fundamentals of hypersoft set are presented. Some of the definitions

given in [24] are modified.

Definition 3.1. [21]

The pair (¥, G) is called a hypersoft set over U, where G is the cartesian product of n disjoint
attribute-valued sets G1,Go, G, ...., Gy, corresponding to n distinct attributes g1, g2, 93, ----, gn
respectively and ¥ : G — P(U). The collection of all hypersoft sets is denoted by Qg ¢)-

Example 3.2. Suppose that Mr. X wants to buy a mobile from a mobile mar-
ket. There are eight kinds of mobiles (options) which form the set of discourse U =
{m1, ma, ms3, myg, ms, mg, mz7, mg}. The best selection may be evaluated by observing the at-
tributes i.e. a; = Company, ao = Camera Resolution, a3 = Size, a4 = RAM, and a5 = Battery
power. The attribute-valued sets corresponding to these attributes are:

By = {b11,b12}

By = {ba1,b22}

B = {b31,b32}

By = {ba1,ba2}

By = {b51}

then G = By X By x B3 X By X Bs

G =191, 92,93, 94, ---.., g16 } where each g;,i =1,2,...,16, is a 5-tuple element.

The hypersoft set (U, G) is given as

g1, {m1,ma}) , (g2, {m1, m2,m3}) , (g3, {ma, m3, ma}), (94, {ma, ms, me}),
g5, {me, m7, ms}), (g6, {ma, m3, ma, mr}), (g7, {m1, m3, ms, me}),

g8, {ma,m3, me, mz}) , (9o, {ma, m3, me, mz,ms}) , (910, {m1, ms, me, m7z,ms}),
g11, {m2, my,Me, M7, ms}) ) (9127 {ml, m2,ms,Me, M7, ms}) )

913, {ma, m3, ms, mz, mg}) , (914, {m1, m3, ms, my, mg}),

915, {m1, ma, m3, ms, my, mg}), (gi6, {ma, ms, me, my, mg})

(
(
(

U,G) =
(¥, G) (
(
(

\

Definition 3.3. Let F(U) be the collection of all fuzzy sets over U. Let ai,as,as,.....,an,

for n > 1, be n distinct attributes, whose corresponding attribute values are respectively the




Theory and Application of Hypersoft Set 4

sets G1,G2,Gs, ..., Gy, with G; NG =0, for i # j, and 4,5 € {1,2,3,...,n}. Then a fuzzy
hypersoft set (V¢ps, G) over U is defined by the set of ordered pairs as follows,

(\IlfhmG) = {(97 \Ilfhs(g)) 1g € G? \I/fhs(g) € f(Z/f)}

where Wsps : G — F(U) and for all g € G = G x G2 x G3 X ... x Gp,

U ins(9) = {lw () (W) /0w €U, py (o) (w) € [0,1]}

is a fuzzy set over U.
Above definition is a modified version of fuzzy hypersoft set given in [21] and [23].

Example 3.4. Considering the example we have
Fuzzy hypersoft set (U5, G) is given as

( )

(91,{0.1/m1,0.2/ma}), (g2,{0.1/m1,0.2/m2,0.3/ms}),
(93,{0.2/m2,0.3/m3,0.4/m4}),
(94,{0.4/my4,0.5/ms5,0.6/mg}) ,
(95,{0.6/mg,0.7/m7,0.8/mg}),
(96,{0.2/m9,0.3/ms3,0.4/my4,0.7/m7}) ,
(97,{0.1/m1,0.3/ms3,0.5/ms5,0.6/mg}) ,
(9s,{0.2/ms9,0.3/ms3,0.6/mg,0.7/m7}) ,

(Yfhs, G) = ¢ (g9,{0.2/m2,0.3/m3,0.6/mg,0.7/m7,0.8/ms}),
(910,{0.1/m1,0.3/m3,0.6/mg,0.7/m7,0.8/ms}),
(911,{0.2/mg,0.4/my4,0.6/mg,0.7/m7,0.8/ms}),
(912,{0.1/m1,0.2/m2,0.3/m3,0.6/mg,0.7/m7,0.8/ms}) ,
(913, {0.2/mg9,0.3/ms3,0.5/ms5,0.7/m7,0.8/mg}),
(914,{0.1/m1,0.3/ms3,0.5/ms5,0.7/m7,0.8/mg}),
(915,{0.1/m1,0.2/my,0.3/ms3,0.5/ms5,0.7/m7,0.8/mg}) ,
(916,{0.4/my4,0.5/ms5,0.6/mg, 0.7/m7,0.8/ms})

Definition 3.5. Let (¥1,G1), (¥2,G2) € Qp ) then (U1, G1) is said to be hypersoft subset
of (Us, Ga) if

(i) G1 C Gy

(if) Vg € G1, ¥1(g) € Wa(g)

Example 3.6. Considering example if
(w1,G1) = { (g1, {ma}) . (92, {mr.m2}) . (g, {ma, ms}) }
(W3, Gy) — { (91, {m1,ma}), (92, {m1, ma, m3}), }

(937 {m27 ms, m4}) ) (947 {m47 ms, mG})
then

(V1,Gr) C (P2,G2)
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Definition 3.7. Aset G = G1 X Gy x G3 X ..... x Gy, in hypersoft set (¥, &) is said to be Not
set if it has the representation as
XG = {Xg1, Xg2, X3, XGd; ooy X }

n
where m = [] |G;l, each xg;,i = 1,2,...,m, is a Not n-tuple element.
i=1

Example 3.8. Taking sets G1, Ga, G3, Gy, , G5 from example we have

XG = {Xg1, X g2, X g3, XGa, -eer, XG16}
where each xg;,7 =1,2,...,16, is a Not 5-tuple element.

Definition 3.9. A hypersoft set (¥, G1) is called a relative null hypersoft set w.r.t G; C G,
denoted by (¥,G1)e , if U(g) = 0,Vg € Gy.

Example 3.10. Considering example [3.2] if

(.G1)o = { (91,0),(92,0). (95,0) }
where G1 C G.

Definition 3.11. A hypersoft set (¥, G1) is called a relative whole hypersoft set w.r.t G; C G,
denoted by (¥,G1)y , if U(g) =U,Vg € Gy.

Example 3.12. Considering example [3.2] if

(.G = { (91.20) (02.U) , (9,1) }

where G1 C G.

Definition 3.13. A hypersoft set (V,G) is called a absolute whole hypersoft set over U,
denoted by (¥,G)y , if ¥(g9) =U,Vg € G.

Example 3.14. Considering example [3.2] if

(91.U) . (92,U) . (93.U) , (94,U) ,
(95:U) . (g6, U) , (97.U) , (98, U) ,
(99:U) ; (910, U) , (911, U) , (912,U) ,
(913,U) , (914,U) , (915, U) , (916, U)

Proposition 3.15. Let (\Ifl, Gl), (\1/2, Gg), (\113, Gg) € Q(\I,7g) with G1, GQ, G3 C G then
(i) (¥1,G1) € (¥1,G1)u
(i) (¥1,G1)e C (¥1,G1)
(iti) (¥1,G1) € (¥1,G1)
(iV) If (\Ifl, Gl) Q (\112, Gg) and (\112, GQ) (\113, Gg) then (\Ill, Gl) (‘113, Gg)

(WaG)U =
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(V) If (\Ifl,Gl) = (\IJQ, Gg) and (\IIQ,GQ) = (\113,G3) then (\Pl,Gl) = (‘113,G3)

Definition 3.16. The complement of a hypersoft set (¥, &), denoted by (¥,G)°, is defined

as
(U, G)° = (¥°, xG)
where
U9 xG — PU)
with

UO(xg) =U\T(g),Yg € G

Example 3.17. Assuming data from example we have

(xg1, {m3, ma, ms, mg, mz, mg}) , (X g2, {ma, ms, me, mz,mg}),
(X g3, {m1, ms, mg, mz,ms}), (Xgs, {m1, ma, mg, mz,ms}),
(X g5, {m1, ma, m3, ma, ms}) , (Xge, {ma, ms, ma, mr}),
(W, G)° = (xg7, {m2, ma, mz,mg}), (xgs, {m1, ms, ms, mg}),

(%gg, {m1,ma,ms}), (xg10, {ma2, ma,ms}),
(% g11, {m1,m3g, ms}) , (X gi2, {ma, ms}),
(X g13, {m1, ma, me}) , (X g4, {m2, ma, me}),
(

D<9157{m47m6}) ) (><916,{m1,m2,m3}) )

\

Definition 3.18. The relative complement of a hypersoft set (¥, @), denoted by (¥, G)®, is
defined as
(L,G)° = (¥7,6)

where

U¥: G — PU)

with
U (g) =U\¥(g),Vg e G

Example 3.19. Assuming data from example we have

g1, {ms, ma, ms, mg, mz, ms}) , (g2, {ma, ms, meg, mz, mg}), )
93, {m1, ms, mg, m7, ms}) , (g1, {m1, ma, m3, mz, ms}),

g5, {m1, ma, m3, ma, ms}) , (g6, {m2, m3, ma, mr}),

g7, {ma, ma, mz,ms}) , (g8, {m1, ma, ms, ms}),

99, {m1,ma,ms}) , (910, {m2, ma, ms}),

g11, {ml, ms3, m5}) , (912, {m4, m5}) )

913, {m1,ma, me}) , (914, {ma, ma, me})

915, {ma,me}), (916, {m1, M2, m3})

A~ N /N /N /S /S~

Ve

Proposition 3.20. Let (V,G) € Qg ) then
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(i) (?,G)7)" =(¥,G)

(i) (¥, G)*)* = (¥,G)
(iii) ((U1,G1)u)® = (¥1,G1)e = ((¥1,G1)u)® where G C G
(iv) (¥1,G1)9)° = (¥1,G1)y = ((¥1,G1)s)® where G C G

4. Set Theoretic Operations on Hypersoft Set

In this section, set theoretic operations i.e. union, intersection, difference, AND, OR etc.,

are discussed under hypersoft set environment.

Definition 4.1. Union of two hypersoft sets (w,G1) and (A, G2) , denoted by (7, G1)U (A, Ga),
is a hypersoft set (i, G3) with G3 = G1 U G and for g € Gj,

m(g) g€ (G1\Ga)
w(g) = Ag) g€ (G2\ G)
(@) UANg) g€ (GiNGo)

Example 4.2. Let
(m,G1) = { (g1, {ma,m3}), (g2, {ma,ma,ms}) (g5, {ma, s, ma}) |

(A Ga) = { (g3, {ma,ma}) (g1, {ma, ms, ms}) (g5, {ma, ma, me})
then

_ ) (g1, {m1,ma}), (g2, {m1, ma2,ms}), (g3, {m1, ma2, m3, ma}),
(M’ GS) -
(94, {ma, ms, mg}) , (g5, {mz, ma, me})

Definition 4.3. Intersection of two hypersoft sets (w,G1) and (A, G2), denoted by (m,G1) N
(X, G2), is a hypersoft set (i, G3) with G3 = G1 N G2 and for g € G,

p(g) = m(g) N A(g)-

Example 4.4. Consider the example we have

(1.Gs) = { (g3, {m2)) }

Definition 4.5. Extended Intersection of two hypersoft sets (mw,G1) and (A, G2), denoted by
(m,G1) Ne (A, G2), is a hypersoft set (u, G3) with G5 = G1 U G2 and for g € G3,

m(g) g€ (G1\G2)
w(g) = Ag) g€ (G2\ G)
m(g)NA(g) g€ (GiNGy)

Example 4.6. Assuming sets given in example we have

(1, G3) :{ (g1, {m1,ma}), (g2, {m1,ma, m3}), (g3, {ma}), }

(94, {ma, m5,ms}) , (g5, {m2, m4, me})
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Definition 4.7. AND-operation of two hypersoft sets (w,G1) and (A, G2), denoted by
(m,G1) A(A\, G2), is a hypersoft set (u,G3) with G3 = G x G2 and for (g;,9;) € G3,9; €
Glagj € G27

1(gi5 95) = m(g9:) U A(g;)-

Example 4.8. Consider the example we have

Gy % Gy — hi = (91,93),h2 = (91,94) , b3 = (91,95) , ha = (92, 93) , b5 = (92, 94) ,
he = (92,95) , hr = (93, 93) , hs = (93,94) , ho = (93, 95)

then

(h1,{m1,ma}), (ha,{m1, ma, mg, ms,me}),

(h3, {m1,ma,mg,me}), (ha, {m1,ma, m3}),

(1, G3) = { (hs, {m1, ma, m3,ma,ms,ms}) , (he, {m1, ma, m3, ma, me}),
(h7, {m1,ma, ms,ma}), (hs, {ma, ms, ms, ms, me}),
(

hg, {m2, m3, m4, me}),

7

Definition 4.9. OR-operation of two hypersoft sets (w,G1) and (A, Gz2), denoted by
(m,G1) V(A, G2), is a hypersoft set (u,G3) with G5 = G1 x G2 and for (g;,95) € Gs,9; €
Glagj € GQa

1(gi> 95) = (gi) N A(gj)-
Example 4.10. Considering data from examples and we have

(N G3) _ { (hl, {m17m2}) , (hz, {}) , (hg, {mQ}) , (h4’ {mme}) , }
’ (hs.{}) .+ (he, {m2}) , (hr, {ma}) , (hs, {ma}) , (ho, {ma,m4}),

Definition 4.11. Restricted Union of two hypersoft sets (w,G1) and (A, G2), denoted by
(m,G1) Ugr (X, G2), is a hypersoft set (i, G3) with Gz = G1 N G2 and for g € G3,

1(g) = m(g9) UA(g)-

Example 4.12. For sets given in example we have

(1, G3) :{ (93; {m1,m2, m3, ma}) }

Definition 4.13. Restricted Difference of two hypersoft sets (w,G1) and (A, G2), denoted by
(m,G1) \r (A, G2), is a hypersoft set (u, G3) with G3 = G1 N G2 and for g € G3,

Example 4.14. For sets given in example we have

(1. G) = { (g3, (s, ma}) }




Theory and Application of Hypersoft Set 9

Definition 4.15. Restricted Symmetric Difference of two hypersoft sets (mw,G1) and (X, Ga),
denoted by (7, G1)A(A, G2), is a hypersoft set (i, G3) defined by

(1.Ga) = { ((m,G1) Up (A, G2)) \ (7, G1) (A, Go)) |

(1,Gs) = { ((m.G1) \r (A, G2)) Ur ((A.G2) \r (7.C1)) }
Example 4.16. For sets given in example we have

(. G1) \r (0, G2)) = { (g8, {ma,ma}) }
and

(A G2) \m (7.G1) = { (g3, {m1}) |

then
(1, Gs) = { (93, {m1,m3,mq}) }

5. Basic Properties and Laws of Hypersoft Set Operations

In this section, some basic properties and laws are discussed for hypersoft set theoretic

operations. All hypersoft sets in )y ) satisfy the following properties, results and laws.

(a) Idempotent Laws
(i) ¥, 9)U®,9) = ¥,9) = (4,G) Ur (¢,0)
(i) (¥, G) N, G) = (¥,9) = (¥, ) N: (¥,G)
(b) Identity Laws
(i) (¥,9)U (¥, G)e = (¥, G) = (4,G) Ur (¢,G)
(i) (¥, G) N (¥, 9)u = (¥,G) = (¥,G) N (¥, G)u
(i) (¥,9)\r (¥,9)o = (¢,G) = (¢, G)A(¥,G)o
(iv) (¥,9)\r (¥,9) = (¥,9)a = (4, G)A(4,0)
(¢) Domination Laws
1) (L, 9 U, Gu = ,9)u = (¥,G) Ur (¢, G)u

(11) (1/)7 g) N (1/}7 g)@ = (% g)q:. = (¢7g) Me (1/)7 g)fb
(d) Property of Exclusion

W, 9) U, G)% =@, 0)u = (¥,G6) Ur (¢,G)®

(e) Property of Contradiction

(¢7 g) N (¢7 g)® = (@b, g)‘b = (wa g) Me (¢> g)®
(f) Absorption Laws

(1) (Cv gl) U ((C? gl) N (57 gQ)) = (Ca gl)
(i) (¢,G1) N (¢, G1) U (£, G2)) = (¢, 1)
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(iii) (¢,G1) Ur ((¢,G1) Ne (€,G2)) = (¢, G1)
(iv) (¢, G1) Ne ((¢,G1) Ur (&, G2)) = (¢, G1)
(g) Commutative Laws

(i) (¢, G1) U (& G2) = (£,G2) U ((,G1)

(i) (¢,G1) Ur (§,G2) = (&, G2) Ur (¢, G1)
(iii) (¢,G1) N (£, G2) = (§,G2) N (¢, G1)
(iv) (¢,G1) Ne (€, G2) = (£,G2) N= (¢, G1)
(v) (¢, G1)A(&,G2) = (£,G2)A(¢,G1)

(h) Associative Laws

(1) (¢, G1) U((§G2) U (¥,G3)) = ((¢,G1) U (£, G2)) U (¥, Gs3)

(i) (¢, G1) Ur ((§,G2) Ur (¢, G3)) = ((¢,G1) Ur (§,G2)) Ur (¢, Gs3)
(i) (¢,G1) N (& G2) N (¥, G3)) = ((¢,G1) N (£, G2)) N (¥, G3)

(iv) (¢, G1) Ne ((€,G2) Ne (¥, G3)) = (¢, G1) Ne (&, G2)) Ne (¥, G3)
(v) (¢:G1) V((§,92) V(¥,G3)) = ((€,G1) V(§,G2)) V (¥, G3)

(vi) (¢,G1) A((€,G2) A(¥,G3)) = ((¢,G1) A€ G2)) A(¢,G3)

(i) De Morgans Laws
(i) ((¢,G1) U (§,G2))” = (¢,G1)7 Me (&, G2)"

(i) ((¢,G1) Ne (§,G2))7 = (¢, G1)7 U (€, G2)°
(iif) ((¢,G1) Ur (§,G2))" = (¢, G1)" N (&,G2)”
(iv) ((¢,G1) N (£,G2))" = (€,G1)" Ur (£,G2)°
(v) ((¢,G1) V(£,G2)) = (¢, G1)7 A\(&,G2)"
(vi) ((€,G1) A(§,92))" = (¢, G1)7 V(& G2)°
(vii) ((¢,G1) V(§,G2))° = (€, 91)" A(§,G2)"
(vii) ((¢;G1) A(§,G2))" = (¢, G1)° V(§,G2)°

(j) Distributive Laws

(i) (¢,G1) U ((& G2) N (¥,G3)) = ((¢,G1) U (£,G2)) N ((C, G1) U (¢, Gs3))

(i) (¢, G1) N((§,G2) U (¥,G3)) = ((¢,G1) N (£ G2)) U ((¢,G1) N (¥,G3))
(i) (¢, G1) Ur ((§,92) Ne (¥,G3)) = ((¢,G1) Ur (£,G2)) Ns (€, G1) Ur (¥, G3))
(iv) (¢, G1) Ne ((€,G2) Ur (¥,G3)) = ((¢,G1) Ne (£, G2)) Ur (€, G1) Ne (¥,G3))
(v) (€,G1) Ur ((§,G2) N (¥,G3)) = ((¢,G1) Ur (£, G2)) N ((¢,G1) Ur (¥,73))
(vi) (¢,G1) N((§,G2) Ur (¥, G3)) = ((¢,61) N (£, G2)) Ur (¢, G1) N (¢, Gs)

6. Relations and Functions on Hypersoft Sets

Here we present the notions of relations and functions for hypersoft sets.
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Definition 6.1. Cartesian Product of two hypersoft sets (U1, G1) and (¥y, G2), denoted by
(\Ifl,Gl) X (\I’Q,GQ), is a hypersoft (‘ljg,Gg) where Gg = Gl X G2 and
\P32G3—>P(UXU)
defined by
V3(gi,95) = Y1(g:) x Yalgs) V (9, 95) € G3
that is

U3(9i,95) = {(hi, hj) = hi € V1(gi), hy € ¥a(g;)}

Definition 6.2. If (V1,G1), (V2,G2) € Q) then a relation from (¥1,G1) to (Vg,G2) is
called hypersoft set relation (R, G4) (simply 2R) which is the hypersoft subset of (¥1,G1) x
(Uy,G2) where Gy € G1 X Go and V (hy, ha) € G4,R(h1, ho) = ¥3(h1, he), where (U3, G3) =
(U1,Gq) x (Vg,Go).

Definition 6.3. Let R be a hypersoft set relation from (¥,Gp) to (Va,G2) such that
(W3, Gs) = (¥1,G1) x (¥2,G2). Then
(i) Domain of R (Dom fR) is a hypersoft set (¢, K) C (V1,G1) where
K ={g; € G1 : ¥3(gi, gj) € R forsome g; € G2}
and
¥(g1) = Vi(g1),V g1 € K
(ii) Range of R (Range R) is a hypersoft set (£, L) C (¥9,G3) where L C G9 and
L ={g; € G2:VY3(9i,9;) € R forsome g; € G1}
and
§(g92) = ¥1(g2),V g2 € L
(iii) The inverse of |’ (M~1) is a hypersoft set relation from (¥s, Gs) to (¥, G) defined
by
= {W(g)) x Wi(ai) : U1(gi)RPa(q5)}

Example 6.4. Let
(V1,Gh) = { V1(g1), Y1(g2), ¥1(g3) }7(‘1’27G2) = { Us(g4), Ya(g5), ¥2(g6) }
)
)
)

(W1(g1) x ¥a(g4)), (P1(g1) x ¥2(g5)), (P1(91) X V2(gs)),
(U1, G1) x (¥2,G2) = ¢ (¥1(g2) x W2(g4)), (P1(g2) X Pa(g5)), (P1(g2) x Wa(gs)),

(VU1(g3) x W2(g4)), (P1(g3) X 2(gs5)), (P1(g3) x ¥2(gs)
then

R = { (W1(g1) x Walaa)), (Pa(g1) x Ua(g0). (¥1(92) % Walgs)). (1(g5) X V() }
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(i) DomR = (¢, K) where K = {g1,92,93} C G1 and ¥(g;) = ¥1(¢:)V g € K
(ii) RangeR = (&, L) where L = {g4,96} C G2 and £(g;) = ¥2(g;)V g; € L
(iii) |1 _
{ (Walgs) x W1(01), (¥a(g6) x W1(91)), (¥ (g6) X W1(92)), (¥a(ge) X V1(g5)) |

Definition 6.5. Let R and & are two hypersoft set relations on hypersoft set (¥, K), then

we have
(i) RC 6, if for all u,v € K, ¥(u) x U(v) € R then ¥(u) x U(v) € &
(ii) The Complement of % , denoted by RO, is defined as

RO = {W(u) x U(v) : T(u) x U(v) ¢ R,Y u,ve K}
(iii) The union of R and &, denoted by R U &, defined as
RUG ={T(u) x ¥(v) : ¥(u) x U(v) €eRor U(u) x ¥(v) e &,V uveK}
(iv) The intersection of R and &, denoted by 98 N S, defined as
RNG ={V(u) x U(v): ¥(u) x U(v) € R and Y(u) x ¥(v) € &,V u,ve K}

Example 6.6. Let

)
(W(g1) x ¥(g1)), (¥(g1) x ¥(g2)), (¥(g1) x ¥(g3)),
(U, K) x (V,K) =< (¥(g2) x U(g1)), (¥(g2) x ¥(g2)), (¥(g2) x ¥(g3)),
(W(g3) x ¥(g1)), (¥(g3) x ¥(g2)), (¥(g3) x ¥(g3))

then we have

%= { ((g1) x Wg1)). (Ten) x W(gs)). (¥(g2) x U(gs)). (¥gs) x Ugs)) }
and

& = { (T(g) x W(gn). (P(ar) x U(g2)), (¥(g2) x W(g2)). (¥(g5) x (g2) }

M)
RO = { (W(g1) x W(g2)), (V(g2) x V(1)) (W(g2) x W(g2), (P(gs) x Wgn)), (V(gs) X V(g»)) |

&© = { (W(gr) x W(g3)), (P(g2) x W(g1)), (P(g) x W(gs)), ((gs) X W(gs) }

LS — { (W(g1) x W(g0)): (T(gn) x W(g2)). (¥(g1) x W(ga)), (¥(g2) x Ug2), }
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Definition 6.7. Let SR be a hypersoft set relation on (¥, K), then
(i) MR is reflezive if ¥(u) x U(u) € R for all u € K, e.g.

% ={ (¥(g) x ¥(a1) }
(ii) R is symmetric if ¥(u) x ¥(v) € R then ¥(v) x ¥(u) € R for all u,v € K, e.g.

R ={ ((g1) % W(g2). (¥(g2) x V() }
(iii) MR is transitive if U(u) x ¥(v) € R and ¥(v) x ¥(w) € R then ¥(u) x ¥(w) € R for

all u,v,w € K, e.g.

R={ (o) x W(2)). (¥(gn) x ¥(gs)), (¥g2) x W(gs)) }

(iv) M is called equivalence relation if it is reflexive, symmetric and transitive. e.g.

9% = { (W(g2) x W(g1)). (T(gn) x W(g2). (P(g2) x W), (¥(g2) x U(g2)) }

(v) R is called identity if ¥(u) x ¥(v) € R then u = v for all u,v € K, e.g.

R={ (o) x W(gr)). (¥(g2) x ¥(2)). (¥gs) x W(gs)) }

Definition 6.8. If R is a hypersoft set relation from (¥, G1) to (¥a, G2) and & is a hypersoft
set relation from (Vg, G2) to (V3, G3) then composition of R and &, denoted by R o &, is also
a hypersoft set relation T from (¥, Gy) to (V3, G3) defined as

if Uy(u) € (V1,G1) and ¥3(w) € (¥3,G3) then ¥y (u) X Us(w) € Ro S

ie.

Uy (u) X Ug(w) € Ro & iff Uy(u) X Ua(v) € R and Va(v) x Y3(w) € R

Example 6.9. Let

R= { (W1(g1) x Ya(g1)), (P1(g1) x ¥2(g3)), (¥1(g2) x Va(g3)), (Y1(g3) x ¥2(g3)) }

and

& = { (Wa(g1) x Ws(gn), (¥a(g1) X Us(g2), (¥a(92) X Wa(2)., (¥(g5) X Wa(g)) |

then

Ro6 = { (W1(g1) x ¥3(g1)), (P1(g1) x ¥3(g2)), (P1(g2) X ¥3(g2)), (V1(g3) X ¥3(g2)) }

Definition 6.10. A hypersoft set relation § from (¥1,G) to (Ve, G2), represented by § :
(¥1,G1) = (Y2, G2), is said to be hypersoft function if

(i) domain of § = G

(ii) there is no repetition of elements in Dom §

(iii) there is a unique element in Range § corresponding to every element in Dom §.
ie. if Uy(u)FWa(v) (or ¥y(u) x ¥a(v) € F) then F(Vqi(u)) = ¥a(v).
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Example 6.11. Let G1 = {u1,u2,us} and Go = {v1, v2, v3,v4} then
(¥1,G1) = { Uy (ur), ¥i(u2), Ui(us) }
(V2,G2) = { Uy (v1), ¥a(ve), Ya(v3), Ua(vs) }

so hypersoft functions is

§= { (W1 (u1) x Wa(v1)), (Wi(uz) x Wa(vs)), (Wi(uz) x Wa(va)) }

Definition 6.12. A hypersoft function § : (¥1,G1) — (Vg,Ge) is said to be
(i) into-hypersoft function if Range§ C Go.
e.g. Let G = {ul,UQ,u;J,} and Gy = {vl,vg,vg,m} then

§ = { (W1(w) x a(01)), (Va(uz) x U (vg), (V1 (us) X a(on))
(ii) nto-hypersoft function (or surjective hypersoft function) if Range§ = Gs.
e.g. Let G1 = {u1,u2,u3,us} and Go = {v1,v9,v3,v4} then

§ = { (Waur) x Ta(on), (1 () x Ua(v3)), (V1 () X Ua(va)), (¥ (us) x Va(v2)) }
(iii) ome-to-one hypersoft function (or injective hypersoft function) if U1 (u1) # ¥1(ugz) then

(Wi (u1)) # F(V1(u2)).

e.g.

§ = { (Waur) x Wa(on), (1 (u2) x Ua(w4)), (V1 (u5) X Ua(v2)), (¥1(us) X Va(v3)) }
(iv) bijective hypersoft function (or one-to-one hypersoft correspondence) if it is both injec-

tive and surjective.

e.g.

§ = { (i) x Ba(on), (1 (1) x Wa(0)), (V1 (u5) X Va(e3)), (¥1(us) x Va(vs)) }
Definition 6.13. The identity hypersoft set function on hypersoft soft set (¥, L) is defined
by J: (¥, L) — (¥, L) such that 3(V(l)) = V() V V() € (¥, L).

e.g. Let L = {ly,ls,13,14} then
3= { (1) x W(0)), (V(12) x (1), (¥(ls) x W(ls)), (P(1a) x V(1)) |

7. Matrix Representation of Hypersoft Set

In this section, matrix representation of hypersoft set is presented.

Definition 7.1.
(i) Let (¢, H) be a hypersoft set over U. A subset Ry of U x H is said to be relation form

of (¢, H) if it is uniquely represented as
RHZ{ (u,h) : h € H,u € ((h) }
(ii) The characteristic function X, is defined by Ag, : U x H — {0,1}, where

1 (u,h) € Ry

el 1) = { 0 ; (wh) ¢ Ra
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(iii) If |U| = m and |H| = n then hypersoft set ((, H) can be represented by a matrix (a;;)

called an m x n hypersoft matrix of ({, H) over U as given below

a1 19 veer .

921 Q22 .... (Q2p
(@) mn

Aml Om2 ... Omp

Note: The collection of all m x n hypersoft matrices over U is denoted by HSM (U)mxn.-

Example 7.2. Let U = {uy,uz, u3,us,us} and H = {hq, ho, h3, hy, h5} where each h; is a i*"

tuple, for ¢ = number of attribute-valued sets. Then

C(h1> = {u17u2}7 C(hQ) = ®7 C(h3) = {u47u5}7 C(h4> = {u27u37u47 }7 <(h5) = @7

therefore we have

(¢ H) = { (. {ur,us)), (hs, {u,us}), (ha, {un, us, s, }) )
and
RH - { (ul, hl), (UQ, hl), (U4, hg), (’LL5, hg), (UQ, h4), (u;g, h4)7 (U4, h4) } .

Hence hypersoft matrix is given as

(aij)5><5 = i,j=1,2,3,4,5.

S O O = o=
o o O o O
_ = O O O
S R = = O
o O O o O

Definition 7.3. Let (o;) € HSM(U)mxn then (a;j) is said to be:

mxn mxn

(i) A zero (or null) hypersoft matriz, denoted by (0) if ;j =0V 14,5 eg.

mxn?

(0)5,5 = i,j=1,2,3,4,5.

o O O O O
oS O O O O
o O O O O
o O O O O
o O O O O

Hy :
mxn? lf

(ii) An Hp-universal hypersoft matriz, denoted by (o)
Qij = 1,Vj € JH1 = {j : hj S Hl} and 3.
e.g. Let H be as given in[7.2]and Hy = {ho, ha, h5} C H with ((he) = ((ha) = ((h5) =
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U then
01011
01011
()= 0101 1 |4j=12345
01011
01011

u
mxXn?

e.g. Let H be as given in [7.2) with ((h1) = ((h2) = ((h3) = ((ha) = ((hs) = U then

(iii) A wniversal hypersoft matriz, denoted by (a;;) if a;j =1,V 4, 5.

11111
11111

(.= 11111 |ij=1234,5.
11111
11111

Definition 7.4. Let L1 = (Ctij) L2 = (ﬁij)mxn S HSM(U)an then

mxn’

(i) Ly is said to be hypersoft sub-matriz of Lo, denoted by Ly C Lo if a5 < B;5 e.g.

01011 11111
01011 11111
Li=1010 11 and L= 1 1 1 1 1
01011 11111
01011 11111

Note: We may also say that L; is dominated by Ls or Lo dominates L.
(ii) L1 and Lo are said to be comparable, denoted by L || Lo, if L1 C Ly or Lg C L.
(iii) L; is said to be proper hypersoft sub-matriz of Lo, denoted by L; C Lo if for atleast

1 1 0 11 1 1 1 11
1 11 1 11111
one term a;; < 35 e.g. Ly = 01 011 and Lo = 11111
111 11 11111
010 11 1 11 11
Note: We may also say that L is dominated properly by Ls or Ly properly dominates
L.
(iv) Lj is said to be strictly hypersoft sub-matriz of Lo, denoted by Lj ; Lo if for each
0 00 0O 11111
0 00 0O 11111
term a;; < Bijeg. Li=| 0 0 0 0 0O and Ly=| 1 1 1 1 1
000 0O 11111
000 0O 11111

Note: We may also say that L; is dominated strictly by Lo or Lo strictly dominates
Ly




Theory and Application of Hypersoft Set 17

(v) union of Ly and Lo, denoted by Li U La, is also a hypersoft matrix Lz = (05;)mxn if
51']' = mam{aij, BU} V i,j ec.g.

11011 11111
11111 11111
Let L= 0 1 0 1 1 and Lo=] 1 1 1 1 1 then
11111 11111
01011 11111
11111
11111
L3y=LiUL,=1]1 1 1 1 1
11111
11111

(vi) intersection of Ly and Lo, denoted by L1 N Lo, is also a hypersoft matrix L3 = (6;j)mxn
if (Sij = min{aij,ﬂij} V i,j e.g.

11 011 1 1 1 11
1 1 1 11 1 1 1 11
Let L = 01 0 11 and Lo = 11 111 then
1 1 1 11 1 1 1 11
01 0 11 1 1 1 11
11011
1 1111
Ly=LiNLy=| 0 1 0 1 1
1 1 1 11
01 0 11
(vii) complement of L = (cij),, ., € HSMU)mxn, denoted by LO (u;;), ., is also a
hypersoft matrix if p;; =1 —o;; Vi,j e.g.
11011 00100
11111 00000
Let L= 0 1 0 1 1 | then LO=| 1 0 1 0 0
1 1 111 00 0 00O
01 011 1 01 0 0

(viii) difference of Ly from Loy, denoted by Lo \ L1, is also a hypersoft matrix Lz such that
Ls=LyNLY cg.

1 1 011 1 1 111
1 1 111 1 1111
Li=1 01011 and Lo=|1 1 1 1 1 then
1 1 1 11 1 1 1 11
01 0 11 1 1 111
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L3=LynLY?
11111 00100 00100
11111 00000 00000
ILy3=| 11111 |nf10100|=]10100
11111 00000 00000
11111 10100 10100

Proposition 7.5. For X = (j)mxn,Y = (Bij)mxn: Z = (i) mxn € HSM(U)mxn, we have
following characteristics properties, operations and laws:

(i) XuX=X, XnX=X

(i{t) XU O)mxn =X, XN ()% =X

u u

( )m><n = (O)ana XU (aij)an = (aij)mxn
(V) ((0)mxn)® = (@i s (@) ms)© = (0)mscn
(V) XUXO = ()" | XN XO=(0)mxn

(iii

) X
) X
)
) mxn
(vi) (XUY)©=XONYO®, (XNY)©=Xx©yuy©
(vii) (X©)© = X
(Vlu)XUY YUX, XNnNY=YnX
(ix) XUuYuzZ)=(XuvY)uZz, Xni¥nz)=(XnyY)nz
(x) XU(YNZ)=(XUuY)N(XUZ), XNYUZ)=(XNY)U(XNZ)

Definition 7.6. Let P = (pij)mxn, Q@ = (¢ik)mxn € HSM (U)mxn, then

(i) AND- product of P and @, denoted by P A @, is defined as

A HSMU)mxn X HSMU)mxn — HSMU)xn2 with (pij) A (¢ik) = (ri) where
rip = min{pij, qir} and l=n(j—1)+k.

(ii) OR- product of P and @, denoted by PV @, is defined as
Vi HSMU)mxn X HSMU)mxn — HSMU)mxn2 with (pij) V (¢ir) = (ri) where
rii = max{py, ¢} and l=n(j—1)+k.

(iii) AND - NOT - product of P and @, denoted by P A @, is defined as
At HSMU)mxn X HSM(U)mxn — HSMU)pwn2 with (pij) A (gix) = (i) where
ri = min{pij,1 — qr} and l=n(j—1)+k.

(iv) OR - NOT - product of P and @, denoted by P Y @, is defined as
Vi HSMU)mxn X HSM(U)mxn — HSMU)pwn2 with (pij) ¥ (gix) = (i) where
ria = max{pij,1 —qx} and l=n(j—1)+k.

Example 7.7. Let P = then

e e i =
_ O = O
e e
(e e R
e e N
e e
e e

—_ O = =
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11111111000071T1T1:1
() PAQ= 111111111111 17111
0000111100001 T11°1
111111111111 11T11
111111111111 1111
i) Pv Q= 111111111111 17111
111111111111 1111
111111111111 11T11
110 1 0000
_ 111 1 0000
(it}) PAQ = 0101|0000
1111 0000
0000000O0OO0O0OTOOOGO0O0
loooo0oo0oo00000000000
"1 0000000000O0ODO0OGO0GO0O
0000000O0O0O0O0TOOOGO0O
1101 0000
iv) PY Q= L1 11| |0000
0101 0000
111 1 0000
11111111000071T1T1:1
0 O S N R U B T B S A S R |
" loooo1111000011T1°1
111111111111 11T11

8. Hybrids of Hypersoft Sets

Smarandache 23] defined some hybrids of hypersoft set. Here we give some more hybrids of
hypersoft set. In this section J = J1 X Ja X ..... X Jm with Jp,NTy =0V p,q=1,2,...,m where

Jp are attribute-valued sets corresponding to m distinct attributes ji, jo, ...., Jm respectively.

Definition 8.1. Let Fj, s (U) be a collection of interval-valued fuzzy sets over U then a interval-

valued fuzzy hypersoft set(ifhs — set) (T, J) over U is defined as,
(0,9) ={ G.TG) 5 € T.TG) € Fus@) |
where I': 7 — Fiop(U) and
L) = { o) () /u: w € U, prgy () € 0.1] }

is an interval-valued fuzzy set over U.
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Example 8.2. LetU = {ula U2, U3, Uq, Us, Ug, U7, US} and J = {j17j27j37j4>j57j67j7>j8} where
each j; is r*"-tuple, r is the product of orders of J;, we have

Interval-Valued fuzzy hypersoft set (I', J) is given as

0.1,0.2] /u1, [0.2,0.3] /ug, [0.4, 0.5] /us, [0.5,0.6] /us}) ,
0.1,0.3]/uq, [0.2,0.4] /us, [0.3,0.4] /us, [0.6, 0.8] /ug }
0.2,0.3]/uz, [0.3,0.4] /us, [0.4, 0.5] /us, , [0.5,0.7] Jus

(1 I J/ur, [ /s, [ ] )
(o, {[ J/ur, [ /us, [ ] )
(s, {1 /s, [ /us, [ ] B
(j1, {[0-4,0.5] /uy, [0.5,0.6] /us, [0.6,0.7) /us, [0.7,0.8] /uz}) ,
(js, {[0.3,0.6] /us, [0.6,0.7] /ug, [0.7,0.8] /uz, [0.8,0.9] /us}) ,
(o, ]0.2,0.4] /us, [0.3,0.5] /us, [0.4, 0.6] /us, [0.7,0.8] /ur}) ,
(j7, £]0.1,0.4] /1, [0.3,0.4] /us, [0.5,0.7) /us, [0.6, 0.8] /ug ) ,
(s, {]0.2,0.5] /us, [0.3,0.6] /us, [0.6, 0.8] /ug, [0.7,0.8] /uz})

Definition 8.3. A fuzzy parameterized hypersoft set (fphs-set) (D,J) over U is defined as

(0,7) = { ()3 0r(@) 2§ € T, ¥r(i) € PU), (7(7) € [0.1] }
where F is a fuzzy set with (r : J — [0, 1] as membership function of fphs-set and

Yr: J — P(U) is called approximate function.

Example 8.4. From example we have

(0.1/71, {u1,u2}), (0.2/ 42, {u1, ug, us}) , (0.3/43, {uz, uz, us}),
(D,J) =1 (0.4/ja,{ua,us,us}),(0.5/j5, {ug, ur,us}) , (0.6/js, {ua, uz, us, ur}),
(0.7/j7, {ul, us, us, u6}) s (O.S/jg, {UQ, us, ue, U7})

Definition 8.5. An interval-valued fuzzy parameterized hypersoft set (iv-fphs-set) (€, J) over
U is defined as

€9 ={ Or. )13 17(0) 5 € T, 15,0G) € P, 0z, () € 0.1] |
where F;, is an interval-valued fuzzy set with ng,, : J — [0,1] as membership function of

fphs-set and vr,, : J — P(U) is called approximate function.

Example 8.6. From example we have

([0.1,0.2]/j1, {u1,u2}) , ([0.2,0.3] /2, {1, u2, us}) , ([0.3,0.4] /s, {uz, us, ua}),
(€,T) =4 ((0-4,0.5]/ja, {ua, us5, u}) , ([0.5,0.6]/ 5, {u, ur, us}) , ([0.6,0.7]/jo, {u2, uz, ua, uz}),
([0.7,0.8] /77, {u1,us, us,ug}), ([0.8,0.9]/js, {ua, us, ug, ur })
Definition 8.7. An intuitionistic fuzzy parameterized hypersoft set (ifphs-set) (H,J) over U

is defined as

(0,7) = { (< wr(i)np() > [i.722G)) 5 € T, 222G) € PU), mr() € [0,1],me () € [0,1] }

where ZF is an intuitionistic fuzzy set with nr(j),nr(j) : J — [0,1] as truth and falsity

membership functions of i fphs-set and vz : J — P(U) is called approximate function.
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Example 8.8. From example we have

(<0.1,0.2 > /j1,{ui,u2}), (< 0.2,0.3 > /jo, {u1,u2,us}),

(< 0.3,0.4 > /js, {uz,us,us}), (< 0.4,0.5 > /ja, {ua, us, ug}),

(< 0.5,0.6 > /g5, {ug,uz,ug}), (< 0.6,0.7 > /jg, {uz, us, ug, ur}),
(< 0.7,0.8 > /j7,{u1,us, us,us}), (< 0.8,0.9 > /js, {ua, us, ug, ur})

(", T) =

Definition 8.9. A neutrosophic parameterized hypersoft set (nphs-set) (N, J) over U is de-
fined as
N ) = { (< e (@) m @) ld) > /3w (9) 3 € T, ) € PU). }
nr(5) € [0,1],m:(5) € 10,1],mr(5) € [0,1]
where ZF is an intuitionistic fuzzy set with nr(j),n1(7),nr(j) : J — [0, 1] as truth, indetermi-
nacy and falsity membership functions of nphs-set and vz : J — P(U) is called approximate

function.

Example 8.10. From example we have

(<0.1,0.2,0.2 > /j1,{u1,u2}), (< 0.2,0.3,0.3 > /j2,{u1,u2,us}),
(<0.3,0.4,0.4 > /j3,{ug,us,us}), (< 0.4,0.5,0.5 > /jg, {4, us, us}),

(< 0.5,0.6,0.6 > /js, {ue, ur,us}), (< 0.6,0.7,0.7 > /jg, {uz, us, ug, uzr}),
(<0.7,0.5,0.8 > /j7,{u1,us,us,ug}), (< 0.8,0.4,0.9 > /js, {ua, us, ug, uzr})

(ij):

Definition 8.11. A hypersoft set (B,.J) is said to be bijective hypersoft set (bhs-set) over U
if

(i) U BG)=Uu

.o jej . . . .

(i) for jp, jg € T, p # 4,B(jp) N B(jg) = 0

Example 8.12. Taking data from example we have

(B, J) :{ (G, {ua}), (Gzs {ua}) » (3, {us}) , (s, {ua}) , Us; {us}) » (Jo, {ue}) , (Gr: {ur}) , (s, {us}) }

Definition 8.13. A fuzzy hypersoft set (B, J) is said to be bijective fuzzy hypersoft set
(bfhs-set) over U if

(i) U By(j) = U with > pg(u) € [0, 1] where ps (u) is a fuzzy membership for each
JjET ueld
ueli

(ii) for jp,jq € T, p # a,Bs(jp) N By (jg) =0
Example 8.14. Assuming example we have

(Bf j) _ (jlv {01/U1}) ) (j?) {02/“2}) ) (j3a {013/”5}) ) (j47 {014/U4}) )

’ (J5, {0.05/us}) . (o, {0.06/ug}) , (jr, {0.07/uz}) , (js, {0.08/us})
Definition 8.15. An interval-valued fuzzy hypersoft set (Bj,f,J) is said to be bijective
interval-valued fuzzy hypersoft set (biv-fhs-set) over U if
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(i) U Bivs(j) =U with > Sup(us(u)) € [0, 1] where py (u) is an interval-valued fuzzy
JjeT ueU
membership for each u € U

(11) for jpvjq S j,p 7& Q7Bivf(jp) N Bzvf(Jq) = @
Example 8.16. Suppose sets given in example we have

B ) { (i, 1001, 011/ }) G (10:02,0.2 /) G, 110.08,0.18) s }), (i, (10.04,0.14) e}, }
(45, {[0.03,0.05]/us}) , (js, {[0.02,0.06] /us }) , (ji7, {{0.03,0.07] /uz}) , (jis, {[0.04,0.08] /ug})

Definition 8.17. An intuitionistic fuzzy hypersoft set (B;f, J) is said to be bijective intu-

itionistic fuzzy hypersoft set (bifhs-set) over U if

(i) U Bif(j) = U with > Tif(u) € [0, 1] and > Fjr(u) € [0, 1] where Tj¢ (u) and
JjeT uel uel
F;f (u) are truth and false membership for each u € U

(ii) for jp,jq € T, p # ¢, Biy(dp) N Bip(dg) =0
Example 8.18. Let the sets provided in example we have

(1,{< 0.01,0.1 > /u1}), (42, {< 0.02,0.2 > /us}), (43, {< 0.03,0.13 > /us}),
(Bl'f,j> = (J1,{< 0.04,0.14 > /u4}), (J5,{< 0.03,0.05 > /us}), (js, {< 0.02,0.06 > /ug}),
(jiz, {< 0.03,0.07 > /uz}), (js, {< 0.04,0.08 > Jug})

Definition 8.19. An neutrosophic hypersoft set (B, J) is said to be bijective neutrosophic
hypersoft set (bnhs-set) over U if

() U By(j) = U with ¥ T (w) € 0,1, ¥ Iy (u) € [0, 1] and 5 Fy(w) € [0, 1
jeT ueU ueU ueU
where Ty (u), In (u) and Fyr (u) are truth, indeterminacy and false membership for

each u e U
(11) fOI‘ jpujq S jvp 7é q’BN(jp) ﬂ BN(.]Q) = @
Example 8.20. Considering example [8.2] we have

(j1,{< 0.01,0.02,0.1 > /u1}), (ja, {< 0.02,0.03,0.2 > Juy}),
(j3,{< 0.03,0.04,0.13 > /u3}), (ja, {< 0.04,0.05,0.14 > /uy}),
(j5, {< 0.03,0.04,0.05 > /us}), (js, {< 0.02,0.05,0.06 > /ug}),
(j7,{< 0.03,0.04,0.07 > /uz}), (js, {< 0.04,0.05,0.08 > /ug})

(Bn, JT) =

9. Conclusions

In this study, fundamental properties, aggregation operations, basic set laws, relations and
functions are characterized under hypersoft set environment. Moreover, essential concepts of
matrices and their basic operations are discussed for hypersoft sets. Future work may include
the development of hybrids of hypersoft set with fuzzy set, rough set, expert set, cubic set
etc. and algebraic structures like hypersoft topological spaces, hypersoft functional spaces,
hypersoft groups, hypersoft vector spaces, hypersoft ring, hypersoft measure etc.

Conflicts of Interest: The authors declare no conflict of interest.
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Chapter2

Hybrid set structures under uncertainly parameterized
hypersoft sets: Theory and applications

Irfan Deli
Muallim Rifat Faculty of Education, 7 Aralik Univetsity, 79000 Kilis, Turkey. E-mail: irfandeli@kilis.edu.tr

Abstract: In this paper, we firstly introduced a hybrid set structure with hypersoft sets under
uncertainty, vagueness and indeterminacy, called neutrosophic valued n-attribute neutrosophic
hypersoft set, which is a combination of neutrosophic sets and hypersoft sets. The neutrosophic
valued n-attribute neutrosophic hypersoft set (n - NNHS-set) generalizes the following hybrid
sets as; n—attribute Hypersoft Set, n—attribute Fuzzy Hypersoft Set, n—attribute Intuitionistic Fuzzy
Hypersoft Set, n—attribute Neutrosophic Hypersoft Set , Fuzzy Valued n-attribute Hypersoft Set,
Fuzzy Valued n-attribute Fuzzy Hypersoft Set, Fuzzy Valued n-attribute Intuitionistic Fuzzy
Hypersoft Set, Fuzzy Valued n-attribute Neutrosophic Hypersoft Set, Intuitionistic Fuzzy Valued
n-attribute Hypersoft Set, Intuitionistic Fuzzy Valued n-attribute Fuzzy Hypersoft Set,
Intuitionistic Fuzzy Valued n-attribute Intuitionistic Fuzzy Hypersoft Set, Intuitionistic Fuzzy
Valued n-attribute Neutrosophic Hypersoft Set, Neutrosophic Valued n-attribute Hypersoft Set,
Neutrosophic Valued n-attribute Fuzzy Hypersoft Set, Neutrosophic Valued n-attribute
Intuitionistic Fuzzy Hypersoft Set, neutrosophic parameterized neutrosophic soft set, and so on.
Then, we introduce some definitions and operations on n - NNHS-set and some properties of the
sets which are connected to operations. Finally, we proposed the decision-making method on the
n-NNHS-set and presented a numerical example to show that this method can be successfully
applied.

Keywords: Fuzzy set, Intuitionistic Fuzzy set, Neutrosophic set, Soft set, hypersoft sets, n — NNHS—set,

decision making

1. Introduction

To handle uncertainties or indeterminate information, fuzzy sets [34] in [0,1], intuitionistic
fuzzy sets [2] in [0,1]x[0,1], neutrosophic sets [25,32] in [0,1]x[0,1]x[0,1] and soft sets [22] in
parameterize set and universe set are consistently being defined as efficient mathematical
tools. Recently, soft sets have been developed by embedding the idea of fuzzy set,
intuitionistic fuzzy set, neutrosophic set to expand the field of application of soft sets. For
example, fuzzy soft sets [19], intuitionistic fuzzy soft sets [6], neutrosophic soft sets [8],
fuzzy parameterized soft sets [5], fuzzy parameterized fuzzy soft sets [12], fuzzy parameterized
intuitionistic fuzzy soft sets [10], fuzzy parameterized neutrosophic soft sets (Special version
of [13]), intuitionistic fuzzy parameterized soft sets [9], intuitionistic fuzzy parameterized fuzzy
soft sets [33], intuitionistic fuzzy parameterized intuitionistic fuzzy soft sets [11], neutrosophic

parameterized soft sets[12] and neutrosophic parameterized neutrosophic soft sets [13],
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are some of the studies. Also, soft sets generalized to the hypersoft set [31] by using a multi-argument
function and n distinct attribute sets. Also, some studies have made by the many authors, for example,
on basic operations on hypersoft sets and hypersoft point [1], on m-Polar and m-Polar interval valued
neutrosophic hypersoft sets [26], on aggregate operators of neutrosophic hypersoft set [27], on decision
making based on TOPSIS under neutrosophic soft set [28]- [24], on generalized aggregate operators on
neutrosophic hypersoft set [35], on generalization of TOPSIS for neutrosophic hypersoft set [29], on
single and multi-valued neutrosophic hypersoft set [30], on multi-valued interval neutrosophic linguistic
soft set |15], and son on.

In this chapter, we introduced hybrid set structure with hypersoft sets under uncertainty, vague-
ness and indeterminacy, called neutrosophic valued n—attribute neutrosophic hypersoft set, which is
a combination of neutrosophic sets [25] and hypersoft sets [31]. The neutrosophic valued n—attribute

neutrosophic hypersoft set generalizes the following sets:

n—attribute Hypersoft Set |31,

n—attribute Fuzzy Hypersoft Set [31],

n—attribute Intuitionistic Fuzzy Hypersoft Set [31],

n—attribute Neutrosophic Hypersoft Set |31,

Fuzzy Valued n—attribute Hypersoft Set (Special version of this study),

)
)
)
)
)
6) Fuzzy Valued n—attribute Fuzzy Hypersoft Set (Special version of this study),
) Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set (Special version of this study),
) Fuzzy Valued n—attribute Neutrosophic Hypersoft Set (Special version of this study),
) Intuitionistic Fuzzy Valued n—attribute Hypersoft Set (Special version of this study),
) Intuitionistic Fuzzy Valued n—attribute Fuzzy Hypersoft Set (Special version of this study),
) Intuitionistic Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set (Special version of
this study),
(12) Intuitionistic Fuzzy Valued n—attribute Neutrosophic Hypersoft Set (Special version of this
study),
(13) Neutrosophic Valued n—attribute Hypersoft Set (Special version of this study),
(14) Neutrosophic Valued n—attribute Fuzzy Hypersoft Set (Special version of this study),
(15) Neutrosophic Valued n—attribute Intuitionistic Fuzzy Hypersoft Set (Special version of this
study),
Soft sets [4422],

fuzzy soft sets |19),

neutrosophic soft sets [8}|16}171,20],

(16)

(17)

(18) intuitionistic fuzzy soft sets [6,/18,21],
(19)

(20) fuzzy parameterized soft sets [5],

(21)

fuzzy parameterized fuzzy soft sets |12],
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(22) fuzzy parameterized intuitionistic fuzzy soft sets [10],

(23) fuzzy parameterized neutrosophic soft sets(Special version of [13]),

(24) intuitionistic fuzzy parameterized soft sets 9],

(25) intuitionistic fuzzy parameterized fuzzy soft sets [33],

(26) intuitionistic fuzzy parameterized intuitionistic fuzzy soft sets |11],

(27) intuitionistic fuzzy parameterized neutrosophic soft sets(Special version of |13]),
(28) neutrosophic parameterized soft sets [3],

(29) neutrosophic parameterized fuzzy soft sets (Special version of |13]),

(30) neutrosophic parameterized intuitionistic fuzzy soft sets(Special version of |13]),
(31) neutrosophic parameterized neutrosophic soft sets [13],

Therefore, the neutrosophic valued n—attribute neutrosophic hypersoft set is a powerful general
formal framework and is most comprehensive of above sets to handle the indeterminate information
and inconsistent information which exist commonly in real situations. Researchers, can be just study
on neutrosophic valued n—attribute neutrosophic hypersoft sets which are the most general form of the
above hybrid sets in (1-31). Thus, instead of working separately, it will save time and it will be easier
to research and find solutions of problems which contain uncertainties or indeterminate information.
To do this, the rest of this paper is structured as follows: In section 2, we give the basic definitions
and results of fuzzy set theory, intuitionistic fuzzy set theory, neutrosophic set theory, soft set theory,
neutrosophic parameterized neutrosophic soft set theory and hypersoft set theory. In section 3, we
develop the Hybrid Set Structure with Hypersoft Sets under Uncertainty, Vagueness and Indeterminacy,
called neutrosophic valued n—attribute neutrosophic hypersoft sets, including some special hybrid set
structures, NPNSS-aggregation operator, decision making algorithm. In section 4, we present a section

of conclusions.

2. Preliminary

In this section, we give the basic definitions and results of fuzzy set theory, intuitionistic fuzzy set
theory, neutrosophic set theory, soft set theory, neutrosophic parameterized neutrosophic soft set theory
and hypersoft set theory that are useful for subsequent discussions. For more details, the reader could

refer to [2,[8]0L[13][T41[16,[17,201 22, 23] 25| 31.[32,34).

Definition 2.1. [34] Let U be a space of points (objects), with a generic element in U denoted by u.

A fuzzy set F in U is characterized by a membership function pp : U — [0,1]. It can be written as

F={<u,(pr(w) > uel, pr(u) €[0,1]}.

Definition 2.2. [14] t-norms are associative, monotonic and commutative two valued functions ¢
that map from [0,1] x [0, 1] into [0,1]. These properties are formulated with the following conditions:
Ya,b,c,d € [0,1],
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0,0) =0 and t(a,1) =t(1,a) = a,
a < cand b <d, then t(a,b) < t(c,d)

Definition 2.3. [14] t-conorms (s-norm) are associative, monotonic and commutative two placed
functions s which map from [0, 1] x [0, 1] into [0, 1]. These properties are formulated with the following
conditions: Va,b,c,d € [0, 1],

1
2
3
4

s(1,1) =1 and s(a,0) = s(0,a) = a,
if a < cand b < d, then s(a,b) < s(c,d)
s(a,b) = s(b,a)

(

(
(
(
(4) s(a,5(b,¢)) = s(s(a, b, c)

)
)
)
) s

t-norm and t-conorm are related in a sense of logical duality. Typical dual pairs of non parametrized

t-norm and t-conorm are complied below:

(1) Drastic product:

0, otherwise

fun(a,b) = { min{a,b}, maz{ab} =1

(2) Drastic sum:

max{a,b}, min{ab} =0
Sw(a,b) =
1, otherwise
(3) Bounded product:

ti(a,b) = max{0,a +b— 1}
(4) Bounded sum:
s1(a,b) = min{l,a + b}

(5) Einstein product:

a.b
t )= ——
15(a,0) 2—[la+b—a.ll
(6) Einstein sum:
a+b
b =
s1.5(0,b) 1+ab
(7) Algebraic product:
ta(a,b) = a.b

(8) Algebraic sum:
s2(a,b) =a+b—a.b
(9) Hamacher product:

(10) Hamacher sum:
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(11) Minumum:
ts(a,b) = min{a, b}
(12) Maximum:

s3(a,b) = max{a,b}

Definition 2.4. |[2] Let U be a space of points (objects), with a generic element in U denoted by u.
A intuitionistic fuzzy set (IF-set) IF in U is characterized by a membership function pp : U — [0, 1]

and a non-membership function vyp : U — [0, 1]. It can be written as

IF ={<u,(prr(u),vir(u)) > u €U, prr(u), prr(u) € [0,1]}

where 0 < prp(u) + vrp(u) < 1.

Definition 2.5. [32] Let U be a space of points (objects), with a generic element in U denoted by
u. A neutrosophic set N in U is characterized by a truth-membership function Ty : U — [0,1], a
indeterminacy-membership function Iy : U — [0,1] and a falsity-membership function Fx : U — [0, 1].

It can be written as

N ={<u,(Ty(u),In(u), Fxn(u)) >:u e U}.
There is no restriction on the sum of Ty (u); In(u) and Fy(u), so 0 < T (u) + In(u) + Fn(u) < 3.
Also, for special cases, we have in the following hybrid set structures:

(1) A neutrosophic set for Iy(u) =0 and Fiy(u) = 1 — Ty (u) reduced to fuzzy set |34] as;
N ={<u,(Tn(u),0,1 = Tn(u))) > ue U}

(2) A neutrosophic set for Iy(u) =0 and 0 < Fy(u) + Tn(u) < 1 reduced to intuitionistic fuzzy
set 2] as;

N ={<u,(Ty(u),0, Fy(u))) > u e U}.

Definition 2.6. |[22] Let U be an initial universe, P(U) be the power set of U, F be a set of all
parameters. Then a soft set .S over U is a set defined by a function representing a mapping fs : £ —
P(U) Here, fx is called approximate function of the soft set S, and the value fg(z) is a set called
x-element of the soft set for all x € E. Thus, a soft set over U can be represented by the set of ordered

pairs

S={(z, fs(x)):x € E, fs(x) € P(U)}

Definition 2.7. [31] Let U be a universe, E be a set of attributes that are describe the elements of U,
E; CE(i € {1,2,...,n}) be i set of attributes such that E; NE; # (), for all i # j, and 4, j € {1,2,...,n}.
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Then, an n—attribute Hypersoft Set(n—HS—set) S,,—gg over U is a set defined by a set valued function

fs._us representing a mapping
fsn_ns  B1 X Ea x ... x B, — P(U)

where fg, _, is called approximate function of the S,_ps. For (z1,x2,..x,) € E1 X Fy X ... X Ey,
the set fs, ,q(x1,22,...7y) is called (x1, z2, ...z, )—approximation of the S,_pgs. It can be written as

a set of ordered pairs,

Sn—Hs = {((£17x2,...xn)afsnHs(xl,xg, o))t (T1, 20, ) € By X By X ... X By,
fSn_Hs(xl,fz,...xn) c U}

Definition 2.8. [13] Let U be a universe, N(U) be the set of all neutrosophic sets on U, E be a
set of parameters that are describe the elements of U and K be a neutrosophic set over F. Then, a
neutrosophic parameterized neutrosophic soft set(npn—soft set) Sy,n over U is a set defined by a set

valued function fs, . representing a mapping
Jsnpn + K = N(U)

where fg,,, is called approximate function of the npn—soft set Sypn. For x € E, the set fs, () is

called x-approximation of the npn—soft set Snyp,n. It can be written a set of ordered pairs,

SNPN = {(< x’TSNpN (x)’ISNpN (x)7FSNpN (33) >,

{< u T (@) (w), IfszN(ﬂC)(u)’ ) (w)>uel}):xe E}
where

FSNpN (I)v ISNpN (IE), TSNpN (I)v TSNpN (u)7 ISNpN (U), FSNpN (u) € [0’ 1]

3. Hybrid Set Structure with Hypersoft Sets under Uncertainty, Vagueness and Indeter-

minacy

In this section, we combined the concept of Hypersoft set [31] and neutrosophic set [32], for generaliz-
ing npn—soft set |13|, by introducing a new hybrid set structure called neutrosophic valued n—attribute
neutrosophic Hypersoft set(n — NNHS—set). Then, we introduce some definitions and operations on
n — NN HS—sets and some properties of the n — NN HS—sets which are connected to operations have

been proposed. Some of it is quoted or inspired or generalized from [8}|9}13}16}17}20}/23}25},/31].

3.1. Neutrosophic Valued n—attribute Neutrosophic Hypersoft Sets

Definition 3.1. Let U be a universe, N(U) be the set of all neutrosophic sets on U, E be a set of
attributes that are described the elements of U, E; C E(i € {1,2,...,n}) be i set of attributes such
that B, N Ej # 0, for all ¢ # j, and i,j € {1,2,...,n} and K; be a neutrosophic set over E;. Then, a
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Neutrosophic Valued n—attribute Neutrosophic Hypersoft Set(n — NNHS—set) S,_nynms over U is a

set defined by a set valued function fs, , yus representing a mapping

Ky x Ko x ... x K, = N(U)

fSn—NNHS

where fg is called approximate function of the S, yyms. For (z1,z2,...2,) € F1 X Ea X ... X

n—NNHS
E,, the set fs, _ynms(®1,22,...2y) is called (21,2, ...x,)—approximation of the S,_nynyms. It can be

written as a set of ordered pairs,

Sn—NNHS = {( (< :C17TS1L—NNHS (‘Tl)? ISn—NNHS (Il)v FSn—NNHS (351) >, < ‘T2,TSW,—NNHS (I2>’
ISn—NNHS (‘TQ)’ FSn-NNHs (xQ) >y ey < T TSn—NNHS (xn)v ISn—NNHS (mn)v
FSn—NNHS (mn) >)7 {< U, TSn—NNHs(M-,Iz,--»In)(u)’ ISn—NNHs(m,m-,--.In)(u)7

Fs, ynus(@is,an) (W) > u€U}): (21,72,...0,) € B1 X B X ... X En}

where
TSn—NNHS(Ii)(i € {1,2,...,71}), ISn—NNHs(:Ci)(i € {1727"'7”})7 FSn—NNHS(xi) € [071](Z €
{1,2,...,n}),

and

TSWL*NNHS(II;Q&;H'wn)(u)’ IS’;L*NNHS(wI;CEQ)'“wn)(u)7 anfNNHs(:EhévzwnﬂJn)(u) € [07 1]

such that
0< TSn—NNHS (x%) + ISn—NNHS (‘ri)7FSn—NNHS (ml) < 3(i € {1, 2, 7n})

and

0< TSanNHS(ﬂCl,ﬂJz,-uwn)(u) + ISn—NNHS(z17w27---$n)(u) + FSn—NNHS(wth:---iEn)(u) <3.

Note that if the set of attributes E; is single then the n— NN H.S—sets reduced to npn—soft sets [13].

Therefore, the n — NN HS—sets generalizes the following sets:

(1) Soft sets [22],

(2) fuzzy soft sets [19],

(3) intuitionistic fuzzy soft sets [6],

(4) neutrosophic soft sets [g],

(5) fuzzy parameterized soft sets |5,

(6) fuzzy parameterized fuzzy soft sets |12],

(7) fuzzy parameterized intuitionistic fuzzy soft sets |10],

(8) fuzzy parameterized neutrosophic soft sets(Special version of [13]),

(9) intuitionistic fuzzy parameterized soft sets 9],
(10) intuitionistic fuzzy parameterized fuzzy soft sets [33],
(11) intuitionistic fuzzy parameterized intuitionistic fuzzy soft sets [11],
(12) intuitionistic fuzzy parameterized neutrosophic soft sets(Special version of [13]),
(13) neutrosophic parameterized soft sets [3],
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(14) neutrosophic parameterized fuzzy soft sets (Special version of |13]),
(15) neutrosophic parameterized intuitionistic fuzzy soft sets(Special version of |13]),

(16) neutrosophic parameterized neutrosophic soft sets [13],

Definition 3.2. Let S,,_nyngs be an n — NN HS—set. Then, the complement of S,,_ ynyms denoted

by St _nnmg and is defined by

S’fL*NNHS = {( (< L1, FSanNHS (xl)v 1- ISn—NNHS (ml)?TSn—NNHS (x1> >, < X2, FSTHNNHS (.1'2),
1- ISn—NNHS ('rQ)’ TSn—NNHS (332) >y < Ty, FSn—NNHS (xn)> 1- ISn—NNHS (l‘n),
TSn—NNHS (In) >)7 {< u, an—NNHS(IIJ/'Zv---"L'n)(u)7 1- ISn—NNHS(-'L'ly-'EZPHIn)(u)’

TS, wnns(@ime.an) (W) >u€ U}t (21,22,...0,) € By X Ey X ... X E,

Definition 3.3. Let S}y yvpg and S%_yyugs be two n — NNHS—sets. Then, S} _\ g is said to

be n — NNHS—subset of S2_ yug, is denoted by S:_ v vwsCS2_ nnms, if

—n

TsrlkNNHs (xl) = TS?L—NNHS (xi)’TsjszNHs(‘L’lvw%"zn)(u) = TsrzszNHs(fL’lv“/’?""Z")(u)’
IS}HNNHS (171) z ISEL—NNHS (xi)7IéanNHS(I17$27---CEn)(u) > ISELfNNHS(Ilvav--"Tn)(u)7
FS}L—NNHS (1‘1) Z FS?L—NNHS (xi)’ FsyllfNNHs(l’l;Izwuwn)(u) Z FSfLiNNHS(wl,wQ,..‘a:,,L)(u)-

for all i € {1,2,...,n}.
Also, If S} vy is n — NNHS—subset of S2_ynys and S2_yngs is n — NNHS—subset of
1

1 2 2 : oW 1 —
S,_nnus> then S2_ynps and S7_ v vgg is equal and we denote it with S, _ yyps = S, _NNHS-

Proposition 3.4. Let S!_ , 52 and S3_ be any three n — NN HS—sets. Then,
P n—NNHS NNHS n—NNHS

n

(1) Sp_NnusSSh_NNms

1 2 2 Q3 1 Q3
(2) Sn-nNEsCSSh_NNms and Sy _NNpsCSSn NNES = SaonNHSSS,_NNHS)

1 _ @2 2 _ a3 1 _ a3
(3) Sn-nnNus =Sh-nnms and S5 _NNps = Sn-NNHS = SnoNNHS = Sn_NNHS)

Definition 3.5. Let S} yyg be ann— NNHS—set. Then, S}y is called null n— NN HS—set,
denoted by Sy, if

TS:,,—NNHS (ajz) = 07TS}LiNNHS(wth,..A;En)(u) = 07
ISvllfNNHS (2131) - 1’IS}LfNNHs(flvzm-uxn)(u) =1,
FS}L—NNHS (xl) = 1’FS},,—NNHS(ILQJ%-“Z”)(u) =1

forall i € {1,2,...,n}

(or
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Tsl Z‘i) = O,Tsl

n—NNHS( n,—NNHs(””l:I?v-“‘E")(u)
IS%—NNHS (xl) = 0’IS,}"iNNHS(IL’l,CL‘Q,...In)(u) - 07

Fsl (xz) = 1,Fsl

n—NNHS w—NNHS(x17x2"“x”)(u)

for all i € {1,2,...,n}.(The definition do not use in this study))

Definition 3.6. Let S! g be an n — NNHS—set. Then, S! . yyg is called universal n —
NN HS—set, denoted by Sy, if
(Z‘i) = 1,T51

Sy _nnmHs n,—NNHS($17x27"‘x7l)(u) =1

1
S _NNHS n—NNHS(T1,L2,...Tx)

Fsl (xl) = O,Fsl =0.

n—NNHS n—NNHS(x17x2"“x”)(u)

(or

S _NNHS (3?2) = 17TS}FNNHS(JUIJZ,,,@”)(U) =1,
ISEHNNHS (i) = 17Ién—NNHS(xlvx27--<xn)(u) =1
FS}L—NNHS <xl) =0, FS},,_NNHS(JCl,Iz,-A-In)(u) = 0.

for all i € {1,2,...,n}.(The definition do not use in this study))

Proposition 3.7. Let S} _ , 82 and S3_ be any three n — NN HS—sets. Then,
P n—NNHS» " n—NNHS n—NNHS

1 ~
SanNHSgSU

(2)
(3)
(4) ((S}L—NNHS)C)C: 711—NNHS
(5)

Definition 3.8. Let S! yyg and S2_ 5 yvpyg be two n — NNHS—sets. Then, the union(or sum)
of S}L—NNHS and SZ—NNHS is denoted by S%—NNHS = S}L—NNHSOSEL—NNHS(OT STSL—NNHS =

S)  wnmstS:_nnms) and is defined by

n

SQ*NNHS = {( (< x17TS?z—NNHS(x1)’ISi—NNHS(xl)’FS?L—NNHS(xl) >y < xQ’TSi—NNHS (l‘g),

IS?HNNHS (IQ)’ FS?L—NNHS (:C2) Zs ey < s TS?L—NNHS (l‘n), IS?L—NNHS (In)’
FS?‘L—NNHS (Z'n) >)7 {< u?TSifNNHS(wl,zz,...az")(u)vISiiNNHS(zl,wz,...:z")(u)7

Foa (e ma,. .z, (W) > u €Ut (21,22, ..25) € By X By X ... X En}
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where

TS?L—NNHS (z:) = S(TssszNHS (), TS%—NNHS (),

TSi_NNHS(xl,xz,...acn)(u) = S(TSi_NNHS(:cl,;cQ,...xn)(u)7TSfl_NNHS(xl,wg,...xn)(u))a
IS;’; NNHS(:EZ) _t(ISI NNHs(xZ)’Isi NNHS( Z))’

IS?I*NNHS(:E17:E27”"’EW/) (’LL) = t(IS,ll,NNHS(-TlﬁEmmIn) (u)a ISiiNNHS(ml,mg,...xn) (u))7
Fg

S NNHS (xl) = t(FS}L—NNHS (!)31‘)7 FSVZL—NNHS (:'CZ))7

FSiiNNHS(zl,mg,...mn)(u) = t(FS}liNNHS(ml,mg,...mn)(u)a FSiiNNHS(zl,zQ,...mn)(u))'

for alli e {1,2,...,n}.

Proposition 3.9. Let S! , 5% and S be any three n — NN HS—sets. Then,
P n—NNHS NNHS n—NNHS Y

n

1) S yNmsUSy = Sy

1 ~a ol
2) S NNEsYSo = S,_Nnus

4
5

(1)

(2)

(3) S’}L—NNHSO(SYIL—NNHS = (S}L—NNHS

(4) Sp_nnmsUSi_nnms = Sa_nnusUSh-nwms
(5)

C1( Q2 193 _ 1 Q2 Q3
SrlLfNNHSU(SanNHSUSanNHS) - (SanNHSUSanNHS)USanNHS

Definition 3.10. Let S! v pg and S2_ g be two n — NNHS—sets. Then, the intersection(or
product) of S}y pgand S2_ g isdenoted by Sy vgs = St vngsSZ wnms (00 SE wnms =

S) wNEsXS:_nnms) and is defined by

Si*NNHS = {( (< x17TSi—NNHS(xl)’ISi—NNHS(xl)’FS:Lz—NNHS(xl) >y < xQ’TSi—NNHS (1‘2),

IS:IHNNHS (IQ)’ FS?L—NNHS (352) Zs ey < s TS?L—NNHS (l‘n), IS?L—NNHS (In)’

FSi—NNHS (l'n) >)7 {< u?TSflfNNHS(wl,zz,...az")(u)vISfliNNHS(zl,wz,...:z")(u)7

Fos oo (arma,z,)() >1u €Ut (1,22, ..25) € By X By X ... X En}
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34

where

TSifNNHS(acl,zg,...mn)(u) = t(TS,}L,NNHs(I1>127---:En) (u)v TSifNNHS(ml,mg,...zn) (u))a

IS:LL—NNHS(

.%'Z) = S(Isl

n—NNHS (x")’ Isz,fNNHS (aji))’

== S(Isl

anNHs(zlevamn)(u)’ IsifNNHs(Il»fw,--»In)(u))7

IS:LL,NNHS(Ilyfm---En)(u)

Fs4

n—NNHS (ml) = S(FS}L—NNHS (xl)’ FSZ,—NNHS (xl))’

FSifNNHS(zl,xz,...zn)(u) = S(FS}L,NNHS(Il,Iz,-»-In)(u)’ FSifNNHS(a:hmg,...zn)(u))'

for all i € {1,2,...,n}.

Propositi
1) S,
(2) S,
(3) S,
4) S,
(5) S,

on 3.11. Let S} ynvms: S2_nnms and S3_nnms be any three n — NN HS—sets.

n

—NNHSﬁSU = S}L—NNHS

7NNHSﬁS(D =Sy

7NNHSﬁS}z7NNHS = S’rlLfNNHS
—NNHsﬁSZ—NNHs = S?L—NNHSﬁS'}L—NNHS

—NNHSﬁ(S’?l—NNHSﬁS?L—NNHS) = (S111—NNHSﬁS?z—NNHS)ﬁSz—NNHS

Then,

Definition 3.12. Let S! \pg be ann — NNHS—set and v # 0. Then, S?_ vnms =v7(S) _vnms)

is defined as;

Sp-NNHS = {( (<1, Tos (@) Les o (@1), Fss o (1) > < @2, Tgs o (%2),

where

Sh_NNHS (x2)7FS§7,—NNHS xn)’ISZ, (n),

(x2) >y < T,y TSi

,—NNHS< —NNHS

FS?L—NNHS (In) >)7 {< uaTSiiNNHS(zl,zQ,...xn)(u)7IS57NNHS(z1,zQ,...rn)(u)7

n

Fss

anNHs(wl,wz,.‘.:rn)

TS?L—NNHS (le) =1- (1 o TS}HNNHS (mi))’y’
TSZ—NNHs(””l@%“-In)(u) =1- (1 o TS}L—NNHS(whw?""In)(u>)’y7

ISEL*NNHS (xl) - (ISSHNNHS (‘ri))’y’

ganNHS(wlwaynnTn) (u) = (IS'}L—NNHS(IMJ“??'“LEH) (U’))'y’

FS?LfNNHS (xl) = (FS'}L—NNHS (xi))’y’

FS;E_NNHS(thx’z,...xn)(u) = (FS},/_NNHS(xhxz,..Axn)(u))’y~

(u) >:ueU}): (x1,22,...2) € E1 X Ey X ... X En}
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for alli € {1,2,...,n}.

Definition 3.13. Let S\ ypyg be an n — NNHS—set and v # 0. Then, S¢_\yus = (Sth-nnms)?

is defined as;

ngNNHS = {( (< :L.17TS76L—NNHS (1171), ISS,—NNHS (371), FS&,—NNHS ('Tl) >y < T2, TSVGL—NNHS (.’172),
ISS—NNHS( ) FSn NNHS(J:Q) >7"'7<xnaTSfL (Jj )71576L (.’13”)7
FSﬁiNNHS(In) )7{< U’Tsﬁ,NNHS(El,CCmmIn)( ) IS" NNHS(zl,xQ,...xn)(u)v

FSG >ZU€U})Z($17$2,...SL‘n)EE1XEQX...XETL}

—NNHS —NNHS

O _NnHs(@1,T2,Tn) (u)

where

TSS,—NNHS (3?2) = (TS}L—NNHS (xi))’y’

TS?L,NNHs(mhI%»--En) (u) = (TS}HNNHS(ml,ZQ,...mn)(u))’yv

Igo zi)=1—(1-1Ig

n—NNHS( Z) n—NNHS

(xi))’ya

Ign,NNHS(xl,xg,...mn)( ) - 1 - (1 - IS,IL NNHS(Tl,Iz,-»-In)(u))’Y7

F‘sg,—NNHS( ) =1- (1 o FS,, NNHS(xi))ﬂ/7
FsngNHs(zl’z%wxn)( ) =1- (1 o FSn NNHS(Il’m%‘“zn)(u))’y'

for all i € {1,2,...,n}.

Proposition 3.14. Let S} nps, S2 nvms and S3_ ynps be any three n — NNHS—set and

Y1572, 7& 0. Then,

1) Sy nnasIS:_nnusNSs_nnms) =

1 ~ a2 ~/al ~a3

Sn nnusYS: nnus) (Sn_NNEsYUS, NNES)
1 ~ a2 ~

Sh_ NSNS Nnas) ISy NNasOSE_nnms)

) S

2) Sy nnus(SE_NNusUSE_nnms) =
) ‘U(S2_nnms)©
)

( (
( (
(3) (Sn—nnmsNSn_nvms)® = (Shonnms)U
(4) (Sh_nnusUSh_nnms)® = (Sn_nnws) D(Sh_nnus)

Note that the proofs of Proposition can be easily obtained according to Definition [3.1}{3.13

and properties of t-norm function and s-norm functions in Definition

Example 3.15. Let U = {u1,u2,us} be a universe, E = {21, 29,23, x4, x5, x6} be a set of attributes
that are describe the elements of U, E; C E(i € {1,2,3}) be i set of attributes such that E; =
{x1,22,23}, By = {x4,25},E5 = {26} C E and us consider the t-norm t(a,b) = a.b and s-norm

s(a,b) = a+b—a.b. Then, S3_ynps and S5_ynps over U given as;
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S Nnms = {((< 1,(0.1,0.5,0.4) >, < 24,(0.2,0.8,0.9) >, < zg, (0.1,0.2,0.7) >);

{< u1,(0.2,0.7,0.4) >, < ug,(0.7,0.2,0.3) >, < us, (0.5,0.6,0.2) >1}),
((< 1,(0.4,0.8,0.9) >, < x5, (0.4,0.8,0.7) >, < z, (0.7,0.4,0.9) >);
{< u1,(0.5,0.4,0.7) >, < ug, (0.2,0.3,0.7) >, < ug, (0.4,0.3,0.7) >}),
((< 22,(0.7,0.8,0.4) >, < x4, (0.3,0.5,0.1) >, < zg, (0.4,0.5,0.1) >);
{< uy,(0.4,0.5,0.3) >, < us, (0.2,0.2,0.2) >, < ug, (0.8,0.7,0.4) >1}),
((< 22, (0.4,0.4,0.9) >, < x5, (0.4,0.5,0.2) >, < z6, (0.2,0.5,0.8) >);
{< u1,(0.5,0.6,0.7) >, < ug, (0.8,0.5,0.5) >, < ug, (0.5,0.3,0.2) >}),
((< x3,(0.6,0.7,0.8) >, < 24, (0.5,0.7,0.1) >, < x, (0.4,0.1,0.8) >);
{< uy,(0.1,0.2,0.8) >, < us, (0.5,0.3,0.3) >, < ug, (0.5,0.4,0.6) >1}),
((< 25,(0.7,0.4,0.1) >, < x5, (0.9,0.7,0.5) >, < 2, (0.5,0.2,0.2) >);

{< u1,(0.8,0.3,0.7) >, < ug, (0.6,0.7,0.1) >, < ug, (0.7,0.5,0.7) >})}
and

S2 s = {((< 21,(0.2,0.3,0.4) >, < 74, (0.3,0.1,0.9) >, < z¢, (0.2,0.5,0.5) >);

{< u1,(0.5,0.2,0.3) >, < up, (0.7,0.4,0.1) >, < uz, (0.2,0.5,0.3) >}),
((< 1, (0.5,0.8,0.8) >, < x5, (0.5,0.9,0.7) >, < ¢, (0.7,0.5,0.9) >);
{< u1,(0.5,0.5,0.7) >, < us, (0.6,0.7,0.7) >, < ug, (0.5,0.7,0.7) >}),
((< 22, (0.7,0.8,0.5) >, < 24, (0.7,0.5,0.1) >, < ¢, (0.5,0.5,0.1) >);
{< uy,(0.5,0.5,0.7) >, < us, (0.6,0.6,0.6) >, < uz, (0.9,0.7,0.5) >}),
((< 2, (0.5,0.5,0.9) >, < x5, (0.5,0.5,0.6) >, < ¢, (0.6,0.5,0.9) >):
{< wu1,(05,0.6,0.7) >, < us, (0.9,0.5,0.5) >, < ug, (0.5,0.7,0.6) >}),
((< 3, (0.6,0.7,0.9) >, < 24, (0.5,0.7,0.1) >, < ¢, (0.5,0.1,0.9) >);
{< u1,(0.1,0.6,0.8) >, < uz, (0.5,0.7,0.7) >, < uz, (0.5,0.5,0.6) >}),
((< 5, (0.7,0.5,0.1) >, < x5, (0.9,0.7,0.5) >, < ¢, (0.5,0.6,0.6) >);

{< u1,(0.8,0.7,0.7) >, < ug, (0.6,0.7,0.1) >, < ug, (0.7,0.5,0.7) >})}

Therefore,

(1) S¢_nNnms is computed as;

n
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(&

S NNHS = {((< 21, (0.4,0.5,0.1) >, < 24, (0.9,0.2,0.2) >, < 2, (0.7,0.8,0.1) >);

{< u1,(0.4,0.3,0.2) >, < ug,(0.3,0.8,0.7) >, < ug, (0.2,0.4,0.5) >1}),
((< #1,(0.9,0.2,0.4) >, < x5, (0.7,0.2,0.4) >, < 26, (0.9,0.6,0.7) >);
{< u1,(0.7,0.6,0.5) >, < usg,(0.7,0.7,0.2) >, < ug, (0.7,0.7,0.4) >}),
((< #2,(0.4,0.2,0.7) >, < 24, (0.1,0.5,0.3) >, < z¢, (0.1,0.5,0.4) >);
{< u1,(0.3,0.5,0.4) >, < uy,(0.2,0.8,0.2) >, < ug, (0.4,0.3,0.8) >1}),
((< x2,(0.9,0.6,0.4) >, < x5, (0.2,0.5,0.4) >, < 26, (0.8,0.5,0.2) >);
{< u1,(0.7,0.4,0.5) >, < us, (0.5,0.5,0.8) >, < ug, (0.2,0.7,0.5) >}),
((< 23,(0.8,0.3,0.6) >, < z4,(0.1,0.3,0.5) >, < z¢, (0.8,0.9,0.4) >);
{< u1,(0.8,0.8,0.1) >, < ug, (0.3,0.7,0.5) >, < ug, (0.6,0.6,0.5) >1}),
((< x3,(0.1,0.6,0.7) >, < x5, (0.5,0.3,0.9) >, < 26, (0.2,0.8,0.5) >);

{< u1,(0.7,0.7,0.8) >, < us, (0.1,0.3,0.6) >, < us, (0.7,0.5,0.7) >})}

(2) 82 _ynms =St NnusUS2_nnms is computed as;

S3 NHs = {((< 1,(0.28,0.15,0.24) >, < x4, (0.44,0.08,0.81) >, < x4, (0.28,0.10,0.35) >);

T

{< u1,(0.60,0.14,0.12) >, < us, (0.91,0.08,0.03) >, < us, (0.60,0.30,0.06) >1}),
((< 21, (0.70,0.64,0.72) >, < x5, (0.70,0.72,0.49) >, < ¢, (0.91,0.20,0.81) >);
{< u1,(0.75,0.20,0.49) >, < us, (0.68,0.21,0.49) >, < us, (0.70,0.21,0.49) >1),
((< 2, (0.91,0.64,0.20) >, < z4, (0.79,0.25,0.01) >, < ¢, (0.70,0.25,0.01) >);
{< u1,(0.70,0.25,0.21) >, < us, (0.68,0.12,0.12) >, < ug, (0.98,0.49,0.20) >1}),
((< 22, (0.70,0.20,0.81) >, < x5, (0.70,0.25,0.12) >, < ¢, (0.68,0.25,0.72) >);
{< u1,(0.75,0.36,0.49) >, < us, (0.98,0.25,0.25) >, < us, (0.75,0.21,0.12) >}),
((< 3, (0.84,0.49,0.72) >, < x4, (0.75,0.49,0.01) >, < ¢, (0.70,0.01,0.72) >);
{< u1,(0.19,0.12,0.64) >, < us, (0.75,0.21,0.21) >, < ug, (0.75,0.20,0.36) >1),
((< x5, (0.91,0.20,0.01) >, < x5, (0.99,0.49,0.25) >, < ¢, (0.75,0.12,0.12) >);

{< u1,(0.96,0.21,0.49) >, < us, (0.84,0.49,0.01) >, < ug, (0.91,0.25,0.49) >})}

(3) Sn_nnms = Sa-nnusOSh_ynms is computed as;
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S yNHs = {((< x1,(0.02,0.65,0.76) >, < x4, (0.06,0.82,0.99) >, < x, (0.02,0.60,0.85) >);

{< u1,(0.10,0.76,0.58) >, < us, (0.49,0.52,0.37) >, < us, (0.10,0.80,0.44) >}),
((< 71, (0.20,0.96,0.98) >, < 5, (0.20,0.98,0.91) >, < g, (0.49,0.70,0.99) >);
{< u1,(0.25,0.70,0.91) >, < us, (0.12,0.79,0.91) >, < ug, (0.20,0.79,0.91) >1),
((< 2, (0.49,0.96,0.70) >, < x4, (0.21,0.75,0.19) >, < ¢, (0.20,0.75,0.19) >);
{< u1,(0.20,0.75,0.79) >, < us, (0.12,0.68,0.68) >, < us, (0.72,0.91,0.70) >}),
((< 2, (0.20,0.70,0.99) >, < x5, (0.20,0.75,0.68) >, < g, (0.12,0.75,0.98) >);
{< u1,(0.25,0.84,0.91) >, < us, (0.72,0.75,0.75) >, < us, (0.25,0.79, 0.68) >1),
((< 3, (0.36,0.91,0.98) >, < z4, (0.25,0.91,0.19) >, < ¢, (0.20,0.19,0.98) >);
{< uy,(0.01,0.68,0.96) >, < us, (0.25,0.79,0.79) >, < us, (0.25,0.70,0.84) >}),
((< 3, (0.49,0.70,0.19) >, < 5, (0.81,0.91,0.75) >, < ¢, (0.25,0.68,0.68) >);

{< uy,(0.64,0.79,0.91) >, < us, (0.36,0.91,0.19) >, < us, (0.49,0.75,0.91) >})}

(4) S5 ynms =2(S! yngs) is computed as;

S2 NNHs = {((< 21, (0.19,0.25,0.36) >, < x4, (0.36,0.64,0.81) >, < z, (0.19,0.04,0.49) >);

{< u1,(0.36,0.49,0.16) >, < uz, (0.91,0.04,0.09) >, < ug, (0.75,0.36,0.04) >}),
((< z1,(0.64,0.64,0.81) >, < x5, (0.64,0.64,0.49) >, < ¢, (0.91,0.16,0.81) >);
{< uy,(0.75,0.16,0.49) >, < us, (0.36,0.09,0.49) >, < ug, (0.64,0.09,0.49) >1}),
((< 22, (0.91,0.64,0.16) >, < 74, (0.51,0.25,0.01) >, < zg, (0.64,0.25,0.01) >);
{< u1,(0.64,0.25,0.09) >, < uy, (0.36,0.04,0.04) >, < ug, (0.96,0.49,0.16) >}),
((< 2, (0.64,0.16,0.81) >, < x5, (0.64,0.25,0.04) >, < ¢, (0.36,0.25,0.64) >);
{< u1,(0.75,0.36,0.49) >, < us, (0.96,0.25,0.25) >, < us, (0.75,0.09, 0.04) >}),
((< 23, (0.75,0.49,0.01) >, < 4, (0.75,0.49,0.01) >, < 2, (0.64,0.01,0.64) >);
{< u1,(0.19,0.04,0.64) >, < uz, (0.75,0.09,0.09) >, < ug, (0.75,0.16,0.36) >}),
((< z3,(0.91,0.16,0.01) >, < x5, (0.99,0.49,0.25) >, < zg, (0.75,0.04,0.04) >);

{< u1,(0.96,0.09,0.49) >, < us, (0.84,0.49,0.01) >, < us, (0.91,0.25,0.49) >})}
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(5) SS_ynms = (St—nnms)? is computed as;

SS NNHS = {((< 1,(0.01,0.75,0.84) >, < x4, (0.04,0.96,0.99) >, < ¢, (0.01,0.36,0.91) >);

{< u1,(0.04,0.91,0.64) >, < us, (0.49,0.36,0.51) >, < us, (0.25,0.84,0.36) >}),
((< z1,(0.16,0.96,0.99) >, < x5, (0.16,0.96,0.91) >, < zg, (0.49,0.64,0.99) >);
{< u1,(0.25,0.64,0.91) >, < us, (0.04,0.51,0.91) >, < ug, (0.16,0.51,0.91) >1}),
((< 22, (0.49,0.96,0.64) >, < 24, (0.09,0.75,0.19) >, < ¢, (0.16,0.75,0.19) >);
{< u1,(0.16,0.75,0.51) >, < us, (0.04,0.36,0.36) >, < us, (0.64,0.91,0.64) >}),
((< 22, (0.16,0.64,0.99) >, < x5, (0.16,0.75,0.36) >, < zg, (0.04,0.75,0.96) >);
{< u1,(0.25,0.84,0.91) >, < us, (0.64,0.75,0.75) >, < ug, (0.25,0.51,0.36) >1),
((< x5, (0.36,0.91,0.96) >, < 24, (0.25,0.91,0.19) >, < ¢, (0.16,0.19,0.96) >);
{< u1,(0.01,0.36,0.96) >, < us, (0.25,0.51,0.51) >, < us, (0.25,0.64,0.84) >}),
((< 3, (0.49,0.64,0.19) >, < x5, (0.81,0.91,0.75) >, < zg, (0.25,0.36,0.36) >);

{< u1,(0.64,0.51,0.91) >, < uy, (0.36,0.91,0.19) >, < ug, (0.49,0.75,0.91) >})}

3.2. Hybrid set structures

Let S,,_n~nHSs an n — NNHS—set over U as;

Sn—-NNHS = {( (< x17TSn—NNHS (xl)v ISn—NNHS (xl)a FSn—NNHS (1‘1) >, < xQ’TSn—NNHS ($2>’
ISn—NNHS ($2), FSn—NNHS (x2) >y ey < T TSn—NNHS (xn)v ISn—NNHS ($H)7
FSn—NNHS (mn} >)7 {< U, TSn—NNHS(:ElA,sz”mn)(u)’ ISn—NNHS(z1712A,~-$n)(u)7

FSn—NNHS(wl,wza-uln)(u) >iu € U}) : (xl,osg,...xn) S E1 X E2 X ... X En

where

TSn—NNHS(xi)(i € {1v25 ...,’I’L}), ISn—NNHS(xi)(Z. € {1’2’ ""n})a FSn—NNHS(xi)(i € {1,2,...,71}) €
[0,1],

and

TSn—NNHS(:Ethw»»mn)(u)7 ISn—NNHS(111121~~mn)(u)7 FSn—NNHS(m17m27---mn)(u) € [0’ 1]

such that

0< TSW,—NNHS (xl) + ISn—NNHS (zi)7FSn—NNHS (xl) < 3(Z € {L 2, ,Tl})

and

0< TSn—NNHS(zl,IQvan)(u) + ISn—NNHS(Il’mZMHTn)(u) + FSn—NNHS(ZI/’l’x27~~In)(u) <3.

Then, we have in the following hybrid set structures

(1) an n—attribute Hypersoft Set(n — HS—set) S,,_pgs over U can be written as a set of ordered

pairs as;
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Sn—Hs = {( (< xlvTSans(Il)v(L 1- TSans(‘Tl) >, < l‘27TSn—HS(x2)7

0,1— TSn—HS (xQ) >y < T,y TSn—HS (xn)v 0,
1- TSans (xn> >)7 {< u7TSn—Hs($1,$2,--~mn)(u)707 1- TSn—Hs(fbhfﬂz,-»-rn)(u) >

ueU}): (z1,22,...20) € By X B2 X ... X Ey

where
TSans (le)(l € {17 2, ,TL}) € {Oa 1} and TSanS(wlaa&;“-wn)(u) € {07 1}
(2) an n—attribute Fuzzy Hypersoft Set(n — FHS—set) S,_pms over U can be written as a set of

ordered pairs as;

Sn—FHS = {( (< xlvTSanHs (1‘1), 0,1— TS'IL*FHS (1‘1) >, < xQ’TsanHs (l‘g),

0,1- TSn—FHS ('TQ) >y < Ty, TSn—FHS (1177,), 0,
1- TSn—FHS (.’En) >)7 {< u, TSn—FHS($17x27~~-xn)(u)’ 0,1- TSn,—FHS(:Cl,iCQ,-nxn)(u) >

uweU}): (x1,22,...00) € By X By X ... x E,

where
TSn—FHS (x,)(z € {1v27 ,’I’L}) € {0’ 1} and TSanHS(wI,IQw-“Tn)(u) € [07 1]'
(3) an n—attribute Intuitionistic Fuzzy Hypersoft Set(n — IFHS—set) S,_rrgs over U can be

written as a set of ordered pairs as;

Sn—1FHS = {( (< 21,18, pus (xl)’ 0,1=Ts, ;rus ('Tl) >, <w2,Ts, ;rus (:L‘2>7
0,1- TSn—IFHS (.132) >y ey < Ty TsnleHS (xn)v 0,
1- TSn—IFHS (In) >)7 {< Uu, TsnleHS(l'lyl'?»-uIn)(u)7 0, FSnleHS(151;$2a“~$n)(u) >

uweU}): (x1,22,..2,) € By X By X ... x E,

where

TSanFHS('Ti)(i € {172’ ’n}) € {05 1}’ and TsnleHS(fL’l’z27~~xn)(u>7

FSWL*IFHS(II;J&)“'wn)(u) € [07 1]
such that 0 < TSn—IFHS(xl,$21<~-xn)(u) + FS7L—IFHS($11x27~~-xn)(u) <L
(4) an n—attribute Neutrosophic Hypersoft Set(n — N HS—set) S,,_nms over U can be written as

a set of ordered pairs as;

Sn—NHS = {( (< ml’TSanHs (371),0, 1- TSanHs (581) >, < vaTsanHs (xQ)’ 0,
1- TSn—NHS (:CQ) >y, < T, TSn—NHs (mn)’ 0,1- TSn—NHS (:L’n) >)7
{< U, TSn—NHS(frl»:E21-~~xn)(u)7 ISn—NHS(m17m2>---:En)(u)7 FSW,—NHS(ml,me--:En)(u> >:

ueU}): (z1,22,...2,) € By X B2 X ... X Eyp
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where
Tsn_NHS(xi)(i S {1,2, ,n}) e {0, 1}
and
TSTL*NHS(I1)$27"'w1L)(u)’ ISvthHS(wlyw2y~~~‘Tn)(u)7 FSn—NHS(wly12)~~~wn)(u) € [07 1]
such that
0< TSn—NHS(z17m27~»-zn)(u) + ISn—NHS(m17m2,»--5En)(u) + FSn—NHs(fﬂl,ﬂﬂz,mIn)(u) <3.
(5) a Fuzzy Valued n—attribute Hypersoft Set(n — FHS—set) S,_rms over U can be written as a

set of ordered pairs as;

Sn—FHS = {( (< 21,15, pus (1‘1), 0,1=Ts, pys (ml) >, < 22,15, ppus (.%‘2),
Oa 1- TSanHs (1‘2) >y < Ty, TSanHs (mn)v 07
1- TSW,—FHS (xn) >)v {< U, TSanHs(xl,wz,..-wn)(u)a 0,1— TSanHS(xlyx’za-“l'n)(u) >

uweU}): (z1,22,...200) € By X By X ... x E,

where
TSn—FHS (Il)(Z € {132, 7n}) € [07 1] and TSn—F‘HS("EhI?w---'L'n)(u) € {O’ 1}
(6) a Fuzzy Valued n—attribute Fuzzy Hypersoft Set(n — FFHS—set) S,,_rprus over U can be

written as a set of ordered pairs as;

Sn—FFHS = {( (< $17TSn—FFHS(x1)7O71 - TSn—FFHS(:El) >, < xZ’TSn—FFHS (xQ)v
0,1- TSn—FFHS (x2> 5y < Ty TSn—FFHS (xn)v 0,
1- TSn—FFHS (xn) >)) {< u7TSanFHS(II;JWa-“wn)(u)707 1- TSanFHS(ZlaQJZwHCUn)(u) >

ueU}): (z1,29,..20) € By X B3 X ... X E,,

where
TSn—FFHS (xl)(l € {17 2, ’n}) € [05 1] and TsanFHS(ZlgIanxn)(u) € [05 1]'
(7) a Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set(n — FIFHS—set) S,—rirus

over U can be written as a set of ordered pairs as;

Sn—FIFHS = {( (< l‘17TSn—FIFHS (Il)a 0,1— TSn—FIFHS ('rl) >, < T2, TSn—FIFHS ('TQ)’

0,1-=Ts, pirus (xQ) >0 < Zny I8, _prpus (l'n), 0,
1- TSn—FIFHS (l‘n) >>7 {< U, TSn_FIFHs($1,12-,--~In)(u)> 0, FSn—FIFHS(x1>I27---ZEn)(u) >

u€eU}): (x1,22,...0,) € By X B3 X ... x Ey,

where
TSn—FIFHS (xl)(Z € {172, ,n}) € [0, 1]7 and TSn—FIFHs(zl,m,--.rn)(u)7

FSn—FIFHS($17x27“~CEn)(u) € [Ov 1]
such that
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0 < TsanIFHS (1‘7) < 1(7' € {17 27 ,TL})
and
0< TSn—FIFHs(Il,IQ,--»In)(u) + FSn—FIFHS(I17I27---CEn)(u) <L
(8) a Fuzzy Valued n—attribute Neutrosophic Hypersoft Set(n — FNHS—set) S,_pnmgs over U

can be written as a set of ordered pairs as;

Sn-FNHS = {( (< Ty, TSn—FNHS ('7;1)707 1- TSn—FNHS ('731) >, < xQ’TSn—FNHS (372)’ 0,
1- TSTHFNHS (322) >y ey < Ty TSn—FNHS ('rn)’ 0,1— TSn—FNHS ('rn) >)7
{< u’TSn—FNHS(wlvwb-“In)(u)7ISn—FNHS($17127-~1En)(u)7FSn—FNHS(a?l;CEZv“-wn)(u) >

u € U}) : (:L‘hxg,...l'n) c By xEy x..xE,

where
TSn—FNHS (xl)(l € {17 2, ’n}) € [05 1]
and
TSn—FNHS(-’tlyr?y---mn)(u)7 ISn—FNHS(-’tlyz‘Zy---mn)(u)7 FSW,—FNHS(m17m27~~-In)(u) € [Oa 1]
such that
0<Ts, ,nus(@i) <1(i €{1,2,..,n})
and
0< TSn—FNHS(x17127---1‘n)(u) + ISn—FNHS(zlyz27~»-zn)(u) + FSn—FNHS(mhmZ’»--zn)(u) <3.

(9) an Intuitionistic Fuzzy Valued n—attribute Hypersoft Set(n — IFHS—set) S,_rrus over U

can be written as a set of ordered pairs as;

Sn—1FHS = {( (< 21,18, 1pus (.%'1), 0,Fs, i rus (xl) >, <w2,Ts, ;pus (l'?)’
0, FSanFHs('r2) >y < T TSn—IFHS (xn)v 0,
Fs, irus (xn) >)7 {< u, TSn—IFHS(wlwawuwn)(u)7 0,1- TSWL*IFHS(II;J&)H'zn)(u) >

(RS U}) : (.’El,l'g,..‘xn) € F1 x Ey x ... X En}

where
Ts, _ens@i)i € {1,2,...n}), Fs,_,pns(z)@ € {1,2,..,n}) € [0,1], and
T rrus(ar s,z () € {0, 1}
such that
0<Ts, ;rus@)+Fs, _;ons(x:) <1(i €{1,2,...,n}).
(10) an Intuitionistic Fuzzy Valued n—attribute Fuzzy Hypersoft Set(n — IFFHS—set) S,_1rrus

over U can be written as a set of ordered pairs as;
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Sn—IFFHS = {( (< 21,1, 1ppus (x1)7 0,Fs, irrus (xl) >, < 2,15, ;prus (wg),
0, FSn—IFFHS (3:2) >y ey < Ty TSanFFHS (mn)’ 0,
FSn—IFFHS (xn) >)’ {< U, TSn—IFFHS(wI,12)~~wn)(u)7 0,1— TSn—IFFHS(ajl7w27'~~$n)(u) >

u € U}) : (l’l,l’g, xn) S El X E2 X ... X En

where
TSn—IFFHS($i)(i € {1727---777'})’ FSn—IFFHS(xi)(Z. € {1,2,...,7?,}) € [O, 1]7 and
TsnleFHS(zlyx’z»-uxn)(u) € [07 1]
such that
0< TSn—IFFHS (xl> + FSTHIFFHS (ml) < 1(i € {17 2, 7n})
and
0< TSn,—IFFHS(JCl,ﬁCQ,-nxn,)(u) <L
(11) an Intuitionistic Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set(n —

IFIFHS—set) S,—_1rrras over U can be written as a set of ordered pairs as;

Sn—IFIFHS = {( (< L1, TSn—IFIFHS (.’171), 0, FSn—IFIFHS (.%'1) >, < T2, TSn—IFIFHS (.’[,'2),
0, FSnleIFHS (x2> 5y < Ty TSn—IFIFHS (xn)v 0,
FSn—IFIFHS ($n) >)7 {< Uu, TS?L—IFIFHS(w17w2,~~In)(u)7 0, FS?L—IFIFHS(wth,n‘iEn)(u) >

(RS U}) : ($1,$2,...xn) c By xEy x..x FE,

where

TSn,—IFIFHS(mi)(i € {1,2,...,77,}), FSn,—IFIFHS("Ei)(Z. € {1,2,...,11}) € [Oa 1]7 and
TSn,—IFIFHS(33173727---$n)(u)’ FSn—IFIFHS(xthy---mn)(u) € [07 1}

such that

0< TSn—IFIF‘HS (xl) + FSn—IFIFHS (wl) < 1(i € {17 2., n})

and

0< TSn—IFIFHS(-T17fE27»--$n)(u) + FSn—IFIFHS(-Tl7fE27~--In)(u) <1
(12) an Intuitionistic Fuzzy Valued n—attribute Neutrosophic Hypersoft Set(n — IFNHS—set)

Sn_1rNnHs over U can be written as a set of ordered pairs as;

Sn—IFNHS = {( (< ml?TSnleNHS (371), O?FSn—IFNHS (1‘1) >, < $27TSn—IFNHS (.%'2), 0,

FSn—IFNHS (.132) >y ey < T TSn—IFNHS (xn)’ 0, FSn—IFNHS (x’ﬂ) >)7
{< u, TsnleNHS(Il#EQv“-wn)(u)’ ISn—IFNHS(ll7w27---CEn)(u)7 FSn—IFNHS($17Z27---In)(u) >

u € U}) : (:L'l,xg,...l'n) c By xEy x..xE,

where

TSn—IFNHS (l‘z)(l € {la 2, "'7n})7 FSn—IFNHS (Iz)(l € {1’ 2. n}) € [07 1]5
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and
TSTL*IFNHS($11x27~~-zn)(u)7 ISn—IFNHS(x17$27---$n)(u)7 FSn—IFNHS(x17x27~---'En)(u) € [0’ 1]
such that
0< TSn—IFNHS (xl) + FSn—IFNHS (mz) < 1(7; € {15 2, 7”})
and
0< TSn—IFNHS(11»5E27-~»In)(u) + ISn—IFNHs(zth'z,--.ﬂﬂn)(u) + FSn—IFNHS(mbey---ZEn)(u) <3.
(13) a Neutrosophic Valued n—attribute Hypersoft Set(n — NHS—set) S,_nms over U can be

written as a set of ordered pairs as;

Sn—NHS = {( (< xlvTSanHs (1‘1), ISanHs (.131), FSanHs (xl) >, < x27TSn—NHS (1‘2),
ISanHs (1‘2), FSn—NHS (1‘2) >y ey < Ty TSanHs (93”), ISanHs (.Tn),
FSn—NHS (:En) >)7 {< u, TSn—NHS(3:173f27~--xn)(u)’ 0,1— TSn—NHS(xl,x2,~~xn)(u) >

uw€U}): (x1,22,..2n) € By X Ey X ... X En}

where
Ts, wus(@i)(@€{1,2,...,n}), Is, wus(®i)(@ €{1,2,...,n}), Fs,_yus(®i)(i €{1,2,...,n}) €
0,1], and T, ys(z1,20,...a,) (1) € {0,1}
such that
0<Ts, nus@i)+Is, nus@i)Fs, _yus(@i) <30 €{1,2,...,n}).
(14) a Neutrosophic Valued n—attribute Fuzzy Hypersoft Set(n — NFHS—set) S,,_nrps over U

can be written as a set of ordered pairs as;

Sn—NFHS = {( (< ‘rl?TSn—NFHS (1‘1), ISn—NFHS (x1)7FSn—NFHS (1‘1) >, < x27TSn—NFHS (w2>7
ISn—NFHS (1‘2), FSn—NFHS (1‘2) >y ey < Ty TSn—NFHS (xn)v ISn—NFHS (xn)’
FSn—NFHS (xn) >)7 {< U, TSrrL*NFHS(w17w2:~~~CEn)(u)7 0,1— TS?LfNFHS($1,12>~~-wn)(u) >

(RS U}) : ((El,.’EQ,...{En) € By x Fy x...x En}

where
TSn—NFHS (xl)(l € {15 2. TL}), ISn—NFHS (IZ)(Z € {1’ 2. n})7 FSn,—NFHS (zl)(z €
{1,2,...,n}) € (0,1}, and Ts, _, ys(z1,20,..0,) () € [0,1]

such that

0< TSn—NFHS (xl) + ISn—NFHS (Il)v FSn—NFHS (xl) < 3(i € {17 2, 777'})
and

0< TSn—NFHs(ILIQ,---an)(u) <1

(15) a Neutrosophic Valued n—attribute Intuitionistic Fuzzy Hypersoft Set(n — NIFHS—set)

Sn_nNIirHas over U can be written as a set of ordered pairs as;
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Sn—NIFHS = {( (< zl’TSn—NIFHS (x1)7ISn—NIFHS (I1)7an—NIFHS (551) >, < x27TSn—NIFHS (132),

ISn—NIFHS (xQ)a FSn—NIFHS (xQ) >y ey < Ty TSn—NIFHS (xn)v ISn—NIFHS (xn>’
FSn—NIFHS (xn) >)7 {< U, TSn,—NIFHS(m1’m2>---:En) (U’>7 0, FSn—NIFHS(111127~~»1n)(u) >:

ueU}): (z1,22,...00) € By X By X ... X En}

where

TSn—NIFHS(xi)(i € {1,2,...,?1}), ISn,—NIFHS(l'i)(i € {1,2,...,71}), FSn—NIFHS(zi)(i €

{17 2, n}) € [Oa 1]7 and TSn—NIFHS(iCI,x2,«~~xn)(u)’ FSn,—NIFHS($17$2,-~~$n)(u) € [0’ 1]
such that
0< TSn—NIFHS (xl) + ISn—NIFHS (xl)’ FSn—NIFHS (xl) < 3(7; € {17 2. n})
and

0< TSn—NIFHS(z175E27-~~In)(u) + FSW,—NIFHS(Il,IQw--iEn)(u) <L

3.3. NPNSS-aggregation operator

Definition 3.16. Let U be a universe, NS(U) be the set of all neutrosophic soft sets on U, E be a set
of attributes that are describe the elements of U, E; C E(i € {1,2,...,n}) be i set of attributes such
that E; N E; # 0, for all i # j, and ¢,j € {1,2,...,n} and N(E;) be the set of all neutrosophic set on
E;. Also, let S,,_nnHs be any a n — NNHS—set. Then NNHS-aggregation operator of S, _nynHS,
denoted by NINH S, is defined by

NNHS,y, : (N(Ey) x N(Ey) x ... x N(Ey,)) x NS(U) = F(U)

NPNSSqgq(N(E1) X N(E3) X ... x N(E,),NS(U)) = S*
where
S ={ps-(u)/u:ueU}
which is a fuzzy set over U. The set S* is called aggregate fuzzy set of the S,,_nynHs-

In here, the membership degree g« (u) of u is computed as follows

1
)= N Se(N,
Hs () = S TE X By x o x B 2 Se(N (@1, 22, ..2n))-S6(N(ay z....00) ()
(z1,22,..00)EE1 X EaX... X E,,

where
SC(N(Z‘l, T2, wn)) = (‘TSn—NNHS (mh L2, xn) +ISn—NNHS (mla L2, xn) _FvafNNHS('T:l’ T2, xn)‘)?
SC(N(wl,wg,...a:n)(u)) =

(‘TSn—NNHS(xl;3727~~-$n)(u) + ISn—NNHS(WMCUZv-Hxn)(U) - FSn—NNHS(xth’a-“xn)(U)D’

|Ey x By X ... X Ey| is the cardinality of Fy X Fy X ... X E,

and where

TSn—NNHS (1‘1, L2, an) = S(Tsn—NNHS (Il)v TSn—NNHS (I2)7 () TSn—NNHS (In)),
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ISn—NNHS (1‘1, L2, 937,) = t(ISn—NNHS (xl)v ISn,—NNHS (xQ)’ ) [Sn—NNHS (ITI»

and

FSTHNNHS (‘Tlv T2, xn) = t(FS’!LfNNHS (.1‘1), FSn—NNHS (332)’ ) FSn—NNHS (mn))

3.4. Algorithm

Let U be a universe set and E be a attributes set such that E; C E(i = 1,2, ...,n) that are described
by the elements of U. The algorithm for the solution is given below;

Step 1: Construct feasible an n — NNHS—set S,,_nyngs over U,

Step 2: Find the aggregate fuzzy set S* of S,,_nnms,

Step 3: Find the largest membership grade maz{pus= (u) :ueU}.

—NNHS

Example 3.17. Let U = {u1,u2,u3} be a universe, Ey, Fs,F5 C E = {x1,22,%3,24,25,T6} be

attributes sets such that

E; = Foreign language = {x; = English, x5 = French, x5 = German}

E; = Work experience = {x4 = computer, r5 = E-marketing}

E5; = Nationality = {2 = Turkish}
and let us consider the t-norm ¢(a,b) = a.b and s-norm s(a,b) = a + b — a.b. Then, suppose that a
company’s board of directors plans to get an expert personal for online trading the during COVID-19
pandemic. The process is summarized based on n — NN H S—sets as follows;

Step 1: We constructed feasible a 3 — NNHS—set S3_nynpgs over U as,

Ss_NNHS = {((< 21,(0.1,0.5,0.4) >, < x4, (0.2,0.8,0.9) >, < x4, (0.1,0.2,0.7) >);

{< u1,(0.2,0.7,0.4) >, < ug, (0.7,0.2,0.3) >, < ug, (0.5,0.6,0.2) >}),
((< 21,(0.4,0.8,0.9) >, < x5, (0.4,0.8,0.7) >, < 2, (0.7,0.4,0.9) >);
{< uy,(0.5,0.4,0.7) >, < ug,(0.2,0.3,0.7) >, < ug, (0.4,0.3,0.7) >}),
((< 22,(0.7,0.8,0.4) >, < x4,(0.3,0.5,0.1) >, < 2, (0.4,0.5,0.1) >);
{< u1,(0.4,0.5,0.3) >, < uy,(0.2,0.2,0.2) >, < ug, (0.8,0.7,0.4) >1}),
((< 12,(0.4,0.4,0.9) >, < w5,(0.4,0.5,0.2) >, < x4, (0.2,0.5,0.8) >);
{< uy,(0.5,0.6,0.7) >, < us, (0.8,0.5,0.5) >, < ug, (0.5,0.3,0.2) >}),
((< 25, (0.6,0.7,0.8) >, < x4, (0.5,0.7,0.1) >, < 2, (0.4,0.1,0.8) >);
{< u1,(0.1,0.2,0.8) >, < ug, (0.5,0.3,0.3) >, < ug, (0.5,0.4,0.6) >}),
(< x3,(0.7,0.4,0.1) >, < x5, (0.9,0.7,0.5) >, < x, (0.5,0.2,0.2) >);

{< u1,(0.8,0.3,0.7) >, < ug,(0.6,0.7,0.1) >, < us, (0.7,0.5,0.7) >})}
Step 2:We found the aggregate fuzzy set S* of S,,_nnHSs as,
S*

n

wvms = {u1/0.1581, u5/0.2139, u3/0.2001}
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Step 3: Finally, since the us has the largest membership grade, it is the best expert personal for

online trading on U.

4. Conclusion

In this study, hybrid set structure with hypersoft sets under uncertainty, vagueness and indeter-
minacy, called neutrosophic valued n—attribute neutrosophic hypersoft set, which is a combination of
neutrosophic sets [25] and hypersoft sets [31] was presented. The neutrosophic valued n—attribute neu-
trosophic hypersoft set (n — NN HS—set) generalizes the following hybrid sets as; n—attribute Hyper-
soft Set, n—attribute Fuzzy Hypersoft Set, n—attribute Intuitionistic Fuzzy Hypersoft Set, n—attribute
Neutrosophic Hypersoft Set , Fuzzy Valued n—attribute Hypersoft Set, Fuzzy Valued n—attribute Fuzzy
Hypersoft Set, Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set, Fuzzy Valued n—attribute
Neutrosophic Hypersoft Set, Intuitionistic Fuzzy Valued n—attribute Hypersoft Set, Intuitionistic Fuzzy
Valued n—attribute Fuzzy Hypersoft Set, Intuitionistic Fuzzy Valued n—attribute Intuitionistic Fuzzy
Hypersoft Set, Intuitionistic Fuzzy Valued n—attribute Neutrosophic Hypersoft Set, Neutrosophic Val-
ued n—attribute Hypersoft Set, Neutrosophic Valued n—attribute Fuzzy Hypersoft Set, Neutrosophic
Valued n—attribute Intuitionistic Fuzzy Hypersoft Set, neutrosophic parameterized neutrosophic soft
sets [13], and so on. Then, some definitions and operations on n — NN HS—set and some properties
of the sets which are connected to operations have been given. Finally, a decision making method on
the n — NN HS—set to show that this method can be successfully worked was developed. In the future
works, n — NN HS—sets can be expanded with new research subjects as; Matrices, neutrosophic num-
bers and arithmetical operations, relational structures, relational equations, entropy, similarity measure,
distance measuress, orderings, probability, logical operations, programming, implicators, multi-valued
mappings, mathematical morphology, algebraic structures, models, topology, cognitive maps, matrix,
graph, fusion rules, relational maps, relational databases, image processing, linguistic variables, deci-
sion making based on VIKOR, TOPSIS, AHP and ELECTRE I-II-I1I, preference structures, expert
systems, reliability theory, soft computing techniques, game theory and so on.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or

in the decision to publish the results.
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Abstract: Multi-criteria decision-making (MCDM) is concerned with coordinating and taking care
of matters of preference and preparation, including multi-criteria. Fuzzy soft set environments
cannot be used to solve certain types of problems if attributes are more than one and further
bifurcated. Therefore, there was a serious need to identify a new approach to solve such problems,
so a new setting, namely the Fuzzy Hypersoft Sets (FHSS), is established for this reason. In this
paper, we introduced some notions like union, intersection, subset, equal set, complement, null set,
absolute set etc. of Fuzzy Hypersoft sets. The study has been enriched with many suitable
examples to support the accuracy of the defined concepts. We also present an object recognition
system from an imprecise data on a multiobserver. Decision-making system involves the construct

of Comparison Table from a fuzzy hypersoft set in a parametric sense for decision-making.

Keywords: Soft sets, fuzzy sets, Hypersoft sets, Fuzzy hypersoft sets, Decision-making problem.

1. Introduction

Numerous complicated problems include unclear data in social sciences, economics, medical
sciences, engineering and other fields. These problems, with which one is faced in life, cannot be
solved classical mathematical tools. In classical mathematics, a model is designed and the exact
solution of this model is calculated. However, if the given situation contains uncertainty, solving
this model with classical mathematical method is very complex. Fuzzy set theory [1], rough set
theory [2] and other theories have been described to solve situations involving uncertainty. The
fuzzy set theory introduced by Zadeh has become very popular for uncertainty problems and has
been a suitable construct for representing uncertain concepts as it allows for the partial
membership function. Mathematicians and computer scientists have worked on fuzzy sets and
over the years many useful applications of fuzzy set structure have emerged such as fuzzy control

systems, fuzzy automata, fuzzy logic, fuzzy topology.
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some structural difficulties of fuzzy set theory and other theories, as Molodtsov [3] introduced
in 1999 when he presented the idea of soft set theory which is a completely new approach to
modeling uncertainty. Further generalizations and extensions have been the subject of many
efforts of the soft sets of Molodtsov. Maji et al. [4] by combining the fuzzy set and soft set
structure, it has created the fuzzy soft cluster structure, which is a hybrid structure. In other
words, a degree is added to the parameterisation of fuzzy sets when defining a fuzzy soft set.
The fuzzy soft set structure, which is a combination of soft set structure and fuzzy set structure,
has been actively used by researchers and many studies have been added to the literature [5Hg].
As a result of the intense interest of researchers in this subject, important developments
have been realized regarding the use of fuzzy soft set structure in decision-making problems.
Because the definition of unreal objects in soft sets is not restricted, researchers can choose the
parameter format they need, which greatly simplifies the decision-making process and makes it
more efficient when partial information is missing. Soft sets used Maji and Roy [9] for the first
time in decision-making problems. Chen [10] described the reduction of the parameterisation
of the soft set and discussed its application of the problem of decision-making. Cagman and
Enginoglu [11,/12] discussed theory of soft matrix and uni-int decision-making, choosing a
collection of optimal elements from various alternatives. Studies on decision-making problems
have taken place widely in the literature and have been studied by many researchers [13-23].

Smarandache [24] introduced new technique handling uncertainty. By transforming the func-
tionality into a multi-decision function, he generalized the soft set to hypersoft set. Although
Hypersoft set theory is more recent, it has attracted great attention from researchers [25-30].

In this paper, we have defined some basic concepts such as subset, equal set, union, inter-
section, complement, null set, absolute set, AND, OR operations on the fuzzy hypersoft set
structure. We also applied fuzzy hypersoft sets to solve the decision-making problem. We
have presented an appropriate decision problem by applying Roy and Maji’s method [15] to
fuzzy hypersoft sets. This study has the basic study feature in which the fuzzy hypersoft set

structure is introduced. Therefore plays an important role for many subsequent studies.

2. Preliminaries

Definition 2.1. [1] Let U be a initial universe. A fuzzy set A in U, A = {(u, ua(w)) : u € U},
where pup : U — [0,1] is the membership function of the fuzzy set A; pa(u) € [0,1] is the
membership v € U in A. The set of all fuzzy sets ove U will be denoted by F'P(U).

Definition 2.2. [3] Let U be an initial universe and E be a set of parameters. A pair (F, E)
is called a soft set over U, where F' is a mapping F' : E — P(U). In other words, the soft set

is a parameterized family of subsets of the set U.
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Definition 2.3. [4]Let U be a initial universe, E be a set of parameters and F'P(U) be the set
of all fuzzy sets in U. Then a pair (f, F) is called a fuzzy soft set over U, where f : E — FP(U)

is a mapping.

Definition 2.4. [24] Let U be the universal set and P(U) be the power set of U. Consider
e1,€e9, €3, ..., e, for n > 1, be n well-defined attributes, whose corresponding attribute values are
resspectively the sets Eq, Ey, ..., B, with E;NE; =0, for i # j and 4,5 € {1,2,...,n}, then the
pair (0, Fy x EsX...x Ey,) is said to be Hypersoft set over U where © : By x Eox...x E, — P(U).

3. Fuzzy Hypersoft Sets

Definition 3.1. Let U be the universal set and F'P(U) be a family of all fuzzy set over U and
FE1, Es, ..., E, the pairwise disjoint sets of parameters. Let A; be the nonempty subset of E;
for each i = 1,2,...,n. A fuzzy hypersoft set defined as the pair (0, A; x As x ... X A,) where;
©:A4; x Ay x ... x A, - FP(U) and

O(A; x Ag x ... X Ap) = {<u,0(a)(u) > u e Ua € Ay x Ag X ... x Ay, C By X By X ... X By}

For sake of simplicity, we write the symbols X for £ X Fo X ... X E,, I' for A; X Ay x ... X A,
and « for an element of the set I'. The set of all fuzzy hypersoft sets over U will be denoted

by FHS(U,X). Here after, FHS will be used for short instead of fuzzy hypersoft sets.

Definition 3.2. i) A fuzzy hypersoft set (0,T') over the universe U is said to be null fuzzy
hypersoft set and denoted by 0y, ) if for all w € U and € € T', ©(¢)(u) = 0.

ii) A fuzzy hypersoft set (©,I") over the universe U is said to be absolute fuzzy hypersoft
set and denoted by 1(y,,, ) if for all u € U and € € T', ©(¢)(u) = 1.

Example 3.3. Let U be the set of computers given as U = {u1, u2,us} also consider the set

of attributes given as;

E, = CPU Type = {Amd(a1), Intel(az)}
E; = Case Size = {Mid Tower(f1), Full Tower(f2), Compact Case(f3)}
Es = Hard Drive = {1TB(v1), 512GB(v2), 256GB(~3)}

Suppose that
A = {ag}, Ay = {52, 03}, A3 = {71,72}
By = {ai,a0}, By ={p1,52},B3 = {m}

are subset of E; for each i = 1,2, 3. Then the fuzzy hypersoft sets (©1,1'1) and (©2,T'2) defined

as follows;
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3

(@1,F1)={ (a2, B2, 7)), 04} < (a2, B2,72), .
<a27/337%>{ oi’} (aQ,ﬂg,m{ Og}>

< (a1, B, ) A g 0%} >, < (o, B2, ),
< (a2, B1,71), { ost > < (az,B2,m),

Corollary 3.4. It is clear that each fuzzy hypersoft set is also fuzzy soft set. An example of

O

@

(02,T2) = {

this situation is provided below.

Example 3.5. We consider that Example{3.3] If we select the parameters from a single
attribute set such as F; while creating the fuzzy hypersoft set, then the resulting set becomes
the fuzzy soft set. Therefore, it is clear that each fuzzy hypersoft set is also fuzzy soft set.That

is, the fuzzy hypersoft set structure is the generalized version of the fuzzy soft sets.

Definition 3.6. Let U be an initial universe set (01,I'1), (02,T'2) be two fuzzy hypersoft sets
over the universe U. We say that (01,'1) is a fuzzy hypersoft subset of (©2,T'2) and denote
(01,T1)C(0s,Ty) if

i)'y C Ty

ii) For any € € I'1, O1(g) C Oa(e).

Definition 3.7. Let U be an initial universe set (©1,1'1),(02,I'2) be two fuzzy hypersoft
sets over the universe U. We say that (01,1'1) is fuzzy hypersoft equal to (©2,I'2) and denote
(01,T1)=(02,T9) if (0©1,11) is a fuzzy hypersoft subset of (02,I'2) and (©9,T'2) is a fuzzy
hypersoft subset of (01,1'1).

Theorem 3.8. Let U be an initial universe set and (01,T1), (02,T'2), (03,T'3) be fuzzy hyper-
soft sets over the universe U. Then,

i) (6, 111)61(UFH )

i) Oy 3 C(O,T1),

ii) (©1,11)C(O02,T2) and (O2,T3)C(O3,T'3) = (01,I1)C(03,T'3).

Proof. Straightforward.

Definition 3.9. The complement of fuzzy hypersoft set (0,I") over the universe U is denoted
by (©,T)¢ and defined as (©,1')¢ = (0, T'), where ©¢(e) is complement of the set ©(e), for
eel.

Example 3.10. According to Example{3.3] consider the fuzzy hypersoft set (©1,T1) over the

universe U = {u1, ua, us}.
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< (a2, B2,71), < (a2, B2,72),
(@1’ Fl) = us u2 U3
(062763,’71) { 0,67 () } > < (0427/837"}/2) { 49 075} >
Then the complement of (©1,'1) is written a

(052752771) 0778%71?}> <(Oé2,62,’)/2) { 7&%)&3} >,
{ )

<(az, B3, 1), {5 Fo5} > < (a2,83,72) . { T 6% 05 >

(©1,1) = {

Theorem 3.11. Let (0,T") be any fuzzy hypersoft set over the universe U. Then,
i) ((©,1))° = (6,T)
ZZ) OEUFH,E) = 1(UFH:E)

1) 1y 3 = OUri )

Proof. Proofs are trivial.

Definition 3.12. Let U be an initial universe set and (01,I'1), (©2,T'2) be two fuzzy hypersoft
sets over the universe U. The union of (01,T'1) and (©3,I'2) is denoted by (01,1'1)UJ(602,I'2) =
(@3,F3) where I's =T'; UT'5 and

@1(5) if eel’y -1y
93(6) = @2(5) if e¢ I'y — 17y
max{ @1(5),@2(8)} if eel’1NTy

Theorem 3.13. Let U be an initial universe set and (01,T1),(02,1'2), (03,T'3) be two fuzzy
hypersoft sets over the universe U Then;

i) (©1,T1)U(01,T1) = (©1,T)

1) Oy, sy U(O1,T1) = (01,T1)

i1) (01, T1) Uy sy = Lvpn,s)

iv) (©1,T1)0(02,T3) = (02,T2)U(O1,T)

v) ((©1,T1)0(02,I'2)) U(O3,T'3) = (01,T1)U((O2,12)J(O3,T's))

Cl Cz

Proof. Proofs are trivial.

Definition 3.14. Let U be an initial universe set and (01,1'1), (©2,T'2) be fuzzy hypersoft sets
over the universe U. The intersection of (©1,T'1) and (©2,T's) is denoted by (01, T1)N (O, Ts) =
(©3,I'3) where I's =T'; N T’y and each € € I's, O3(¢)(u) = min{ ©1(c)(u), O2(e)(u)}.

Theorem 3.15. Let U be an initial universe set and (©1,1'1),(02,I2), (03,1'3) be fuzzy hy-
persoft sets over the universe U. Then;
i) (©1,T1)N(01,T1) = (01,T})
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i) 0w,y N(O1,T1) = O,y 3)

iii) (01, T1) M (5 = (01,T1)

w) (©1,T1)N(O2,T2) = (02, T9)N(O1,T1)

v) ((©1,1'1)N(02,12)) N(O3,T3) = (01,I'1)N ((O2,T2)N(O3,T3))

Proof. Proofs are trivial.

Definition 3.16. Let U be an initial universe set and (©1,1'1),(02,I'2) be two fuzzy hy-
persoft sets over the universe U. The difference of (01,I'1) and (02,I'3) is denoted by
(©1,T1)\(02,T3) = (O3,Ts) and is defined by (61,T1)(02,T3)¢ = (03,T3) where I's =
Ihyuly

Example 3.17. We consider that attributes in Example{3.3] Then the fuzzy hypersoft sets
(©1,T1) and (©1,T'1) defined as follows;

(@1 Fl) — < (0‘2752/71)7 3 (a27ﬂ2772) uz }
’ < (042763,’}/1) gf %} >, < (0427637’)/2) { } > ’
(@2 F2): { < (041,51:71) {7174 7} >, < (a17/82,’)/1) { 6}> }
) <(0427/81a/71)7 6“770%} >,<(O¢2,ﬁ2,'yl) 5’07}>

The union, intersection and difference operator of above IFHSS is written as;

< (2, B2, M), {5h: 0% 05} >0 < (@2, 82,72), {55: % 03} >
- ag, B3, 4 >, < (a2, 3,72), {2, 52} >,
(©1,I'1)U(02,T2) = < a2, 5 fﬂ) ?L ot} (62, %5.72) {%4 %35}
(alvﬂl 71) 0, 707} >, < (alaﬁ%’}/l)u{oéu 0,6} >,

(O[27B1,71)7 {0777 (Q)L%} >
(042,52’71)7{%} >}

4} >, < (a2, B2,72): {55 0% o1t > }
>, <(a27/837’)/2) {04,05}>

(01,T1)N(02,T2) =

37

(©1,T1)\(O2,T) = { < (a2, 82, m), *g

< (042, /837 Ba! 67 7
Theorem 3.18. Let U be an initial universe set (01,1'1), (©2,'2) be fuzzy hypersoft sets over
the universe U. Then De-Morgan Laws are hold.

Z) ((617 Fl)o(®27 FQ))C = (@17 Fl)cﬁ(627 FQ)C

i)((01,T1)N(02,I'2))" = (01,T'1)°U(02,T'2)°

Proof. We only prove ((01,T'1)U(02,T2))° = (©1,T1)°N(O2,T'2)¢. The other properties can be
similarly proved. Suppose that ((01,T1)J(02,T2))" = (K,T1 UTs) and (©1,T1)°N(02,T2)¢ =
(I,T'1 UT9). For any € € I'; N9, we consider the following cases.

Case 1: ¢ € Iy — T'g. Then K(g) = ©§(e) = I(¢).
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Case 2: ¢ € I'9 — T'1. Then K(g) = ©5(¢) = I(¢).

Case 3: e € I'y NI'y. Then K(&) = (0@1(6)(u) N 091(5)(u)79@2(5)(u) ) 0@2(5)(u)) = @f(é) N
©5(e) = I(e).

Therefore, K and I are same operators, and so ((©1,11)J(02,T3)) = (01,11)°N(O2,T)C.

Definition 3.19. Let U be an initial universe set and (0©1,'1), (02,I'2) be fuzzy hypersoft
sets over the universe U. The ”AND” operation on them is denoted by (01,I'1) A (©2,T'2) =
(T,I'y x I'9) is given as;

(T, Ty xT9) ={(e1,e2), < u, Y(e1,e2)(u) >:u € U, (e1,e2) € I'1 x 'y}
where
T(e1,2)(v) = {< u,min {O1(e1)(u), O2(e2)(w)} >}

Definition 3.20. Let U be an initial universe set and (©1,1'1),(02,T'2) be fuzzy hypersoft
sets over the universe U. The "OR” operation on them is denoted by (©1,I'1) V (02,T'2) =
(T,I'y x I'9) is given as;

(T, Ty xT9) ={(e1,e2), < u, Y(e1,e2)(u) >:u € U, (e1,e2) € I'1 x 'y}
where
T(e1,e2)(u) = {< u,max {O1(e1)(u), O2(e2)(u)} >}

Theorem 3.21. Let U be an initial universe set and (01,T'1), (02,T'2), (©3,T'3) be fuzzy hy-
persoft sets over the universe U. Then;

i) (01,T1) V[(©2,T2) V (03,T3)] = [(©1,T'1) V (O2,T2)] V (©3,I'3)

ii) (01,T1) A [(©2,T2) A (O3,T3)] = [(©1,T'1) A (O2,T2)] A (©3,T'3)

Proof. Straightforward.

Theorem 3.22. Let U be an initial universe set and (01,11), (©2,T2) be fuzzy hypersoft sets
over the universe U Then;

i) [(©1,T1) v (02,12)]° = (01,T1)° A (02,T2)°

ii) [(©1,T1) A (02,T9)]° = (©1,T1)¢ V (02,T2)".

Proof. We only prove (i). The other properties can be similarly proved.
For all (e1,e2) € 'y x 'y and u € U,

(01,T1) V (02,T2) = {<u,max{Oi(e1)(u),O2(e2)(u)} >},
[(©1,T1) vV (02, 12)]° = {<u,1—max{O1(e1)(u), Oz(e2)(w)} >}
= {<u,min{l —0O;(e1)(u),1 — Oa(e2)(u)} >}
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On the other hand,

(01,T1) = {<u,1-01(e1)(u) >:ueUe €'}
(@2,F2)c = {<u,1—@2(62)(u) >2U€U,€2€F2}

Then,

(917F1)C A (@2’F2)c _ {< u,mjn{l — @1(61)( ) 1 — O 82)( )} >}
= [(©1,11) V (02,T)]°

Hence, [(@1,F1) Vv (@2, Fg)]c = (@1,F1)C VAN (@2, Fg)c is obtained.

Example 3.23. We consider that attributes in Example{3.3] Then the fuzzy hypersoft sets
(©1,T'1) and (O2,I'y) defined as follows;

:\.
S -

(©1,T1) :{ (a2, B2,m), {55, 53} > < (@2, B2,72). {55 0% o1t > }
) ) ,

(062 /83771) { 6707} > < (042,537’)/2 {0 70%} >

ﬁ

(alvﬁ%’)/l)’{ 72 (;l;?é} >7 }
(a2aﬁ2>71)7{0’%7&?7} >

Let’s assume (a2, B2,71) = m, (o2, B2,72) = n2,(a2, B3, 1) = n3,(2, B3,72) = ma in (O1,T)
and (0417517’71) = klv(glvﬁb’}/l) = k‘g,(O&Q,Bl,'}/l) = k37 (042762771) = k4 in (62’F2) for easier

operation. The tabular forms of these sets are as follows.

) < (a1, 81,m), {
(62.T2) _{ < (0, By ), {2

07t >
o8 >

(©1,11) w1 uz ug
m 0,3 0,4 0
0,2 0,5 0,1
s 0,6 0 0,7
" 0 0,4 0,5

Table 1: Tabular form of FHSS (01,T')

and
(©2,T2) w1 uz g
kL 0,4 0 0,7
ko 0 0,3 0,6
ks 07 0 0,8
k4 0 0,5 0,7
Table 2: Tabular form of FHSS (02,T'2)

Then the ” AND” and ”OR” operations of these sets are given as below.
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(01,T1) A (02,T2) w1 wg w3

m x kp 0,3 0 0
m X ko 0 0,3 0
m x ks 0,3 0 0
m X ks 0 0,4 0
-~ 0,2 0 01
1 X ko 0 0,3 0,1
— 0,2 0 01
n2 X ky 0 0,5 0,1
— 0,4 0 0,7
1 X ks 0 0 0,6
n3 X k3 0,6 0 0,7
- 0 0 07
- 0 0 05
Mg X ko 0 0,3 0,5
s X ks 0 0 0,5
N4 X ky 0 0,4 0,5

Table 3: Tabular forn of FHSS (©1,I'1) A (O2,1'2)
(01,T1) V(O2,T2) ur  uz us

m x ky 0,4 0,4 0,7
m x ko 0,3 0,4 0,6
m X k3 0,7 0,4 0,8
m x ky 0,3 0,5 0,7
N9 X ki 0,4 0,5 0,7
o X ko 0,2 0,5 0,6
no X k3 0,7 0,5 0,8
no X ky 0,2 0,5 0,7
N3 X k1 0,6 0 0,7
ng X ko 0,6 0,3 0,7
n3 X k3 0,7 0 0,8
N3 X kg 0,6 0,5 0,7
na X ky 0,4 0,4 0,7
N4 X ko 0 0,4 0,6
Ny X ks 0,7 0,4 0,8
na X ky 0 0,5 0,7

Table 4: Tabular form of FHSS (01,T'1) V (02,T3)
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4. Application in Decision-Making Problem

The comparison table of fuzzy hypersoft set (0©,T") is a square table in which the number
of rows and number of columns are equal, rows and columns both are labelled by the objects
names ui, U, ..., Un of the universe U and the entries ¢;; (i,7 = 1,2,...,n) is the number of
parameters for which the membership value of u; exceed or equal to the membership value of
uj. Clearly 0 < ¢;; < k where k is the number of parameters in a fuzzy hypersoft set. Thus,
¢ij indicates a numerical measure and integer number which is u; dominates u; in ¢;; number

of parameters out of k parameters.

4.1. Column Sum, Row Sum and Score value of an Object

a: The row sum of object u; is denoted by r; and calculated by following formula,

n
r, = E cij
J=1

It is clear that r; indicates the total number of parametersin which u; dominates all
the members of U.

b: The column sum of object u; is denoted by ¢; and calculated bu following formula,

n
tiz E Cij
=1

It is clear that ¢; indicates the total number of parametersin which u; dominates all
the members of U.

c: The score value of u; is S; and calculated by following formula,

SZ':Ti—ti

4.2. Algorithm

The problem here is to select an object from the set of objects given based on a set of
parameters I'.  We now present an object recognition algorithm, based on input data from

multiobservers defined by age, foreign language knowledge and education.

(1) Input the fuzzy hypersoft sets (©1,1'1), (02,T2), (03,T3).

(2) Input the parameter set ¥ as observed by the decision makers.

(3) Compute the corresponding resultant fuzzy hypersoft set from the fuzzy hypersoft sets
(©1,T1),(02,T'9), (03,T'3) and place the tabular form.

(4) Construct the Comparison Table of the fuzzy hypersoft set and compute row sum 7;
and column sum ¢; for wu;.

(5) Compute the Score value of u;.

(6) The decision is Sy = max S;
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(7) If k has more than one value then any one of uj; may be chosen.

4.3. Application

Consider the problem of selecting the most suitable staff from the set of staff with respect
to a set of choice parameters. Let U be the set of staff given as U = {uy, ua, us, usq, us} also
consider the set of attributes as E1 = Age, Fs = Foreign language knowledge, F'3 = Education,

and their respective attributes are given as

E; = Age={18-25(c), 25-30(cv2), 30-35(cx3)}
E; = Foreign language knowledge = {English(f;), Turkish(f2), German(5s3)}
Es = Education = {BSc(y1), MSc(y2), PhD(v3)}

Suppose that

A1 = {az}, A2 ={p1, B}, A3 = {72,713}
By = {ai,}, By = {2, 03}, B3 = {73}
Cr = {ap,a3}, Ay ={B1,03}, A3 = {1}

are subset of E; for each i = 1,2, 3. Then the fuzzy hypersoft sets (©1,1'1) and (©2,T'2) defined

as follows;

Ui u2 U3z Uq u2 u3 U4

((_)1 1_‘1): (ad)/Bla’YQ) {ﬁa%)%v%aﬁ}> < (a37/615’y3)7 %7%7%7%5ﬁ}>
) 3
(Oég,ﬁg,’}@) ﬁyﬁaﬂvﬂvﬁ} >, < (a3aﬁ27’73)7{ﬁvmaﬂaﬁ>ﬁ} >

< (042,52,’73)7 leﬁ, 0,603 ﬁ} >, < (O[Q,ﬁg,”yd)’{%’%’ 8%’ %’W} >

(@2 F2) _ { < (a17/827'73)7 %7%7%7%7 ﬁ} > < (a17ﬂ3773), 61727%7%7 57417 ﬁ} > }
)
(@3 FS): < (O‘%Blaryl)?{@?%a%a%vﬁ}> < (042763,'}/1) {ﬁ7%7%7%’ﬁ} >,
)
< (a37/61771)7{%7%7%a%7ﬁ}> < (Ck3,63,’71) {ﬁa%vﬁa%aﬁ}>

The tabular representions of (©1,1'1), (02,'2), (03,I'3) are shown in Table 5-7.
(©1,T1) up Uz Uz U4 Up
as, b1,7v2)=m 0,4 0,5 0,6 0,1 0,8
as, b1,7v3) =n2 0,4 0,2 0,6 0,1 0,3
as, B2,v2) =mn3 0,2 0,7 0,4 0,4 0,5
as, B2,v3) =n4 0,7 0,1 0,4 0,2 0,6
Table-5: Tabular form of FHSS (04,1')

~—~ T~
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(02,T2) ur Uz U3 uUg  Us
(o1, B2,73) =k1 0,8 0,4 0,7 0,3 0,8
(o1, B3,73) =ky 0,4 0,5 0,6 0,1 0,8
(a2, B2,73) = ks 0,2 0,2 0,6 0,3 0,1
(a2, B3,73) = k4 0,5 0,5 0,1 0,1 0,7
Table-6: Tabular form of FHSS (©2,T'3)

(@3,F3) up up Uz U4 Us
(a2, B1,m) = 0,2 0,3 0,1 0,7 0,6
(a2, B3,71) =mg 0,6 0,2 0,3 0,3 0,1
(a3, B1,71) =ms 0,7 0,5 0,8 0,4 0,8
(a3, B3,71) =myg 0,3 0,4 0,1 0,6 0,5

Table-7: Tabular form of FHSS (03,1'3)

Now let’s see how the original problem can be solved using the algorithm. Consider the

fuzzy hypersoft sets (©1,1'1), (02,'2) as defined above. If we perform (01,I'1)

we will have 4 X 4 = 16 parameters.

VAN (@2, Fg) then

If we require fuzzy hypersoft set for the parameters

R = {m X k1,m2 X ka,n3 X ka,m3 X k3,ns X k1}, then we obtain the resultant fuzzy hypersoft

for the fuzzy hypersoft sets (01,1'1), (02,I'2). So, after performing (01,1'1) A

(0©2,I'y) for some

parameters the tabular form of the resultant fuzzy hypersoft set (K, R) will take the form as

Table-8,

(K,R) w
m x k1 0,4
ne X kg 0,4
ns X ky 0,2
n3 X ks 0,2
e Xk 0,7

U2
0,4
0,2
0,5
0,2
0,1

u3
0,6
0,1
0,4
0,4
0,4

Uy
0,1
0,1
0,1
0,3
0,2

us
0,8
0,3
0,5
0,1
0,6

Table-8: Tabular form of FHSS (K, R)

Consider the fuzzy hypersoft sets (01,I'1), (©2,T'2) and (©3,T'3) as defined above.Suppose

that P be set of choice parameters of a decision maker.

On the basis of this parameter we

have to take the decision from the availability set U . The tabular representation of resultant

fuzzy hypersoft set (S, P) will be as. (Table 19).

(S, P)
(m x k1) x my
(M2 X ky) x mg3
(n3 X k2) X ma
(m3 X k3) x my

(774 X kl) X ms3

Uy
0,2
0,4
0,2
0,2
0,7

U2
0,3
0,2
0,2
0,2
0,1

u3
0,1
0,1
0,3
0,1
0,4

Uyq
0,1
0,1
0,1
0,3
0,2

us
0,6
0,3
0,1
0,1
0,6

Table-9: Tabular form of FHSS (S, P)
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The comparison table of the above resultant fuzzy hypersoft set is as below,

U U2 U3 Uq4 Us

u 5 4 4 4 4
uw 3 5 3 3 2
ug 1 2 5 4 2
g 1 2 3 5 2

us 1 3 4 4 5
Table-10: The comparison table of the above resultant fuzzy hypersoft set

Next we compute the column sum, row sum and score value for each u; as shown following,

Row Sum(r;) Column Sum(t;) Score(S;)
U1 21 11 10
U3 16 16 -0
u3 14 19 -5
Ug 13 20 -7
Uus 17 15 2

Table-11: The row sum, column sum and score of u;
From the above score table, it is clear that the maximum score is 10, scored by u;. Therefore

the decision is in favour of selecting u;.

5. Conclusion

In the present paper, Fuzzy Hypersoft set’s operations such as like subset, union, intersec-
tion, equal set, complement, AND and OR are introduced. The validity and complementarity
of the proposed operations and meanings is checked by presenting the correct example. Fuzzy
hypersoft set NHSS would be a new method for correct selection in decision taking prob-
lems. we give also an application of fuzzy hypersoft theory in object recognition problem. The
recognition strategy is based on collection of data parameters for multiobserver inputs. The al-
gorithm involves constructing the Comparison Table from the resulting fuzzy hypersoft set and
making the final decision based on the maximum score determined from the Comparison Table
(Tables 10 and 11). In order to expand our work, more research should be undertaken to study
the issues of reducing fuzzy hypersoft sets parameterization, and to explore the possibilities of
using the fuzzy hypersoft sets method to solve real-world problems such as decision-making,
forecasting, and data analysis. Matrices, similarity measure, single and multi-valued, interval
valued, functions, distance measures, algorithms: score function, VIKOR, TOPSIS, AHP of
Intutionistic Hypersoft set will be future work. Also, in the topological field, topics such as
fuzzy hypersoft topological spaces, separation axioms, compactness, connectedness, continuity

can be studied in the future.
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Abstract: The main aspect of this study is to broaden the concept of intuitionistic fuzzy hypersoft
set (IFHSS) and apply it as intuitionistic fuzzy hypersoft matrix IFHSM). Fundamental workings
of intuitionistic hypersoft matrices have been elaborated through suitable examples. Analytical
study of common operations of IFHSM has been devised. A new algorithm, based on score
function, has been constituted to represent decision-making issues and these issues can now be
defined as numerical values to elaborate the hiring of employees for a private firm.
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1. Introduction

Zadeh L.A introduced the concept ‘Fuzzy sets’ to deal with the problem of uncertainty in 1965 [1].
Many problems arising due to uncertainty in many applications have been successfully dealt by
using fuzzy sets and fuzzy logic. In 1975, Zadeh [2] introduced the interval valued fuzzy sets. This
concept emphasized on the degree of membership of an element on closed subinterval of [0,1]
rather than an element of [0,1]. Fuzzy set theory can better handle the problem of uncertainty that
is due to unclarity or incomplete belonging of an element in a set, but it has its limitations when

dealing with various real physical problems or incomplete data.

Atanassov [12] in 1986 worked on the generalization of fuzzy set known as intuitionistic
fuzzy set (IFS). For the first time, the concept of natural hesitation occurring in human beings’
brain was awarded a membership or non-membership value in closed interval, so that the impact
and effect of uncertainty could be portrayed realistically as happening in real world during
decision making processes. It has been seen that situations where insufficient data is present,

membership values may not be possible up to the level of our satisfaction. The same happens with
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the non-membership values as allocating them values is not sometimes possible and degree of
hesitation remains. In such scenarios, fuzzy set theory cannot be used effectively and this is where
intuitionistic fuzzy set theory plays its role. In fact, the problems for which fuzzy set theory is
used, these problems can be solved by intuitionistic fuzzy set theory as well and it is well suited
for solving complicated problems. Hence, IFS has been found quite effective in dealing and

solving the issue of uncertainty. [12,13]

In 1999, Molodtsov introduced a new mathematical tool know as soft set to deal with the
complexities arising due to uncertainties. He demonstrated the way in which soft sets could be
used. Their application can be used in game theory, operation research, Peron integration,
Riemman-integration, probability, theory of management etc. Presently, much progress is being

made in the working and applications of the soft set theory. [25,27]

The parameters in soft set theory are fuzzy concepts taken from the fuzzy set theory. Hence,
set soft is a specified classification of subsets of the universe. Results have been projected by the
application of using fuzzy soft sets in decision making in the works of Roy and Maji [32].
Measures showing similarity in fuzzy soft sets were proposed by Majumdar and Samanta [24]. By
minimization of fuzzy soft sets, Yang et al. [37] did an analysis of decision-making problems using
fuzzy soft sets. The idea of soft number, soft integral and soft derivative was developed through
an analysis relying on the theory of soft sets. The problems of soft optimization were solved
through this manner by Kovkov et al. [21]. For the forecasting of the volume of export and import
in international trade, using fuzzy soft sets of soft set theory were introduced by Xiao et al. [34].
For the studying of business competitive capacity evaluation, Xiao et al. [35] also introduced soft

set theory.

Solutions regarding data analysis due to the conditions of incomplete information by using soft
sets were introduced by Zou and Xiao [38]. These solutions, by using soft sets, reflect the accurate
state of incomplete data. Problems arising with the classifications of natural textures were dealt by
a new algorithm by Mushrif et al. [28]. Analysis of various operations of soft sets was introduced
by Ali et al. [14].

The idea of intuitionistic fuzzy soft set theory made up of intuitionistic fuzzy set and soft set
models was introduced by Maji et al. [41-42]. Interval-valued fuzzy soft sets containing the

combination of interval-valued fuzzy set and soft set models was worked upon by Yang et al. [42]

Importance of matrices cannot be ignored in the fields of science and engineering. But due to
uncertainties arising due to imprecision in the nature of our environment, classic matrix theory
cannot meet the demand of solving the problem of uncertainty. However, fuzzy soft sets
represented as matrices were successfully used in the process known as fuzzy soft matrix to deal
with the problems of decision making by Yong Tang and Chenli [39]. Jafar et al [30] worked on
IFSS in Selection of Laptop.
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Recently in 2018, another tool was created by Smarandache [43] in diversifying the modes
available in overcoming the problems related to uncertainty. He generalized soft set theory to

hyper soft set theory.

The propose of this research work is to introduce a new tool of dealing with uncertainty by
combining intuitionist fuzzy set theory with hyper soft set theory. This combination of the two
theories will make a new tool by the name of ‘Intuitionistic fuzzy hyper soft set’. Later on, it

would be converted in the form of intuitionistic fuzzy hyper soft matrix.

2. Preliminaries
Definition 2.1: Fuzzy set

A pair (U,e) is said to be fuzzy set if there exist a function e:U — [0,1] where U is set. The
function e = y; is called membership function of the fuzzy set 4 = (U, e).

Definition 2.2: Soft set

Let U be the universal set and p(U) be the power set of U. Let A be the set of attributes then the
pair (F, U) is said to be soft set over U if F: 4 - p(U).

Definition 2.3: Hypersoft set

Let U be the universal set and P(U)be the power set of U. Suppose hy, hy, hz...h, where n>1
be n distinct attributes whose corresponding attributive values respectively the sets
H,,Hy H; ...H, with H;nH; = @,i #j and i,je{0,1,2,3...n} then the pair (F,H; X Hy X Hy %
.. X Hy),where F:H; X Hy, X Hy X ..x H, = P(U) is called a hypersoft set over U.

Definition 2.4: Intuitionistic fuzzy soft set

Consider U is a universal setand E be the set of parameters. Let P(U) denote the set of all
intuitionistic fuzzy sets of U. Let A € E. A pair (F,E) is an intuitionistic fuzzy soft set over U,
where is mapping givenby F: 4 > P(U) .

Definition 2.4: Intuitionistic fuzzy Hypersoft set (IFHSS)

Let E be the initial universe of discourse and P(E) is the set of all possibilities of E. suppose
hy,hy, hs ...h, wheren>1 be n distinct attributes whose corresponding attributive values
respectively the sets H;, H,, H ... Hywith H; N H; = @,i # j and i, je{0,1,2,3, ...,n} then the relation
Hy X H, X H3 X ...X H, = a then the pair (F,a) is said to be Intuitionistic fuzzy hypersoft set
(IFHSS). F:H, X Hy X Hy X ...x H, = P(E) and F(Hy X Hy X Hy X ..x Hp) ={<
x,u(F (a)),y(F (a)) >, xeE } where u is the value of membership and y is the value of
non-membership such that u: E = [0,1],,y: E = [0,1] and also
0< ,u(F(a)) + y(F(a)) <2
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3. Calculations

Definition 3.1: Intuitionistic fuzzy Hyper Soft Matrix (IFHSM): Let F = {f',f%, ...,f"} be the
universal set and P(F) be the power sets of F. Suppose Ti, Tz ..., Tm Where a 2 1, a be the
well-defined attributes , whose corresponding attributive values are T¢,Tb,.., T4 and their
relation is T X T3 X ... X T4, where a,b,c, ...,z = 1,2,..,n then the pair, (F,T¢xThx..x
TZ,) is said to be Intuitionistic fuzzy Hyper Soft set over F where F:(T¢ X T3 X ..X T%) -
P(F) and it is define as F(T? X T3 X . X TZ) = {<f,Te(),Fc() > fEF,£€ (T¢ X Th X . X TZ)}.
Let Dg = Tf X T3 X ...X T4 be the relation and its characteristic function is Yp,: (T X T3 X ... x
TZ) = P(F) and it is define as Y, = {< f,Te(),Fe(f) > fEF,£ € (Tf X T3 X .. X T&)} . Then the

Tabular form of D is given as

Table 1: Tabular form of D;

Tt T3 T
I Yo, (1 TH) Yo, (F,T3) Y, (75, Th)
fZ YDE(fZ' T%) YDEGQ' TIZJ) o YDE(fZ! T‘fn)
fn YDE (fn’ T?) YD£ (fn: TIZJ) o YDE (fn' Tﬁ’l)

If Q;; =Y, (. TF) wherei=1,23...n,j=1,23..m, k=ab,c,...,.z

Then a matrix is defining as

Qll Q12 le
[Qij]nxm = QZl QZZ sz
in an Qnm

Where Q;; = (TT;;(fi). Fpe(f), f; € F, T € (T8 X T3 % .. X Tfn)) = (T F)

Thus, we can represent any Intuitionistic Fuzzy Hyper Soft Set in term of Intuitionistic Fuzzy

Hyper Soft matrix.
Example 3.1.1:

To illustrate the working of this theory, a need arises for a company to hire an employee to fill one

of its vacant spaces. A total of five promising applicants apply to fill up the vacant space. From
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the human resources department of the company, a decision maker (DM) has been tasked for

selection.

Let U = {f5, %13, f*, f°} be the set of five applicants also consider the set of attributes as

Ty = Qualification, T, =Exprince, Ts = Age, T, =Gender
And their respective attributes are

T¢ =Qualification = {BS Hons., MS, Ph.D., Post Doctorate}
T3 =Exprince= {5yr, 7yr, 10yr, 15yr}

T§ =Age= {Less than thirty, Greater than thirty}

T4 =Gender= {Male, Female}

Let the function be F: T¢ X T3 X TS X T¢ = P(U)

Blew are the Intuitionistic values table from different dissuasion maker

Table 2: Decision maker Intuitionistic values for Qualification

?(Qualification) i 2 £ f* f
BS Hons. (0.5,0.7) (0.3,0.5) (0.5,1.0) (0,09) (0.6,0.5)
MS (0.3,0.8) (0.1,0.6) (0.1,0.3) (0.2,0.5) (0.3,0.9)
Ph.D. (0.9,1) (0.4,0.6) (0.6,0.8) (0.1,0.9) (0.1,0.7)
Post Doctorate (0.2,0.3) (0.3,0.4) (0.4,0.5) (0.5,0.6) (0.6,0.7)

Table 3: Decision maker Intuitionistic values for Experience

T2 (Experience) ft 2 f3 * 5
5yr (0.4,0.7) (0.1,0.3) (0.2,0.4) (0.3,0.5) (0.4,0.6)
7yr (0.5,0.7) (0.6,0.8) (0.7,0.9) (0.8,1) (0.9,0)
10yr (0.4,0.7) (0.5,0.8) (0.6,0.9) (0.7,1) (0.8,0.3)
15yr (0.1,0.5) (0.2,0.6) (0.3,0.7) (0.4,0.8) (0.5,0.9)
Table 4: Decision maker Intuitionistic values for Age

T5(Age) f! f £ f! f
Less than thirty (0.6,0.8) (0.6,0.9) (0.3,0.5) (0.4,0.8) (0.5,0.9)

Greater than thirty (0.7,1) (0.5,0.7) (0.3,0.7) (0.5,0.6) 0.9,1)
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Table 5: Decision maker Intuitionistic values for Gender

T4(Gender) ft f £ ft £
Male (0.5,0.7) (0.1,0.5) (0.6,0.9) (0.4,0.8) (0.5,0.9)
Female (0.3,0.7) (0.2,0.6) (0.2,0.4) (0.7,1) (0.9,0)

Intuitionistic fuzzy Hyper Soft set is defining as

F: (T x T3 X T§ X T9) = P(U)

Let’s assume that F(T¢ X T3 X TS x T4) = F(MS, 7yr, Greater than thirty, Male) = (f%, f2, {3, f°)

Then Intuitionistic Fuzzy Hyper Soft set of above relation

FITE X TE X T X T =

{< f%,((MS(0.3,0.8), 7yr(0.5,0.7), Greater than thirty(0.7,1), Male(0.5,0.7)) >

< f%,(MS(0.1,0.6), 7yr(0.6,0.8), Greater than thirty(0.5,0.7), Male(0.1,0.5)) >

< f3,(MS(0.1,0.3), 7yr(0.7,0.9), Greater than thirty(0.3,0.7), Male(0.6,0.9)) >

< f°,(MS(0.3,0.9), 7yr(0.9,0.), Greater than thirty(0.9,1), Male(0.5,0.9)) >}

The above relation can be written in the form of

Table 6: Tabular Representation of above relation

TS

T3

T4

¥
fl (MS(0.3,0.8))
f2 (MS(0.1,0.6))
3 (MS(0.1,0.3))
& (MS(0.3,0.9))

(7yr(0.5,0.7))

(7yr(0.6,0.8))

(7yr(0.7,0.9))
(7yr(0.9,0))

(Greater than thirty(0.7,1))
(Greater than thirty(0.5,0.7))
(Greater than thirty(0.3,0.7))

(Greater than thirty(0.9,1))

(Male(0.5,0.7))
(Male(0.1,0.5)
(Male(0.6,0.9))
(Male(0.5,0.9))

And its matrix form is defined as

(MS, (0.3,0.8))

s, 0.1,06)
[Qlexa =1 (s, (0.1,0.3))
(MS, (0.3,0.9))

(7yr, (0.5,0.7))

(Greater than thirty, (0.7,1))

(7yr,(0.6,0.8)) (Greater than thirty, (0.5,0.7))

(7yr,(0.7,0.9))
(7yr,(0.9,0))

(Greater than thirty, (0.7,1))
(Greater than thirty, (0.9,1))

(Male, (0.5,0.7))
(Male, (0.1,0.5))
(Male, (0.6,0.9))
(Male, (0.5,0.9))
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Definition 3.2: Square Intuitionistic Fuzzy Hyper Soft Matrix

Let Q = [Q;;] be the IFHSM of order n x m where Q;; = (T}JQ-,(,F?J-,(), then Q is said to be square
[FHSM if n=m . It means that if a IFHSM have same number of columns (alternatives) and rows

(attributes) then it’s called square IFHSM.

Example 3.2.2:

(MS,(0.3,0.8)) (7yr,(0.5,0.7)) (Greater than thirty, (0.7,1)) (Male, (0.5,0.7))

_ | (MS,(0.1,0.6)) (7yr,(0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5))

[Qlaxa = (MS,(0.1,0.3)) (7yr,(0.7,0.9))  (Greater than thirty, (0.7,1))  (Male, (0.6,0.9))
(MS,(0.3,09)) (7yr,(0.9,0))  (Greater than thirty, (0.9,1)) (Male, (0.5,0.9))

Definition 3.3: Transpose of square IFHSM

Let Q =[Q;] be the IFHSM of order nxm where Q; = (Ti?k,F?jk) then Q° is said to be
transpose of square IFHSM if rows interchange with column (column interchange with rows) of Q.

It is denoted as
et =[oy] = (Ti?k'F?jk)t = (T3 F ) = [Qji]
Example 3.3.1

(MS,(0.3,0.8)) (7yr,(0.5,0.7)) (Greater than thirty, (0.7,1)) (Male, (0.5,0.7))

_ | (MS,(0.1,0.6)) (7yr,(0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5))

[Qlaxs = (MS,(0.1,0.3)) (7yr,(0.7,0.9))  (Greater than thirty, (0.7,1))  (Male, (0.6,0.9))
(MS,(0.3,0.9)) (7yr,(0.9,0) (Greater than thirty, (0.9,1)) (Male, (0.5,0.9))

Transpose of the upper Metrix is defining as

[Q]t4x4 =
(MS, (0.3,0.8)) (MS, (0.1,0.6)) (MS, (0.1,0.3)) (MS, (0.3,0.9))
(7yr,(0.5,0.7)) (7yr,(0.6,0.8)) (7yr, (0.7,0.9)) (7yr,(0.9,0))
(Greater than thirty, (0.7,1)) (Greater than thirty, (0.5,0.7)) (Greater than thirty, (0.7,1)) (Greater than thirty, (0.9,1))
(Male, (0.5,0.7)) (Male, (0.1,0.5) (Male, (0.6,0.9)) (Male, (0.5,0.9))

Definition 3.4: Symmetric IFHSM

Let Q = [Qij] be the IFHSM of order n X m where Q;; = (Ti?k,FQ

ijk
IFHSM if Q' = Q ie (1%, F,) = (T2 Fi)

) then Q is said to be symmetric
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Definition 3.5: Scalar multiplication of IFHSM

Let Q = [Q;;] be the IFHSM of order n X m where Q;; = (Tl-?k,F?jk) and p be any scalar. Then
the product of scalar p and matrix Q is defined by multiplying each element Q by . It is denoted
as uQ = [uQij] where0 < p <1,

Example 3.5.1: Consider a IFHSM [Q]4x4 and 0.3 is a scalar.

(MS,(0.3,0.8)) (7yr,(0.5,0.7)) (Greater than thirty, (0.7,1)) (Male, (0.5,0.7))

_ | (MS,(0.1,0.6)) (7yr,(0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5)

[Qlaxa = (MS,(0.1,0.3)) (7yr,(0.7,0.9))  (Greater than thirty, (0.7,1))  (Male, (0.6,0.9))
(MS,(0.3,09)) (7yr,(0.9,0))  (Greater than thirty, (0.9,1)) (Male, (0.5,0.9))

Then scalar multiplication of IFHSM [Q],x4 is shown as
[(0.3)Qlaxs =

(MS, (0.09,0.24)) (7yr,(0.15,0.21)) (Greater than thirty, (0.21,0.3)) (Male, (0.15,0.21))
(MS, (0.03,0.18)) (7yr,(0.18,0.24)) (Greater than thirty, (0.15,0.21)) (Male, (0.03,0.15))
(MS, (0.03,0.09)) (7yr,(0.21,0.27)) (Greater than thirty, (0.21,0.3)) (Male, (0.18,0.27))
(MS,(0.09,0.27))  (7yr,(0.27,0)) (Greater than thirty, (0.27,0.3)) (Male, (0.15,0.27))

Proposition 3.6

Let Q = [Q;;] and R = [R;;] be the two IFHSM, Where Q;; = (Ti?k,F?jk) and R;; = (TS, FEy) for

two scalars o, f € [0,1], then

. a(BQ) = (ap)Q.
. If «a < B then aQ < BQ.
I1. If Q€ R then aQ S aR.

Proof

L a(BQ) = a(BQ;) = a(BTS. BFY) = (aBTS, aBFY,
= [“ﬂ(Ti(]?k'F?jk)] = ap[Q;] = (@B)Q
I Since (T%,F&) € [0,1] soaTd, < BT, aFY, < BFE,
Now O‘Q=[“Qij]=[(“Ti?k'“F?;'k | < [(ﬂTi(]?k'ﬁF?jk | =1[Be;] =pQ
I. Q< R=[Q;] < [Ry]
=T < TR, F > FR,

ijk = 1i ijlk =
Q R Q R
= aTijk < aTijk,aFijk 2= akFjj
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= a[Qy] € a[Ry]
= aQ S aR
Theorem 3.7
Let Q = [Q;] be the IFHSM of order nxm , where Q;; = (7%, Ff,), then

L. (aQ)! = aQ' where a€[0,1].
1L (0Ht=0Q.

Proof
I.  Here (aQ)t (& Q) € IFHSM,y, SO

(aQ)t = [(O(Ti?k' “F?jk)]t

= [(O‘TQ aFiji)]

ki
= “[(7}%’ F]Qki)]

_ Q Qe 1t _
= “[(Tijk'Fijk)] = aQ"
II.  Since Q' € IFHSM,y,, so (Q%)t € IFHSM, xp,
Now

@Ht = ([(Ti?k'Fink ]t)t

= ([(Y}gi'Fiji)])t
= [(Titj?k’Fink 1=0¢

Definition 3.8: Trace of IFHSM

Let Q = [Q;;] be the square IFHSM of order nxm , where Q;; = (Ti?k, F?jk) and n = m then trace

of IFHSM is written as tr(Q) and define as tr(Q) = ?:i,k=a[Ti?k - F?jk

Example 3.8.1: Let us consider a IFHSM [Q],x4

(MS,(0.3,0.8)) (7yr,(0.5,0.7)) (Greater than thirty, (0.7,1)) (Male, (0.5,0.7))
_|(M5,(0.1,0.6)) (7yr,(0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5))

[Qlaxa = (MS,(0.1,0.3)) (7yr,(0.7,0.9))  (Greater than thirty, (0.7,1))  (Male, (0.6,0.9))
(MS,(0.3,0.9)) (7yr,(0.9,0))  (Greater than thirty, (0.9,1)) (Male, (0.5,0.9))

Then tr(Q) =(0.3 — 0.8) + (0.6 — 0.8) + (0.7 — 1) + (0.5 — 0.9) = —1.4
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Proposition 3.9

Let Q =[Q;] be the square IFHSM of order m x n, where Q;; = (Tl-?k,Fg-k) and n=m. a be

any scalar then tr(aQ) = a tr(Q).

Proof:
e Q Q e Q _ e
tr(aQ) = Z [T — aF ] = “Z, [T = Fije] = atr(@)
i=1,k=a i=1,k=a
Let Q = [Q;;] and R = [R;;] be two IFHSM, where Q;; = (Tgk,F?jk) and R;; = (TS, Ffx
Definition 3.10: Max-Min Product of IFHSM

Let Q = [Q;] and R =[R;] be two IFHSM, whereQ; = (T,%,F%,) and Ry = (T}, Ffi.). Then,
Q and R are said to be conformable if their dimensions are equal to each other (number of

columns of Q is equal to number of rows of R). If Q = [Ql-]-] mand R = [Rjt]mxo then Q® R =

nx

[‘Sit]nxo Where
[Sic] = (max;, min(Ti?k, TiR:), ming, max(F?jk, FRe))
Theorem 3.11

Let Q = [Q;] and R = [R;] be two IFHSM, where Q;; = (T3, FJ,) and R; = (T}, F.). Then,
(Q®R)=R'® Q°

Proof:
Let Q® R = [Sitlnxo, then (Q® R)* = [Syiloxn, Q° = [Qi] _R* =[Ry]

Now (Q® R)! = (T3, Fivi)

oxn

= (max;, min(T5,, 'I}%) ,miny, max(Ff, Fj(’?‘i))oxn

— R R Q Q _
= (thk:thk)OXm ® ('I}ki,iji =R® Qt

)mxn
4. Operators of IFHSMs
Let Q = [Qy] and R = [R;] be the two IFHSM, whereQ;; = (T3, F%,) and Ry; = (TS, Fx)- Then,

i. Union:

QUR =S where T}, = max (T3, T, Ff = min (F%, Ff).
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ii. Intersection:

_ s FR
Q NR =S where Tj = mm( i ]k) le max( i Fijie)-

ii. Arithmetic Mean:

12 +TR FQ +F}
Q®R =S where ]kzi( o fi) Fl]kzi( e ”k’).
iv.  Weighted Arithmetic Mean:
Q Q
(wTk+wTk (WFk+W
Q®"R =S where T, ]k=ﬂTZU) Fuk=#

V. Geometric Mean:

QOR =S where T}, = /Tl?k T Fie = z]k Ffe.

vi.  Weighted Geometric Mean:

Q @WR S where T, ]k =" +W\[( Uk)W1 (Tl};k)wz

w +W
Ffy = \[( E2OW . (FR)¥and w!w? >0

vii. Harmonic Mean:
Q R Q
213, T} 2F%, FR
ijk lijk S ijk "ijk
Q @R =S where T, Uk =0 & Fij = o
L]k ijk ijk " ijk
viii. =~ Weighted Harmonic Mean:
1 2
w wlt+w? s _ witw
Q @Y R =S where Tuk =——7  Fx =502
+
Q TR Q R
Tiie Tijk Fiie Fijk

Proposition 4.1

Let Q = [Qij] and R = [Rij] be two IFHSM, where Q;; = ( il szk) and R;j =

ii (QURY=Q'UR!

ii. (@NRY=Q'nRt

iii. (QBR)t = Q*'@®R"

iv. (Q®YR)! = Q*'®"R"

v. (QOR)" =Q'OR*

vii (QOYR)=Q'O"R
vii. Q@R =0Q0"*®Rt
viii. Q@Y R =Qt Q" Rt

Proof:

i. (Q U R)t = [(maX(Tl(]gk'TJk) mln(Fl(]gk'F}k))]

whw?>0

( ik l]k) Then,
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= [(max(12, T%:) , min(Fg, Ff.))]

=Tk V(T F)]

= Ti?k'Fi?k)]t U [(Ti}}k'FiI}k)]t =Q'UR'

Proposition 4.2

Let Q =[Q;] and R =[R;]| be the two-upper triangular IFHSM, where Q;; = (Ti?k,F?jk
and Ry = (TS, Fix ). Then, (Q UR), (@ NR), (Q®R), (@ ®" R), (QOR) and (Q ®* R) are all upper

triangular IFHSM and vice versa.
Theorem 4.3:
Let Q = [Q;;] and R = [R;;]| be the two IFHSM, whereQ;; = (Tgk,F?jk) and R;; = (T, FFy). Then,

i. (QUR)=QNR*

ii. (QNR)=QUR°

iii. (Q®R)° = Q°®R*

iv. (Q®"R)’ =Q°®"R’°

v.  (QOR)’ =Q°'GR’

vii (QO®YR)=Q'®"R’
vii., (QQ@R)’=Q QFR’
vii.  (Q@YR)'=Q @"R°

Proof:
i (QUR)* = [(maX(Ti?k'Ti?k)umin(Fi(]g'k' Fi};k))]o
= [(min(ng, Fi?‘k) ’ maX(Ti?k» Ti};k))]
= (F i?‘k' Ti?k N (Ff k)
= (T3 ng)o N(THe  F)
— QO n RO
Theorem 4.4

Let Q = [Qy] and R = [R;] be the two IFHSM, whereQ;; = (T{%,, F%,) and Ry; = (TS, F)- Then,

.
ii.

iii.

QUR)=(RUQ)
@NR)=(RNQ)
(QOR) =(R® Q)
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iv. (Q®YR)=(RB®"Q)

v.  (QOR)=(ROQ)

Vi. (QOYR)=(ROYQ)
vii. Q@R =RQQ
viii.  (Q@YR)=(R Q" Q)
Proof:

i. (QUR) = [(max(Ti?k,Ti’}k),min(

Theorem 4.5

),min(Fi}}k:ng))]
= [(Tl-?k. Fi?'k)] U [(

Let = [Q;] , R =[R;j] and S = [S;;] be the two IFHSM, where Q;; = (T3, F%,), Ri; = (T8 Fly
and Sl] = (Ti'?k,F;_-S}k), then

i
ii.
iii.
iv.
V.

Proof:

1.

(QUR)US=QU (RUS)
QNR)NS=QN(RNS)
(QBR)BS # QDB(RDS)
(QOR)OS # QO(ROS)
QOR)QOS*#QQORDS)

(QUR)US = [(max('l’i(]gk,Ti?k),min(

= [(max(

= [(T5 FE)] U [(max(Tf, T, min(Ffy, Fhe))]

=(

Theorem 4.6

Let = [Qi]-] , R= [RL-]-] and S = [Sl-j] be the two IFHSM, where Q;; = (

and S;; = (T[;k,Ffjk) Then,

1.
ii.

ii.

QNRDS) =QnNR)BWQNS)
QBR)NS=(QNSHDBRNYS)
QUR®S) =(QUR®WQUYS)

SV (T Fio)]

TC TR T

Ju [((Tilje'k'FiI]gk) v (Tg"’ng))]

=QU(RUYS)

)/ Rij = (T Ff
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iv. (Q®R)US=(QUS)BRUS)

Proof:

L QN (R®S) = (T ijk?? uk) [( i) ) (Fifk”tfk))]

2

o ) s )

_ [(min< (1% + T]k) (T3 + T]k)> max( (F% + ij) (F& + F]k))>l

2 2 2 2

= [(min(7y, ), max(Fy, Ffi) @[ (min(T3 T5i) , max(F, Fije))]

= [(Tl_?k’F]k) n ( ijk’ ]k)]e[( ijk’ Fi(]g'k) n ( ijkr Fiik)]
=@nR®WQNS)

5. Applications

Intuitionistic fuzzy Hypersoft Matrix IFHSM) in Decision Making Using Score Function

For example, a task of selection befalls a group of decision makers who have been tasked to select
from n number of objects. The objects are further presented on the basis of their m number of
attributes. IFHSM can be used to show their relation with each other. These attributes are allocated
Intuitionistic values by the decision-makers and are portrayed by IFHSM of order n X m. We can
get score matrix by using IFHSM to calculate value matrices. In this way, total score of each object

from score matrix can be determined.

Value matrices are considered to be real matrices because they abide by the properties of real
matrices. Score function also serves as a real matrix because we acquire it from two or more value

matrices.
Definition 5.1

Let Q = [Q;;] be the IFHSM of order n x m, where Q;; = (12 ke ng) then the value of matrix Q

is denoted as Y (Q) and it is defined as V(Q) = [VQ of order n x m, where Y¢ =T¢ — The

ij ijk Uk
Score of two IFHSM, Q = [Ql-j] and R = [Rij] of order n Xxm is given as {(Q,R) =Y(Q) +

Y(R) and {(Q,R) = [{i ]-] where {;; = Yl? + Yl-’} . The total score of each object in universal set is
|71 Gyl
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5.2 Algorithm
Step 1: Construct a IFHSM as define in 3.1.

Step 2: Calculate the value matrix from IFHSM. Let Q = [Qij] be the IFHSM of order n X m,
where Q;; = (Ti?k, Fg-k) then the value of matrix Q is denoted as Y (Q) and itis defined as Y (Q) =

[Yl? of order n xm, where}’i? = Ti?k - Fg.k.

Step 3: Compute score matrix with the help of value matrices. The Score of two IFHSM Q = [Q;;]
and R =[R;| of order nxm is given as {(Q,R) =Y (Q)+Y(R) and {(Q,R) = [{;;] where
Gij = Yi? +Y5.

Step 4: Compute total score from score matrix. The total score of each object in universal set is

271 G-

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

Calculate Value Compute Score

Construct IFHSM Matrices Matrix

Find optimal

Compute total solution by
score selecting an object
of maximum score.

Figure 1: Algorithm design for the proposed technique

5.3 Numerical Example

To illustrate the working of this theory, a need arises for a company to hire an employee to fill one
of its vacant spaces. A total of fifteen promising applicants apply to fill up the vacant space. From
the human resources department of the company, a decision maker (DM) has been tasked for

selection.
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The decision maker finds it quite hard and a time-consuming task to interview all of them to fill
up its vacant seat in the company. But by the help of the theory Intuitionistic fuzzy hypersoft
matrix he would be able to narrow down the criteria for selection of the best possible candidate to

just one candidate. Let us assume that ' be the set of all candidates
F = 5 P O 1 2 2,4, 15)
And the selection criteria set by the company is given in the form of attributes as
Ty = Qualification, T, =Exprince, Ts = Age, T, =Gender
Also, these attributes are further classified as
T¢ =Qualification ={BS Hons. , MS, Ph.D. , Post Doctorate}
T =Exprince= {5yr, 7yr, 10yr, 15y1}
T§ =Age= {Less than thirty, Greater than thirty}
T4 =Gender= {Male, Female}
The function F: T¢ X T3 x TS x T¢ — P(F) is
Let’s assume the relation

F((T¢ X T2 X T§ X T#) = F(MS, 7yr, Greater than thirty, Male) is the actual requirement of company

for the selection of candidates?

Four candidates {f* f% 1% f13} are shortlisted on the basis of assumed relation i.e.

(MS, 7yr, Greater than thirty, Male).

Decision makers {A, B} are set for the selection of short-listed candidates. These decision makers

give their valuable opinion in the form of IFHSSs separately as
A = F(MS, 7yr, Greater than thirty, Male) = {< {2, (MS{0.5, 0.6}, 7yr{0.3,0.7},
Greater than thirty{0.5, 0.9}, Male{0.6, 0.5}) >, < f®, (MS{0.3, 0.1}, 7yr{0.6, 0.3},
Greater than thirty{0.7, 0.3}, Male{0.7, 0.3}) >, < f8(MS{0.7,0.6}, 7yr{0.6,0.8},
Greater than thirty{0.8, 0.4}, Male{0.6,0.1}) >, < 14, (MS{0.5, 0.5}, 7yr{0.3, 0.7},

Greater than thirty{0.9, 0.1}, Male{0.4, 0.3}) >}
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B = F(MS, 7yr, Greater than thirty, Male) = {< 72, (MS{0.8, 0.2}, 7yr{0.7,0.3},
Greater than thirty{0.4, 0.3}, Male{0.5, 0.5}) >, < 7°, (MS{0.8, 0.1}, 7yr{0.7,0.3},
Greater than thirty{0.8, 0.1}, Male{0.9, 0.2}) >, < 78(MS{0.5, 0.4}, 7yr{0.7,0.2},
Greater than thirty{0.9, 0.1}, Male{0.4,0.7}) >, < 7%, (MS{0.7, 0.2}, 7yr{0.2, 0.7},
Greater than thirty{0.7, 0.1}, Male{0.6, 0.4}) >,}
Let’s apply the above define algorithm for the calculation of total score
StepI: The above two NHSSs are given in the form of IFHSMs as

(MS, (0.5,0.6)) (7yr,(0.3,0.7)) (Greater than thirty, (0.5,0.9)) (Male, (0.6,0.5))
_|(Ms,(0.3,0.1))  (7yr,(0.6,0.3)) (Greater than thirty, (0.7,0.3)) (Male, (0.7,0.3))

A] = (MS, (0.7,0.6)) (7yr,(0.6,0.8)) (Greater than thirty, (0.8,0.4)) (Male, (0.6,0.1))
(MS, (0.5,0.5)) (7yr,(0.3,0.7)) (Greater than thirty, (0.9,0.1)) (Male, (0.4,0.3))
(MS, (0.4,0.5)) (7yr,(0.2,0.5)) (Greater than thirty, (0.2,0.4)) (Male, (0.5,0.5))
(B] = (MS, (0.4,0.2)) (7yr,(0.7,0.4)) (Greater than thirty, (0.8,0.9)) (Male, (0.8,0.9))

| (MS,(0.5,0.2)) (7yr,(0.2,0.3)) (Greater than thirty, (0.5,0.5)) (Male, (0.7,0.2))
(MS, (0.4,0.3)) (7yr,(0.2,0.7)) (Greater than thirty, (0.1,0.1)) (Male, (0.4,0.4))

Step II: Now calculate the value matrices of IFHSMs define in Step I.

(MS,(-0.1)) (7yr,(—0.4)) (Greater than thirty, (—0.4)) (Male, (0.1))
(MS, (0.2)) (7yr,(0.3)) (Greaterthanthirty,(0.4)) (Male,(0.4))

rel= (MS,(0.1)) (7yr,(—0.2)) (Greater than thirty, (0.4))  (Male, (0.5))
(MS,(0)) (7yr,(—0.4)) (Greater than thirty, (—0.8)) (Male, (—0.1))
(MS,(-0.1)) (7yr,(=0.3))  (Greater than thirty,(—0.2)) (Male, (0))
[V (B)] = (Ms,(0.2))  (7yr,(0.3)) (Greater than thirty, (—0.1)) (Male, (—0.1))

(MS,(0.3)) (7yr,(—0.1)) (Greater than thirty, (0)) (Male, (0.5))
(MS,(O.l)) (7yr,(—0.5)) (Greaterthanthirty,(O)) (Male,(O))

Step III: Now compute score matrix by adding value matrices obtained in Step II.

(MS, (—0.2)) (7yr, (—0.7)) (Greater than thirty, (—0.6)) (Male, (0.1))
(MS, (0.4)) (7yr,(0.6)) (Greater than thirty, (0.3)) (Male, (0.3))

(MS, (0.4)) (7yr, (—0.3)) (Greater than thirty, (0.4)) (Male, (1))

(MS,(0.1)) (7yr,(—0.9)) (Greater than thirty, (0.8)) (Male, (—0.1))

(A, B)] =

Step IV: Now total score of score matrix is given as;
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1.4
1.6
1.5
0.1

Total score =

Step V: The candidate f® will be selected for vacant spaces as the total score of f® is highest

among the rest of the total score of candidates.

6. Conclusions

In this study, new operations and definitions of IFHSM have been put forward and their workings
have been illustrated by using a numerical example. Utility of IFHSM, concerning decision-making
troubles, has been portrayed using a score matrix. Its usefulness is effective and helps us get
accurate results. In future, this study will further help researchers in decision-making related

calculations like TOPSIS, AHP and VIKOR.
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Abstract: The idea of the Pythagorean fuzzy hypersoft set is a generalization of the intuitionistic
fuzzy hypersoft set, which is used to express insufficient evaluation, uncertainty, and anxiety in
decision-making. Compared with the intuitionistic fuzzy hypersoft set, the Pythagorean fuzzy
hypersoft set can accommodate more uncertainty, which is the most important strategy for
analyzing fuzzy information in the decision-making process. The most important determination of
the present research is to perform basic operations under the Pythagorean fuzzy hypersoft set
(PFHSS) with their mandatory properties. In it, we establish logical operators and propose the idea
of necessity and possibility operations under PFHSS. In the following research under PFHSS, some
desirable properties are proposed by using the proposed operations. We also introduce the
correlation coefficient under the PFHSS structure and develop an algorithm for decision-making by
using the developed correlation coefficient. Furthermore, a case study on decision-making
difficulties proves the application of the proposed algorithm. Finally, a comparative analysis with
the advantages, effectiveness, flexibility, and numerous existing studies demonstrates this method's
effectiveness.

Keywords: Hypersoft set, intuitionistic fuzzy set, Pythagorean fuzzy soft set, Pythagorean fuzzy hypersoft

set, correlation coefficient.

1. Introduction

Imprecision performs a dynamic part in many facets of life (such as modeling, medicine,
engineering, etc.). However, people have raised a general question, that is, how can we express and
use the concept of uncertainty in mathematical modeling. Many researchers in the world have
proposed and recommended different methods of using uncertainty theory. First, Zadeh stepped
forward the theory of fuzzy set (FS) [1] to resolve the problem of uncertainty and ambiguity.
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In some cases, we need to investigate membership as a non-membership value to properly interpret
objects that FS cannot handle. To overcome the above-mentioned issues, Atanasov proposed the
idea of intuitionistic fuzzy sets (IFS) [2]. Researchers have also used several other theories, such as
cubic intuitionistic fuzzy sets [3], interval value IFS [4], linguistic interval-valued IFS [5], etc. After
carefully considering the above theories, the experts considered the essence, and the sum of its two
membership values and non-membership values cannot exceed one.

Atanassov's intuitionistic fuzzy sets only deal with insufficient data due to membership and non-
membership values, but IFS cannot deal with incompatible and imprecise information. Molodtsov
[6] proposed a general mathematical tool to deal with uncertain, ambiguous, and uncertain matters,
called soft set (SS). Maji et al. [7] extended the concept of SS and developed some operations with
properties and used the established concepts for decision-making [8]. Maji et al. [9] proposed the
concept of a fuzzy soft set (FSS) by combining FS and SS. They also proposed an Intuitionistic Fuzzy
Soft Set (IFSS) with basic operations and properties [10]. Yang et al. [11] proposed the concept of
interval-valued fuzzy soft sets with operations (IVFSS) and proved some important results by
combining IVFS and SS, and they also used the developed concepts for decision-making. Jiang et
al. [12] proposed the concept of interval-valued intuitionistic fuzzy soft sets (IVIFSS) by extending
IVIES. They also introduced the necessity and possibility operators of IVIFSS and their properties.

Garg and Arora [13] progressed the generalized version of the IFSS with weighted averaging and
geometric aggregation operators and built a decision-making technique to resolve complications
beneath an intuitionistic fuzzy environment. Garg [14] developed some improved score functions
to analyze the ranking of the normal intuitionistic and interval-valued intuitionistic sets and
established the new methodologies to solve multi-attribute decision making (MADM) problems.
The idea of entropy measure and TOPSIS under the correlation coefficient (CC) has been developed
by using complex g-rung orthopair fuzzy information and used the established strategies for
decision making [15]. The authors [16] developed the aggregate operators by using dual hesitant
fuzzy soft numbers and utilized the proposed operators to solve multi-criteria decision making
(MCDM) problems. To measure the relationship among dual hesitant fuzzy soft set Arora and Garg
[17] introduced the CC and developed a decision-making approach under the presented
environment to solve the MCDM approach, they also used the proposed methodology for decision
making, medical diagnoses, and pattern recognition. They also developed the operational laws and
presented some prioritized aggregation operators under linguistic IFS environment [18] and
extended the Maclaurin symmetric mean (MSM) operators to IFSS based on Archimedean T-
conorm and T-norm [19].

As the above work is considered an environment where linear inequalities have been examined
between membership degree (MD) as well as non-membership degree (NMD). However, if the
decision-maker goes steady with object MD = 0.7 and NDM = 0.6, then 0.7 + 0.6 % 1. We can see
that; it cannot be handled by the above studied IFS theories. To overcome the above-mentioned
limitations, Yager [20, 21] prolonged the IFS to Pythagorean fuzzy sets (PFSs) by modifying the
condition T+ J<1 to 7%+ J* <1. Zhang and Xu [22] defined some operational laws and
extended the TOPSIS technique to solve MCDM problems under PFSs environment. Many
researchers used the TOPSIS method for medical diagnoses, pattern recognition, and decision-
making, etc. to find the positive ideal alternative in different structures [23-31]. Wei and Lu [32]
presented several Pythagorean fuzzy power aggregation operators with their properties and
proposed the decision-making approaches to solving MADM problems based on developed
operators. Wang and Li [33] proposed the Pythagorean fuzzy interaction operational laws and
power Bonferroni mean operators. Then, they discussed some specific cases of established operators
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and considered their properties. Zhang [34] established a novel decision-making technique based
on Pythagorean fuzzy numbers (PFNs) to solve multiple criteria group decision making (MCGDM)
problems. He also developed the accuracy function for the ranking of PFNs and similarity measures
under a PFSs environment with some desirable properties. Guleria and Bajaj [35] introduced a
Pythagorean fuzzy soft matrix and its various possible types and binary operations with their
properties. Further, they used the proposed Pythagorean fuzzy soft matrices for decision making
by developing a new algorithm by using a choice matrix and weighted choice matrix. They also
presented some noel information measures to solve MCDM problems [36]. Bajaj and Guleria [37]
proposed the notion of object-oriented Pythagorean fuzzy soft matrix and the parameter-oriented
Pythagorean fuzzy soft matrix has been utilized to outline an algorithm for the dimensionality
reduction in the process of decision making. The authors developed the new (R, S)-norm
discriminant measure of PESs has been proposed along with its various properties and proposed a
decision-making approach to solving MCDM problems [38]. Zulqarnain et al. [39] proposed the
aggregation operators for Pythagorean fuzzy soft sets and established the decision-making
approach using their developed technique. The authors of [40] extended the TOPSIS technique
under Pythagorean fuzzy soft sets and used their proposed method for supplier selection in green
supply chain management.

Recently, Smarandache [41] extended the concept of soft sets to hypersoft sets (HSS) by replacing
the one-parameter function F with a multi-parameter (sub-attribute) function defined on the
Cartesian product of n different attributes. The established HSS is more flexible than soft sets and
is more suitable for the decision-making environment. He also introduced the further extension of
HSS, such as crisp HSS, fuzzy HSS, intuitionistic fuzzy HSS, neutrosophic HSS, and plithogenic
HSS. Nowadays, HSS theory and its extensions are developing rapidly. Many researchers have
developed different operators and properties based on HSS and its extensions [42-46]. Zulqarnain
et al. [47] introduced the TOPSIS technique and aggregation operators for PFHSS. They also utilized
their developed technique for the selection of anti-virus face mask. Abdel-Basset [48] uses
plithogenic set theory to resolve uncertain information and evaluate the financial performance of
manufacturing. Then, they use VIKOR and TOPSIS methods to find the weight vector of financial
ratios using the AHP method to achieve this goal. Abdel basset, etc. [49] proposed an effective
combination of plithogenic aggregation operations and quality feature deployment methods. The
advantage of this combination is that it can improve accuracy and thus evaluate decision-makers.

The following research is organized as follows: In Section 2, we review some basic definitions used
in the following sequels, such as SS, ESS, IFS, IFSS, and IFHSS, etc. In Section 3, we propose some
operations with their necessary properties such as union, intersection, restricted union, and
extended intersection, etc. under PFHSS. We develop the AND operator, OR operator, necessity
operation, and possibility operation with their several desirable properties in section 4. In section
5, the idea of correlation coefficient in PFHSS structure is introduced, and develop the decision-
making technique based on the presented CC. We also used the developed approach to solve
decision making problems in an uncertain environment. Furthermore, we use some existing
techniques to present comparative studies between our proposed methods. Likewise, present the
advantages, naivety, flexibility as well as effectiveness of the planned algorithms. We organized a
brief discussion and a comparative analysis of the recommended approach and the existing
techniques in section 6.

2. Preliminaries
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In this section, we recollect some basic definitions which are helpful to build the structure of the
following manuscript such as soft set, hypersoft set, fuzzy hypersoft set, and intuitionistic fuzzy
hypersoft set.
Definition 2.1 [6]
Let U be the universal set and £ be the set of attributes concerning U. Let P(U) be the power set
of U and A € &. A pair (F, A) is called a soft set over U and its mapping is given as
FrA > P(U)

It is also defined as:

FA)={Fl) eP(U)ec&Fle)=Qife¢ A}
Definition 2.2 [9]
F(U) be a collection of all fuzzy subsets over U and £ be a set of attributes. Let A S &, then a
pair (F, A) is called FSS over U, where F is a mapping such as F: A - F(U).
Definition 2.3 [41]
Let U be a universe of discourse and P(U) be a power set of U and k ={kq, ky, ki,..., k},(n2>1)
be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n
K; = ¢ forn 21 for each i, j € {1,23 ... n} and i # j. Assume K; x K, x Kyx ... x K, = A =
{ain X agy X - X ay;} be a collection of multi-attributes, where 1 < h < @,1 < k < f,and1 < I
< v,and @, B, and y € N. Then the pair (F, K; x K, x K;x ... x K, = A) is said to be HSS over
U and its mapping is defined as
F: K x K, x K3x...x K, = A > P(U).
It is also defined as
(F, A)={d4, Fu(d):d € A, Fu(d) € P(U)}
Definition 2.4 [2]
An TFS is an object of the form A = {((8;,0.,4(8,),7.4(8;))| 8; € U)} on a universe U, where g,
and 74: U — [0,1] represents the degree of membership and non-membership respectively of
any element §; € U, to set A with the following condition 0 < 0.4(3;) +74(8;) < 1.
Definition 2.5 [10]
A mapping F: A — F(U) is known as an IFSS and defined as Fs,(e) = {(6i, 0.,4(8)), Tﬂ(6i))| 6; €
u}, where 0,4(6;) and 74(6;) are the degree of acceptance and rejection respectively for all §; €
U and 0 < 04(6;),714(8;), 04(6;) +714(6) < 1.
Definition 2.6 [41]
Let U be a universe of discourse and P(U) be a power set of U and k ={ky, ky, k3,..., ky},(n2>1)
be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n
K; = ¢ forn > 1 for each i, j € {1,23 ... n} and i # j. “Assume K; x K, x Kzx ... x K, = A =
{a;p X az, X -+ X ay;} be a collection of sub-attributes, where1l < h < a,1 < k < f,and1 <[ <
y,and @, B, and y € Nand FY be a collection of all fuzzy subsets over U. Then the pair (F, K; x
K, x Kyx ... x K, = A) is said to be FHSS over U and its mapping is defined as
F: K, x K, x K3x...x K, = A - FY,
It is also defined as
(F, A)={(&,Fu(d):d € A, Fu(d) € F* € [0,1]}
Example 2.7
Consider the universe of discourse U = {§,,6,} and & = {£; = Teaching methdology,t, =

Subjects, €3 = Classes} be a collection of attributes with following their corresponding attribute




Theory and Application of Hypersoft Set 89

values are given as teaching methodology = L, = {a;, = project base,a,, = class discussion},
Subjects = L, = {a,; = Mathematics, a,, = Computer Science, a,; = Statistics}, and Classes = L3

= {as, = Masters,as, = Doctorol}. Let A = L, x L, x L; be a set of attributes

A =Ly x Ly x Ly = {ay1,a15} X {az1,032, 053} X {az;, a3z}
_ {(‘111' az1,A31), (A11, Az1, A32), (A1, A2, A31), (A11, A2z, A32), (A1, Az3, A31), (Aq1, Az3, asz)'}
(a12, @21, a31), (@12, Az1, A32), (Q12, A2, A31), (12, Az, A32), (G142, A2z, A31), (A12, Az, A32),

A = {&1' dZ' dS' ﬁ4, aS' dﬁl a7' ésv d9' élO' éllv dlZ}
Then the FHSS over U is given as follows

(&, (61,.6), (82,.3)), (3, (81,.7), (82,.5)), (&, (61,.8), (82,.3)), (&4, (81,.2), (52,.8)),
(F, A) =1 (ds, (8,-4),(82,-3)), (dg, (81,-2), (65,.5)), (&7, (81,.6), (65,.9)), (dg, (61,.2), (62,-3)),

(&9' (61' 4)' (62' 7))! (élov (51' 1)! (52r 7))r (éllf (61: 4): (62: 6)): (dSJ (51’ 2): (52: 7))
Definition 2.8 [46]
Let U be a universe of discourse and P(U) be a power set of U and k ={ky, k,, ki,..., k},(n2>1)
be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n
K; = ¢ forn 21 for each i, j € {1,23 ... n} and i # j. Assume K; x K, x Kyx ... x K, = A =
{ain X azy X - X ay;} be a collection of sub-attributes, where1 < h < @, 1 <k < B,and1 <[ <
¥, and a, B, and y € N and IFSY be a collection of all intuitionistic fuzzy subsets over U. Then
the pair (F, K; x K, x K3x ... x K, = A)is said to be IFHSS over U and its mapping is defined as
F: K, x K, x K3x...x K, = A - IFSY,
It is also defined as
(F, A) = {(&F(@): de A Fu(@) € IFSU e [0,1]}, where F;(d) = {(8, 054 (8), Tr(5)(8)): § €
U}, where o5 (8) and Tz (8) represents the membership and non-membership values of the
attributes such as o074 (8), T7)(8) € [0,1], and 0 < 05 (6) + T (6) < 1.

Simply an intuitionistic fuzzy hypersoft number (IFHSN) can be expressed as F =

{(O'g:(ﬁ)(5), Tf(ﬁ)(s))}, where 0 < O':;:(ﬁ)(é‘) + TT(ﬁ)(S) <1

3. Basic Operations and properties on a Pythagorean fuzzy hypersoft set
In this section, we introduce PFHSS and some basic operations with their properties under the

Pythagorean fuzzy hypersoft environment.

Definition 3.1

Let U be a universe of discourse and P(U) be a power set of U and k ={ky, ky, k3,..., ky},(n2>1)
be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n
K; = ¢ for n > 1 for each i, j € {1,23 ... n} and i # j. Assume K; x K, x Kzx ... x K, = A =
{a;n X az, X -+ X ay;} be a collection of sub-attributes, where1l < h < a,1 < k < f,and1 <[ <
v,and @, B, and y € N and PFS" be a collection of all Pythagorean fuzzy subsets over U. Then
the pair (F, K; x K, x K3x...x K, = A) is said to be PFHSS over U and its mapping is defined as
F: K, x K x K3x...x K, = A - PFS“

It is also defined as

(F, A) = {(a,F(@)): d € A, Fu(d) € PFSU € [0,1]}, where F(&) = {(8, 054 (8), T (8)): 6 €

u}, where o074 (6) and T£)(8) represents the membership and non-membership values of the

2 2
attributes such as Ug:(d)((S), T?(d)(a) € [0, 1], and 0 < (O'g:-m)(é)) + (Tg:(d)((s)) <1
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Simply a Pythagorean fuzzy hypersoft number (PFHSN) can be expressed as F =

{(0‘7—‘(&)(5). Tgc(ﬁ)(é‘))}, where 0 < (O'T(a)(é‘))z . (Tf(a)(é‘))z -1

Example 3.2

Consider the universe of discourse U = {§;,6,} and & = {¢; = Teaching methdology,¥, =
Subjects,£; = Classes} be a collection of attributes with following their corresponding attribute
values are given as teaching methodology = L, = {a;; = project base,a,, = class discussion},
Subjects = L, = {a,; = Mathematics, a,, = Computer Science,a,; = Statistics}”, and Classes =
L; = {as; = Masters,az, = Doctorol}. Let A = L, x L, x L; be a set of attributes

A =Ly x Ly x Ly = {a11,a12} X {az1,a22, 053} X {azy, a3z}
_ {(‘111' 21, a31), (11, A21, 32), (A11, A2z, A31), (11, A2z, A32), (A11, A23, A31), (A11, Az3, asz)'}
(12, G21, 31), (A12, 21, A32), (A12, A3z, A31), (A2, A2, A32), (A2, Aa3, A31), (A12, Az3, A32),
A = {dy,dy, ds, dy, ds, dg, Ay, dg, Ay, A1, A11, A1}
Then the PFHSS over U is given as follows
@, )=

(a1, (81, (:6,-3)), (82, (5,.7))), (&2, (81, (6,.7)), (82, (.7,.5))), (&, (81, (-4,-8)), (62, (:3,.7))),

(64 (80,(.6,.5)), (62,(.5,.6)) ), (&5, (61, (. 7,.3)), (6, (-4,.8)) ) (e (81, (.5,.4)), (5, (.6,.5))),
(&7, (81, (5,6)), (82, (4,-5))), (g, (81, (:2,-5)), (82, (:3,-9))), (do, (61, (4, -6)), (82, (:8,.5))),
(810, (81, (7,-4)), (82, (7,.2))), (d11, (81, (4,.5)), (82, (5,-3)), (12, (81, (:5,-7)), (82, (4,.7)))

Definition 3.3
Let (F, A) and (G, B) be two PFHSS over U, then (F, A) is said to be a Pythagorean fuzzy
hypersoft subset of (G, B), if

1. Ac®B

2. Fhiw(6) € Ggup(6) forall § € U.
Where 074 (8) < 054)(8), and Tz (8) = 144)(6): 6 € U.
Definition 3.4
Let (F, A) and (G, B) be two PFHSS over U, then (F, A) = (G, B), if (F, A) € (G, B) and (G, B)
c (F, A).
Definition 3.5
Let U be auniverse of discourse and A be a set of attributes, then a pair (@, A) is said to be empty
PFHSS, if 07)(8) = 0, and 75 () =1 for all & € A and § € U. It can be represented by
Dr ) (0) and defined as follows
(0,A) =1{d,(5,(0,1)):6 € U,de Al
Definition 3.6
Let U be a universe of discourse and A be a set of attributes, then a pair (@,A) is said to be
universal PFHSS, if 07 (8) =1, and Tz)(6) =0forall & € A and § € U. It can be represented
by Er)(6) and defined as follows
(E,A) ={4(5,(1,0):6 € U de A}
Definition 3.7
Let (F, A) = {(& (8,05 (), T (6)): 6 € U): & € A} be a PFHSS over U, then its complement is
denoted by (F,A), and is defined as follows (F,A)° = {(& (5, tr1)(8), 0@ (8)): 6 € U): d € A }.
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Proposition 3.8

If (F, A) be a PFHSS, then
1. (FA)° =(F, A
2. (06, A)= (E A)
3. (E5A) = (0,A)

Proof 1

Let (F, A) = {(& (5, 05 (), 1@ (8)): § €U):d € A} be a PFHSS over U, then by using

definition 3.7. we have
(Fe,A) = {(&(5, 1) (8), 07)(8)): § € U): d € A }. Again, “by using definition 3.7
(Fe, A = {(&,(8, 075 (8), Tr@(8)): 6 € U): i € A '}
Hence,
(FC,A) =(F, A).
Similarly, we can prove 2 and 3.
Definition 3.9
Let (F, A) and (G, B) be two PFHSS over U, then their union is defined as
F, A) U (G, B) = {8, (max{orw)(8), 05w (8)}, min{re @ (8), 15w (8)}):6 € Ude A}
Proposition 3.10
Let (F, A), (G, B), and (H, €)be three PFHSS over U. Then
1. (F, Ay u F A)=F, A
2. (F, A) U (0, A) =(F, A
3. (F, A) U (EA) = (EA)
4. (F, A) U (G B)=(@G B) U (F, A
5. ((F, A) v (G B)u (3, O)=F A v (6,8 v #, )
Proof 1 As we know that

(. A) = {(6, 056, 77 (6)) | 6 € U} be an PFHSS, then
(F, A) u (F, A)= {8, (max{or@)(8), 05 (8)}, min{tr) (), Tr@)(8)}): 6 € U d€ A}
(F, ) U (&, A) = {(8,07©®), 77 (8)) | § € U}

Hence
(F, A) U (F, A)=(F, A).
Proof 2 As we know that

F,A) = {(6, 0@ (6), 17 (8)) | 6 € U} be a PFHSS, and (@, 4) = {&,(5,(0,1)): 5 € U d € A}

be an empty PFHSS. Then,
(F, A) U (0, A) = {8, (max{or@ (8),0}, min{rr)(8),1}):6 € U, de A}

F, A) U (8,4) = {(6, 070, 17(8)) | 6 € U}

(F, A) U (0,A) =(F, A).
Proof 3 As we know that
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(. A) = {(6, 050, 12 (6)) | 6 € U} be a PFHSS, and (E,A) = {&,(6,(1,0)):5 € U d € A

be an empty PFHSS. Then,

(F, A) U (E,A) = {8, (max{or@(8), 1}, min{rs(6),0}):6 € U, de A}
(F, A) U (E,A) ={4,(5,(1,0):6 € U dae A}

(F, A) U (E,A) = (E A).

Proof 4 As

(F,A) = {(5,am)(5),r?(d)(5)) |15 € u} and (G, 8) = {(5, ag(d)(a),rg(d)(a)) |5 € u} be two

PFHSS, then
(F, A) U (G, B)= {8, (max{or@)(8), 054 (8)}, min{tr(8), 742 (6)}): 6 € U, d e AUB}
F, A) U (G, B)= {8, (max{ o5 (8), 05y (8)}, min{ts(4)(8), Ty (6)}): 6 € U, d € AU B}
(7, A) U (G B)=(G, B) U (F, A).
Similarly, we can prove 5.
Definition 3.11
Let (F, A) and (G, B) be two PFHSS over U, then their intersection is defined as follows:
F, A) n (G, B) = {6, (min{ory) (8), 0504 ()}, max{tr @) (6), 75)(8)}):6 € U d e A}
Proposition 3.12
Let (F, Jl'), g, %'), and (¥, C) be three PFHSS over U. Then

1. (F, A) n (F, A)=(F, A

2. (F, A) n (0,A) =F, A

3. (F, A) n (EA) = (EA)

4. (F, A) n (G B)=@G B) n (F, A)

5. ((F, A) n (G B)n 3, O)=F A n (6,8 n #, 0)
Proof By using Definition 3.11 we can prove easily.
Proposition 3.13
Let (F,A) and (G,B) be three PFHSS, then

L A(#ED UG = (FA) n(G8)

2 (FHnG8) = (7D v (68

Proof 1

As we know that

(F,A) = {(5,aﬂﬁ)(5),rﬂé)(5)) |5 € u} and (G, &) = {(5, G40 (8), T4y (8)) | 5 € u} be two

PFHSS, then by using Definition 3.9
(F, c/l) u (G, 23) = {5, (max{af(ﬁ)@?), ag(é)(S)}", min{rf(d)@),‘rg(ﬁ)(é‘)}): 6 € Ude c/l}
By using definition 3.7, we have

(F A v G,8)" = {6, (minftre (8), 15w (8)}, max{oz @ (6), o5 (8)}): 6 € U de A}
Now

(F.A) = {{(6, T2 (), ore(®) | 6 € W} and (6.8) = (6,768, 05)(®) | § € Wy},
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By using Definition 3.11

(T, cﬂ)c n (g, %)C = {6, (min{'[g:(d) (6), Tg(d) ((S)}, max{ays(d) (6), Ug(d) (6)}) d E U, ae cﬂ}
So

(&) v GB) = (FA) n (G8)

Proof 2

As we know that
@, A) = {((6,0r@) (), () | 6 € W} and (G,B) = {((6,05)(8), 740 (8)) | 6 € W)} be two

PFHSS, then by using Definition 3.11

F, A) n (G, B) = {6, (min{oru)(8), 05048}, max{re @) (), 14w (8)}):6 € Ua e A}
By using Definition 3.7, we have

(F A n G,8)" = {6, (max{rs@ (6), 14 (8)}, min{oz @ (6), 55 (8)}): 6 € U de A}
Now

(7. A) ={(6, @), G ®) | 5 € U} and (6,8)" = {(6, 7)), 05)(®) | 5 € u}.

By using Definition 3.9

(T,Ji)c U (g,ﬁs’)c = {8, (max{ts @) (), 744 (8) }, min{or ) (8), o) (8)}): 6 € U, d € A}
So

(F A n G.8) = (FA) v (68

Definition 3.14

Let (F, A)and (G, B) be two PFHSS over U, then their restricted union is defined as

o7 (6) ifieA—-B,6€e U
o(F, A) Ur(G, B)= {05 (8) ifieB-A6€U
max{oz)(8), 0504y (6)} ifi€eANB,s€ U
T ) (6) ifieA—-B6€e U
o(F, A) Up(G, B)= 14 1500 (8) ifieB-—AseU
min{te @ (6), T4 (8) } ifieANB,se U

Definition 3.15
Let (F, A) and (G, B) be two PFHSS over U, then their extended intersection is defined as

oz ) (6) ifieA—-B,6€U
o(F, A) N G, B) = < 05 (6) ifi€eB-AGS€U
min{og ) (8), 654y (8)} ifieAnB,5e U
Tr(a) (6) ifieA—-B6eU
o(F, A) Ne (G, B) = { 75 (5) ifieB-Abse€U
max{ts (6), 7504 (6)} ifi€eANnSB,se U

Proposition 3.16

Let (F, A), and (G, B) be two PFHSS over U, then
L. FA U (FAnGB) = (FA
2. (FA) n (FA UGB = (F A
3. (FA) U (FA) N (6.8) = (F A
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4. (FA) n, (FA Ug G6.8) = (F A

Proof 1 Consider

(F, A) = {(d,(6, 08w (8), T (8)): 6 €U):d € A}, and (G,B) = {(d& (5,050 (8), T54)(8)): 6 €
’U): ae 23,} are two PFHSS over the universe of discourse U

(F,A) N (G, B) = {8, (min{orw)(8), o5a) (6)}, max{ts@(8), 741 (6)}): 6 € U}

F,A) v ((F A n GH) =

{6, (max {o5(a) (), min{o) (8), 05 ()}, min {2 (8), max{rs ) (8), 74 (®)}}) : 6 € U}

F A U (F A n GB) ={(d(5 0r@)(8), Tr@(8)): 5 € U): d € A}.

Therefore,

(F,A) U ((FA) n (G B)) = (FA.

Proof 2 Consider

(F, A) = {(&,(6, 070 (8), Try(8)): 6 € U):d € A}, and (G,B) = {(&, (8, 00 (8), T5()(8)): 6 €
‘U): ae 23} are two PFHSS over the universe of discourse U

(F,A) U (G,B) = {8, (max{or@)(8), 054 (8)}, min{ts)(8), 741y (6)}): 6 € U}

F A n ((FA v @GB) =

{6, (min {af(d) 6), max{af(d) 4, Jg(d)(é‘)}},max {Tf(d) (5),min{TT(d)(6),Tg(d) (6)}}) 16 € ‘U}

FA) n ((F A U (GB)) = {(&(5,0ru)(8), Tr)(6)): 6 € U): & € AJ.

Therefore,

FA) n ((FA U G8) = (FA.

Similarly, we can prove 3 and 4.

4. Logical operators and Necessity and Possibility operators under the Pythagorean fuzzy
hypersoft set.

In this section, we propose the idea of AND-operator, OR-operator, Necessity operator, and
possibility operator under the PFHSS with their several desirable properties. We also introduce the
correlation coefficient under the PFHSS environment.

Definition 4.1

Let (F, A) and (G, B) be two PFHSS over U, then their OR-operator is represented by (F, ) v
(G, B) and defined as follows

(F, A) v (G, B)= (AAxB), where A(d; X &) = F 4(d;) U G(d,) forall (4, x d,) € A xB.
A(dy X &) = {max{ora,)(8), oG, (8} min{rey, (6), 75, (8)}:6 € U,d € A}

Definition 4.2

Let (F, A) and (G, B) be two PFHSS over U, then their AND-operator is represented by (F, A) n (G,
B) and defined as follows

(F, A) a (G, B)= (AAxB), where A(d; X &) = F ;(d;) N G(d,) forall (4, x d,) € A xB.
A(d, X dy) = {min{af(ﬁl)((?),ag(dz)(é)}, max{rf(dl)(é),rg(ﬁz)(é)}:6 € ‘U}

Proposition 4.3
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Let (F, A), (G, B), and (H, €)be three PFHSS over U. Then

1.
2
3.
4.
5

6.

FAVGB) =GB v (F, A

F D GB) =GB (F A)

F DV (GB) v (H, O)=(FDvGB)v (¢, )
DA (GB)n (H, O)=((F D) (6B (3, )
(D v (GB) = F ) r p°(H)

(DA (GB) = F ) v o)

Proof 1 By using Definitions 4.1, 4.2 we can prove easily.
Definition 4.4

Let (F, A) be a PFHSS, then necessity operation on PFHSS represented by @ (F, A) and defined
as follows

D (F, A) = {(&,(5,05)(6), 1 — 0p)(8)): 6 €U): d € A, }
Definition 4.5

Let (F, A) be a PFHSS, then possibility operation on PFHSS represented by (¥, A) and defined as

follows

® (F, A)={(&,(6,1~t5@)(8), tr@)(6)): S €U): G € A, }
Proposition 4.6

Let (F, A)and (G, B) be two PFHSS, then

1.
2.

Proof 1

® ((F,A) Ur (6.8) = (G, B) Up ® (F, A)
O((F A) n. 6.8) =D (G, B) n. & (F, A)

As we know that
@A) = {(6,0708). 12 (®) | 6 € U} and (G,8B) = {(6, 04 (8). 79 () | § € U} are two

PFHSS.
Let ((F,A) Ug (6,8)) =(#, ©)
o7a)(0) ifdeA—-B,6€ U
o(#, €)= < g4 (6) ifieB-A6€e U
max{ozq)(8), 0504y (6)} ifi€eANB,s€ U
Tran (8) ifieA—-B,6eU
7(#, €)= < 1504 (6) ifieB—-—As€e U
min{tss) (8), T5a) (6) } ifi€eANB,5€ U
By using Definition 4.4
or ) (6) ifieA—-B,6€U
@ o7, €)= < 050)(6) ifieB-As€e U
max{or (4 (8), o) (8)} ifi€eANB,s€ U
1 — 0p@) () ifieA-B,6€ U
D (¥, €)= 11— 040 (6) ifieB-Adse U
min{1 — 05(4(8), 1 — 044 (6)} ifieAnB,6e U

Assume @ (F, A) Up B(G, B)= R, where B(F,A) and B(G,B) are given as follows by using the
definition of necessity operation.
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(43) (T,c/q) = {(5,0’3:(&)(6),1 — O'T(d)((s)) | € U} and @ (9, 5B) = {(6, Ug(d)(a),l - O'g(d)((S)) | d €
’U}. By using Definition 3.14

or ) (6) ifieA-B6¢eU
oR = < 06 () ifieB-Abe U
max{oz@)(8), 0501 (6)} ifieAnB,se€ U
1 — 055 (6) ifi€eA—-B,6€ U
™ = {1 — 0505)(8) ifieB-—A6€ U
min{1 — oz)(8), 1 — o) (8)} ifieAnB,5e U

Consequently @ (#, C) and X are the same, so
O ((F,A) Ur (6.8) =B (G, B) Uz & (F, A).

Proof 2
Let ((F,A) n: (G,8)) =3, ©)
o) (6) ifieA—-B,6€U
o(H, €)= { a5 (®) ifi€eB—-—As€e U
min{oz)(8), 0504y () } ifieAnB,se U
Tr(a) (8) ifieA—-B,6€U
7(H, €)= < 1504 (6) ifieB-—AseU
max{tzs (6), 7501 (6)} ifieAnB,se U
By using Definition 4.4
oz ) (6) ifieA-B,6€ U
® o(#, €)= {050 (5) ifaeB-Ase U
min{o)(8), 0504y (6) } ifieANnB,6€ U
1 — 055 (6) ifieA—-B,6€U
D (¥, €)= 11— 04 (6) ifieB-—AdseU
max{1 — oz (6), 1 — g4 (8)} ifi€eANB,s€ U

Assume @ (G, B) N, @ (F, A) = &, where @(F,A) and (G, B) are given as follows by using
the definition of necessity operation.

D F A) = {(6,0,) (8,1~ 0re(®)) | 6 € U} and B (G.8) = {(6,040)(8), 1 = o) (®)) | 5 €
u}. By using Definition 3.15

or @) (6) ifieA—-B,6eU
oR = { 055 (8) ifieB-Adse U
min{oz)(8), 05(4)(8)} ifieANB,s€ U
1= or(6) ifieA—-B,6€U
™ = {1 — 055 (5) ifi€eB—A €U
max{l - 0?(&)(6); 1- O'g(ﬁ)((s)} ifae AN 53,5 EU

Consequently @ (7, C) and X are the same, so
®((F A n. G.B) =@ (G B) n. & (F, A.

Proposition 4.7
Let (F, A) and (G, B) be two PFHSS, then

L ® (FA Uz 68) =® G B) ug ® (F, A)
2. @ (FA N G.B) =R (G B) n. @ (F, A)

Proof 1
As we know that




Theory and Application of Hypersoft Set 97

(F,A) = {(5,0'}"(&)(6),1'7-‘(&)(5)) | 6 € u} and (G,B) = {(8 ag(d)(S),rg(d)(a)) |6 € 'u} are two
PFHSS.
Let ((F,A) Ug (6,%)) =@, ©)

o) (8) ifieA—-B,6eU

o(#, €)= < g4 (6) ifieB-AseU
max{oz@)(8), 0504y (6)} ifi€eANB,s€ U

T (8) ifi€eA—-B,6€U

t(#, €)= 3 15)(8) ifaeB-As€e U

min{tz)(8), 754y (8)} ifi€e AnB,5e U

By using Definition 4.5

1 — 75 () ifieA—-B,6€ U

® o, €)= 1—14(5) ifieB—-—As€e U
max{1 — T¢4)(6), 1 — T4 (8)} ifi€eANnB,6€ U
Tr) (6) ifdeA—-B,6€U
® (¥, €)= 150)(8) ifieB-—A €U
min{tz @ (6), T4 (8)} ifieANnB,se U

Assume ® (F,A) Uz ® (G, B)= X, where @ (F,A) and ® (G, B) are given as follows by using
the definition of necessity operation.

® FA) = {(61- 120 ©®), @ @®)|6€ U} and ® (G,8) = {(8,1- 14008, 7608 | 5 €
U}. By using Definition 3.14

1 — T () ifieA-B,6eU
ok =4 1— 140 (6) ifieB-Ase U
max{1l — T¢)(6), 1 — T4 (8)} ifieANnB,s€ U
T (8) ifieA—-B,6€e U
™ = < 760 (6) ifi€eB—-—As€e U
min{tss) (6), T5ay (6)} ifi€eANB,s€ U

Consequently ® (#, C)and X are the same, so

® (F,A) Ur (6.8) = ® (G, B) Ur ® (F, A).

Proof 2

As we know that

@A) = {(6,0p0(8). 120(®) | 6 € U} and (G.8B) = {(6, 04 (8). 79 (®)) | § € U} are two
PFHSS.

Let ((F,4) n. (6,9)) =@, €)

Q) ifi€eA—-B,6€ U
o(#, €)= < g4 (6) ifi€eB—AS€eE U
min{og ) (8), 654y (8)} ifieAnB,5e U
Tr(a) (8) ifieA—-B6¢eU
7(H, €)= < 1504 (8) ifieB—-—Adse U
max{tss (6), 7504 (6)} ifi€eANB,se€ U

By using Definition 4.5
1 — 7@ () ifieA-B,6¢eU
® o, €)= <1 —1404(8) ifi€eB—AS€e U

min{1 — T (8), 1 — 744 ()} ifieAnB,5e U
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Tr(a)(6) ifieA—-86¢eU
® t(#, €)= < 15w () ifieB-Abe U
max{tsz (6), 7504 (6)} ifieANnB,se U

Assume ® (F,A) N, ® (G, B)= R, where ® (F,A) and ® (G, B) are given as follows by using
the definition of necessity operation.

® F A) = {(61- 10, r(®) ] 6€ U} and ® (6. 8) = {(6,1— 140 (8). 76 () | 5 €
U}. By using Definition 3.14

1— 174 (6) ifieA—-B,6€eU
ok =11 —140(6) ifieB-Ase U
min{1 — T (8), 1 — 744 ()} ifieAnB,se U
Tr(a) (8) ifieA—B,6€eU
™ = < 500 (6) ifieB-AS€e U
max{ts4(8), 751y (8)} ifieAnB,se U

Consequently ® (¥, C) and & are the same, so
® (FA) N 6.8) =8 G ¥ n. @ (F A

Proposition 4.8

Let (F, A) and (G, B) be two PFHSS, then
L. ®(FArGB) =B F, A) » &G B)
2. ®(FAVGY) =D F A v dG B)
3. Q(F ArGB) =QFA » ®GB
4 Q(FAHVGB)) =QF A v®GB

Proof 1 Proof is straight forward.

5. Application of Correlation Coefficient for Decision Making Under PFHSS Environment
In this section, we present the correlation coefficient under the PFHSS environment and
establish an algorithm based on the proposed CC under PFHSS and utilize the proposed approach

for decision making in real-life problems.
Definition 5.1

Let (F,A) = {(51" GT(dk)(ai):TT(dk)(ai)) | 6, € u} and (G,%8) = {(ai'O-g(dk)(di)"[g(&k)(di)) | 6; €
u] be two PFHSSs defined over a universe of discourse U. Then, their informational energies of
(F,A) and (G,B) can be described as follows:

Sornss (FoA) = s s (950 00) + (270 @0))

4 4
Spruss(G,B) = Yh=1 Xiz1 ((Gg(ﬁk)(5i)) + (Tg(ak)(ai)) )
Definition 5.2

Let (F,A) = {(8i' U?(dk)(6i)'rf(dk)(6i)) | 8; € U} and (G, %) = {(51'; 06,0 (00, Tg(ak)(5i)) | 6; € u}
be two PFHSSs defined over a universe of discourse U. Then, their correlation measure between
(F,A) and (G,B) can be described as follows:

Cpruss (F,A), (6,B)) = Tit, Xiey <(U?(ék)(6i))2 * (Ug(ak)(5i))2 + (Tf(ak)(5i))2 * (Tg(ak) (5i))2)-
Definition 5.3
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Let (F, o) = {(8 07 (0, Trap(6)) | 6; € U} and (G,8) = {(8: 0500 (8, Tga,y(60) | 6 €
’U} be two PFHSSs, then correlation coefficient between them given as 6 ,FHSS((T , cf‘i), (G, B)) and
expressed as follows:

Sprnss (F, ), (G,8)) = -—cessEAHED)
J SprHss(F.A)x \/ Spruss(G,B)

SIFHSS((T' cﬂ)' (6.%8)) = , , , ,
=1 Xi=1 ((@(ap(&’)) *(Jg(ak)(5i)) + (Tf(ak)(5i)) * (Tg(ak)(5i)) )

4 4 4 4
JZ 5 (om0 00) + (er0@060) ) {22 2 (05000 (60) + (ra0(60))
5.1 Algorithm for Correlation Coefficient under PFHSS

Step 1. Pick out the set containing sub-attributes of parameters.

Step 2. Construct the PFHSS according to experts in form of PFHSNS.

Step 3. Find the informational energies of PFHSS.

Step 4. Calculate the correlation between PFHSSs by using the following formula

Crrnss ((F,A), (G,8)) = Zit1 iy ((Gf(ak)(&-))z * (Ug(ak)(Si))z + (TT(dk)(Si))z * (Tg(ak)(5i))2)

Step 5. Calculate the CC between PFHSSs by using the following formula

6PFHSS((T cﬂ) (g EB)) — CPFHSS((T"K)'(Q%))
J SprHss(F.A)* \/ Spruss(G,B)

Step 6. Choose the alternative with a maximum value of CC.

Step 7. Analyze the ranking of the alternatives.

A flowchart of the above-presented algorithm can be seen in Figure 1.

eInput Alternatives and sub-attributes of parameters
Step 1 )

* Expert's evaluation for each alternative in terms of PFHSNs according to sub-attributes )
Step 2 values of the parameters

Sten 3 * Compute the informational energies for each alternative
€p J

*Measure the correlation between alternatives sub-attributes and department
Step 4| requirenment

e Compute the correlation coefficient
Step 5

Steo 6 e Choose the alternative with a maximum value of CC
ep

¢ Analyze the ranking of the alternatives

Step 7

Figure 1: Flowchart for correlation coefficient under PFHSS
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5.2 Problem Formulation and Application of PFHSS For Decision Making

Department of the scientific discipline of some university U will have one scholarship for the
position of the doctoral degree. Several students apply to get a scholarship but referable
probabilistic along with CGPA (cumulative grade points average), simply four students call for
enrolled for undervaluation such as T = {T%,72,73,74} be a set of selected students call for the
interview. The president of the university hires a committee of four decision-makers (DM) U =
{01,0,,05,0,} for the selection of doctoral degree student. The team of DM decides the criteria
(attributes) for the selection of doctoral degree such as = {£; = Publications, £, = Subjects, £; = IF}
be a collection of attributes and their corresponding sub-attribute are given as Publications = #; =
{a;; = more than 10,a,, = lessthan 10} , Subjects = ¢, = {a,; = Mathematics,a,;, =
Computer Science}, and IF = £ = {a;; = 45,a5, = 47}. Let & = £, x £, x £5 be a set of sub-
attributes
L =4y x £y x ¥3 = {as1,a12} X {az1,a2} X {azy, a3}

{(an' 21, A31), (A11, @21, A32), (A11, A2z, A31), (A11, A2z, A32),
(@12, 21, A31), (A1, Az1, A32), (A1, A2z, A31), (Q12, Az2, A32)
set of all multi sub-attributes. Each DM will evaluate the ratings of each alternative in the form of
PFHSNs under the considered multi sub-attributes. The developed method to find the best
alternative is as follows.

, v x x x x x x
}, R = {d,,d,, ds, dy, ds, dg, 4, dg} be a

5.3 Application of PFHSS For Decision Making

Assume T = {T1,72,73,74} be a set of alternatives who are shortlisted for interview and £ =
{£1 = Publications, £, = Subjects, £3 = Qualification} be a set of parameters for the selection of
scholarship positions. Let the corresponding sub-attribute are given as Publications = #; =
{a;; = more than 10,a,, = lessthan 10} , Subjects = ¢, = {a,; = Mathematics,a,; =
Computer Science}, and IF = £; = {a3; = 45,a3, = 47}. Let & = ¢; x £, x £5 be a set of sub-
attributes. The development of the decision matrix according to the requirement of the scientific
discipline department in terms of PFHSNSs is given in Table 1.

Table 1. Decision Matrix for Concerning Department

o a, a a3 a, ds e a; dg

2, (.3,.8) (.7.3) (.6,.7) (.5,.4) (.2,.4) (.4,.6) (.5,.8) (.9,.3)
a, (.6,.7) (.4,.6) (.3,.4) (.9,.2) (.3,.8) (.2,.4) (.7,.5) (.4,.5)
i (.7,.3) (.2,.5) (1,.6) (.3,.4) (.4.6) (.8,.4) (.6,.7) (.2,.5)
i (.8,.4) (.2,.9 (.2,.4) (.4,.6) (.6,.5) (.5,.6) (.4,.5) (.8,.3)

Develop the decision matrices for each alternative in terms of PFHSNs by considering their sub-

attributes values of given attributes can be seen in Table 2- Table 5.

Table 2. Decision Matrix for Alternative T®

1 ~ ~ ~ ~ ~ ~ ~ ~
A a, a, s a, ds g a, g

i (.7,.6) (.3,4) (.6,.5) (.3,.9 (.5.4) (.4,.6) (.7,.5) (.4,.8)
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3 (85 (74 (9.2 (74 (45 (9.3 (2.7 (3.8
& (3.7 (45 (48 (34 (67 (3,4 (9.2 (7.2
3, (54 (7,60 (93 (85 (92 (24 (4.6) (.6.5)

Table 3. Decision Matrix for Alternative 7

7@ i, i, i, d, ds i, a, g
3, (6.5 (3.8 (4.5 (7,4 (6.4 (45 (3,4 (7.5)
(8.4 (9.3 (1.8 (1,.2) (4.6 (3.7 (68 (8.4
& (6.7 (7,4 (7,5 (3,4 (9.2 (65 (35 (6.7
9, (54 (4.8 (5.6 (3,4 (7,.6) (7.5 (4.9 (5.2

Table 4. Decision Matrix for Alternative 7®

AC) a, a, ds d, ds G a, g
(5.7 (85 (7.4  (4.3) (4.9 (24 (8.4 (7,.5)
a (8.5 (7,4 (85  (5.2) (5.7 (7.5 (7,6 (6.4
(6.8 (4.5 (65 (6.4 (7,5) (84 (58  (4.5)
3, (5.7 (9.3 (3.5 (5.7 (3,5 (85 (7.5  (2.5)

Table 5. Decision Matrix for Alternative 7®

T® a, d, ds d, ds e a, dg
3, (6.5 (3.8 (4.5 (7,4 (64 (45 (3,4 (7.5
3 (8.4 (93 (1,8 (1,2 (4.6 (3.7 (6.8 (8.4
a (6.7 (7,4 (7.5 (3,4 (92 (6.5 (3.5 (6.7
3, (5.4 (48 (5.6 (3,4 (7,6 (7.5 (4.9 (5.2

By using Tables 1-5, compute the correlation coefficient between 8ppyss(90, TM), Sppuss (@, TP),
Sprnss (@, T ), Sppuss(0, T™@) by using Definition 5.3 given as follows:

pruss (0, T M) = 99658, Spruss(§,T @) = 99732, Spryss(2,T) = 99894, and Sppyss(0,T™) =
.99669. This shows that Sppyss (@, T®) > Sprrss (@, T P) > Spruss(@, T > Sppuss (0, TD). Tt
can be seen from this ranking alternative 7®) is the most suitable alternative. Therefore 7®) is
the best alternative, the ranking of other alternatives given as 7® > 7® > 7® > 70, Graphical

results of alternatives ratings can be seen in Figure 2.




Theory and Application of Hypersoft Set 102

0.9995
0.999 Correlation Coefficient for. PF

Vg

0.9985

0.998

0.9975

0.997

0.9965 TA(1), 07 .99669

0.996
0.9955

0.995
T™(1) T2 TA(3) T™(4)

™(1) T™2) TA(3) T™4)

Figure 2: Alternatives rating based on correlation coefficient under PFHSS

6. Discussion and Comparative Analysis

In the following section, we are going to debate the effectivity, naivety, flexibility as well as
favorable position of the suggested method along with the algorithm. We also organized a brief
comparative analysis of the following: The suggested method along with the prevailing approaches.

6.1 Superiority of the Proposed Method

Through this research and comparative analysis, we have concluded that the proposed
methods' results are more general than prevailing techniques. However, in the decision-making
process, compared with the existing decision-making methods, it contains more information to deal
with the data's uncertainty. Moreover, many of FS's mixed structure has become a special case of
PFHSS, add some suitable conditions. In it, the information related to the object can be expressed
more accurately and empirically, so it is a convenient tool for combining inaccurate and uncertain
information in the decision-making process. Therefore, our proposed method is effective, flexible,

simple, and superior to other hybrid structures of fuzzy sets.

Table 6: Comparative analysis between some existing techniques and the proposed approach

Set Truthine Falsit Attribute Multi Advantages
ss y s sub-
attributes
Zadeh [1] FS N4 x v x Deals uncertainty by
using fuzzy interval
Atanassov [2] IFS v v v x Deals uncertainty by

using MD and NMD
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Yager [21] PFS v v v x  Deals more uncertainty
by using MD and NMD
comparative to IFS
Zulqarnainet  IFHSS v v v v Deals uncertainty of
al. [46] multi sub-
attributes
Proposed PFHS v v v v Deals more uncertainty
approach S comparative to IFHSS

6.2 Comparative Analysis

By using the technique of Zadeh [1], we deal with the true information of the alternatives, but
this method cannot deal with falsity objects and multi sub-attributes of the alternatives. By utilizing
the Atanassov [2], and Yager [21] methodologies, we cannot deal with the alternatives' multi-sub-
attribute information. But our proposed method can easily solve these obstacles and provide more
effective results for the MCDM problem. Zulqarnain et al. [46] presented IFHSS deals with the
uncertainty by using the MD and NMD of the sub-attributes of a set of parameters, but the sum of
MD and NMD of sub-attributes cannot exceed 1. In some cases the sum of MD and NMD exceeds
1, then existing IFHSS fails to deal with such situations. Instead of this, our developed method is an
advanced technique that can handle alternatives with multi-sub-attributes information when the
sum of MD and NMD exceeds 1. A comparison can be seen in the above-listed Table 6. However,
on the other hand, the methodology we have established deals with the truthiness and falsity of
alternatives with multi sub-attributes. Therefore, the technique we developed is more efficient and
can provide better results for decision-makers through a variety of information comparative to
existing techniques.

7. Conclusion

The Pythagorean fuzzy hypersoft set is a novel concept that is an extension of the intuitionistic
fuzzy soft set and generalization of the intuitionistic fuzzy hypersoft set. In this work, we studied
some basic concepts and developed some basic operations for PFHSS with their properties. We
proposed the AND-operation and OR-operation under the PFHSS environment with their desirable
properties in the following research. The idea of necessity and possibility operations with numerous
properties under the Pythagorean fuzzy hypersoft set is also presented in it. Furthermore, the
concept of CC is also established in this research with its decision-making methodology. We used
the developed methodology to solve decision-making problems to ensure the validity and
applicability of the developed decision-making methodology. Furthermore, A comparative analysis
is presented to verify the validity and demonstration of the proposed method. Finally, based on the
results obtained, it is concluded that the suggested techniques showed higher stability and
practicality for decision-makers in the decision-making process. In the future, anyone can extend
the PFHSS to interval-valued PFHSS, aggregation operators, and TOPSIS technique under PFHSS.
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Abstract: In this chapter, we stretch out the TOPSIS technique to illuminate MAGDM issues in the
interval valued neutrosophic hypersoft set environment. To build up the proposed TOPSIS
procedures, distance measures, similarity measures and the concept of interval valued
neutrosophic hypersoft matrices IVNHSM) is introduced along with definitions, theorems,
propositions and examples. To exhibit dependability and suitability of the proposed TOPSIS
technique, we solve a numerical example for the selection of the best marriage proposal. TOPSIS is
a fascinating tool for dealing with MCDM. The Future directions and the limitations of the proposed
algorithm are also presented.

Keywords: Interval Valued Neutrosophic Hypersoft Set (IVNHSS), MCDM, Neutrosophic Hypersoft Set
(NHSS), Neutrosophic Hypersoft Matrix (NHSM), TOPSIS, MAGDM, Similarity Measures, Distance

Measures.

LIntroduction

In our daily life every being has to decide something and it is very common that most of us faces
problem in decision making. To make decision making easy different researchers and
mathematicians invent many techniques. Multi criteria decision making is also one of the decision-
making techniques. MADM is a procedure of finding an ideal alternative that is most suitable to
fulfill the need from a lot of options associated with various different attributes. A huge range of
strategies has been adapted for managing MADM issues, such as, VIKOR [1], AHP [2], TOPSIS [3,4]
and etc. In MADM problems, evaluation of attributes can't be constantly given in crisp values due
to uncertain and unpredictable nature of the characteristics in real life. Fuzzy set [5] introduced by
Zadeh is equipped for managing uncertainty in scientific structure. Thus MADM [6-9] can be
demonstrated very well by utilizing the fuzzy set theory into the field of developing decision-
making techniques. Fuzzy set are progressing rapidly but the mathematicians faces problem in

handling uncertainty because fuzzy set can just concentrate on the participation degree and it
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neglects to consider non-participation degree and indeterminacy level of imprecise information.
Atanassov [10] presented Intuitionistic Fuzzy set (IFS) for dealing with uncertainty and
unpredictability in the more accurate manner by considering the truth membership and falsity
membership values. Working on intuitionistic fuzzy set it is noticed that some of the incomplete or
indeterminate information do exist. Hence, IFS can't deal with uncertainty in the appropriate
manner in MADM [11-13] and MAGDM [14-16] issues in which some problems arise due to
indeterminate information. Smarandache [17] supports the idea of Neutrosophic set that is a
scientific gadget to overcome issued like indeterminant, uncertain and contradictory information.
Neutrosophic set displays real membership value, indeterminacy membership value and falsity
membership value. Such an idea is of great significance in numberless applications because
indeterminacy is checked extraordinarily and truth membership values, indeterminacy
membership values and falsity values are independent. Molodtsov [18] highlights the idea of soft
set to manage issues Indefinite circumstances. It was said that soft set was parameterized family of
subsets of universal sets. Soft sets have their own paramount importance in the fields of artificial
insight, game hypothesis and fundamental decision-making issues., it also helps us to find out
various functions for different parameters and benefit values against the accepted and established
parameters. We come to know that the fundamentals of soft set theories have been mediated and
pondered over by different learned people for the last two years. For example, Maji et al [19,20]
presented a hypothetical analysis of soft sets and upper set of soft sets, equality of soft sets and
operation on soft sets, for example, union, intersection AND, and OR operation between different
sets. Ali at el [21] new operations in soft theory that covers restricted union, intersection and
difference. Cagman and Egniloglus [22,23] support soft set theory that empowers itself a very
important measurement while looking after issues to make different choices. Onyeozili [24]
presented research which claims that soft set is equal to corresponding soft matrices. From
Molodtsov [25] to present different beneficial applications identified with soft set theory have been
presented and annexed to numberless fields of science and data innovation. Maji [26] presented
Neutrosophic soft set exhibited by truth, indeterminacy and falsity membership values that are
independent in nature. Neutrosophic soft set can manage inadequate, uncertain and inconstant data
while intuitionistic fuzzy soft set can only deal with partial data. Smarandache [27] came up with
new plans to cope with uncertainly. Soft sets were generalized to hypersoft set by altering the
function into multi decision function. When features and attributes are more than one and further
diverge, Neutrosophic soft set environment can't help to cope with such kind of issues owing to
soft sets as soft sets deal with sole argument function. In order to overcome such problem,
Neutrosophic hypersoft set [28] was introduced. There are various MADM methodologies are
accessible in the literature. Among them TOPSIS is extremely mainstream to manage
MADM.TOPSIS strategy offered by Hwang and Yoon [3] can be called one of the strategies which
can provide suitable solutions. The central idea of TOPSIS is that the best alternative must keep

the shortest distance from the positive ideal solution (PIS)and the farther distance from the negative
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ideal solution (NIS) simultaneously. TOPSIS is very renowned and well known to deal with
MADM. Behzaian et al. [4] offered a detailed survey on TOPSIS applications in various fields. Many
researchers proposed TOPSIS technique to solve MCDM and MAGDM problems. [29-35]. Multi-
Criteria decision problems (MCDM) consist of several attributes and indeterminacy, to deal with
such types neutrosophic sets (N's) and interval valued neutrosophic sets (IVN’s) are used because
(N's) fully deal with indeterminacy whereas to deal with vagueness and uncertainty neutrosophic
soft sets (NS's) are used. But when attributes are more than one and further bifurcated the concept
of neutrosophic soft set (NS's) cannot be used to tackle such type of issues so, there was a dire need
to define the new environment, for this purpose the concept of neutrosophic hypersoft set (NHSS)
was proposed by [28][36] Matrix notations on neutrosophic hypersoft set is proposed in []. This
concept was extended to IVNHSS [37] with the generalization of definition and operators. To solve
MCDM and MAGDM problems in IVNHSS environment it is necessary to propose any technique.
So, in this chapter the basic operation like; interval valued neutrosophic hypersoft Matrix
(IVNHSM), Generalized weighted distance for IVNHSM and IVNHSS the similarity measure for
IVNHSM and IVNHSS are proposed. By using these operations, the algorithm of TOPSIS is
extended to IVNHSS TOPSIS.

1.1 The Chapter Presentation:

After introduction rest of the chapter is contain section 2 of some basic preliminaries. Then we
have Section 3, in which definition of IVNHSM along with some operations are defined. Section 4
consists of generalized weighted similarity measure for both IVNHSS and IVNHSM. Section 6, have
distance measures for the both IVNHSS and IVNHSM. Section 7, consist of the TOPSIS algorithm
which is proposed using the similarity measure, distance measure and IVNHSM. In section 7, a case
study is presented. Finally, Sect. 8 presents some concluding remarks and future scope of research.

Figure: 1 represents the chapter presentation graphically.

2.Preliminaries
This section consists of some basic definitions which leads us to neutrosophic hypersoft sets and
will be helpful in rest of the article.

Definition 2.1: Neutrosophic Soft Set
Let U be the universal set and E be the set of attributes with respect to U. Let P(U) be the set of
Neutrosophic values of U and A € E . A pair (F, A) is called a Neutrosophic soft set over U and
its mapping is given as

F:A - P(U)

Definition 2.2: Hyper Soft Set:
Let U be the universal set and P(U) be the power set of U. Consider I',13,13..1" for n > 1, be n
well-defined attributes, whose corresponding attributive values are respectively the set
L4124, 13 .. I" with LnL =@, for i #j and i,je{1,2,3..n} , then the pair (F,L' x L2 x L3 ...L") is
said to be Hypersoft set over U where F:L!' x L* x L? ...L" - P(U)
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Definition 2.3: Neutrosophic Hypersoft Set [28]
Let U be the universal set and P(U)be the power set of U. Consider 1',1%,1® ...1" for n > 1, be n
well-defined attributes, whose corresponding attributive values are respectively the set
L4113 ..I» with LnL =@, for i #j and i,je{1,2,3...n} and their relation L' X L2 x L3 ...L" = §,
then the pair (F,$) is said to be Neutrosophic Hypersoft set (NHSS) over U where

FL' X 12X 3 ... 1" > P(U)and

F(L' x 12 x L3 ... 1M) = {< x, T(F($)),1I(F($)),F(F($)) >, x € U} where T is the membership value of
truthiness, I is the membership value of indeterminacy and F is the membership value of falsity
such that T,,F: U - [0,1] also 0 < T(E($)) + I(F($)) + F(F($)) < 3.
Definition 2.4: Interval Valued Neutrosophic Hypersoft Set (IVNHSS) [37]
Let U be the universal set and P(U)be the power set of U. Consider 1',1%,1® ...1" for n > 1, be n
well-defined attributes, whose corresponding attributive values are respectively the set
LY 12,12 ... I" with L'nL =@, for i #j and i,je{1,2,3...n} and their relation L! x ? x L?...L" = §,
then the pair (F,$) is said to be Interval Valued Neutrosophic Hypersoft set (IVNHSS) over U
where

FiI! x12x12..L" > P(U)and

F(L' x 12X L2 ..1M) = {< %, [TH(E®), TE®)] [I*E®), IYE®)]. [F*(E®)),FU(E®))] > x €
[U} where [TL(F ($))] is the lower membership value of truthiness, IL(F ($)) is the lower
membership value of indeterminacy and FL(F($)) is the lower membership value of falsity.
Similarly, [TU(F($))] is the upper membership value of truthiness, IY(F($)) is the upper
membership value of indeterminacy and FU(F($)) is the upper membership value of falsity. Such
that

[TE(E($)), TV(EM®)], [1(E®)). IV (ES®)], [FX(E($)), FU(E($))]: U - [0,1] .
Also 0 < supT(F($)) + sup I(F($)) + supF(F($)) < 3.
Definition 2.5: Neutrosophic Hypersoft Matrix (NHSM) [38]
Let U = {u*,u? .. u*} and P(U) be the universal set and power set of universal set respectively,
also consider Ly, Ly, .. Ly for 4 =1, & well defined attributes, whose corresponding attributive
values are respectively the set L%, L3, ... LZ and their relation L¢ X L2 x ... L7 where a,b,c,...z =
1,2,..n then the pair (F,L¢x L3 x .. L%) is said to be Neutrosophic Hypersoft set over U
where F: (L§ x L8 X ... LZ) » P(U) and it is define as

F: (LY X L3 X ... L) = {< u, T,(w), I,(w), F(w) >u € U, £ € (L X L X ... L3)}
Let R,=(L¢ XL X .. L%) be the relation and its characteristic function is Xg,: (LT X LZ x
. L3) » P(U) anditis defineas Xg, = {<u, T,(u), [,(w),Fe(w) >u € U, ¢ € (LT X L2 x .. L2)}

The tabular representation of R, is given as

L% Lb L2
ul X,Re(ul, LY) Xn&,a(ul' [L?) XRe(ul, L3)

u? Xg,(u? LE) Xp, (W 1Y) Xg,(W? 1L%)

u X, (u®, L) X, (%, LY) X, (%, 15)
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If Ay = Xg,(u% LF), where i =123 ..a,7=123,..4,£ = a,b,c, ...z, then a matrix is defined as
All A12 Al&

Ay Ay = A
[Ailae =| 70700 7

Aa,l Aaz Aa[r
Where 4,; = (’H‘]L;L(ui),llmf(ui), F]L;‘(u'i)’u’i € ULFe@LfxLyx .. mf,)) = (Tt p Uss Fizs)

Thus, we can represent any Neutrosophic hypersoft set in term of Neutrosophic hypersoft matrix

(NHSM), it means that they are interchangeable. Its generalized form is given as

Tye (uy), ]I]L‘f(u1): IF]L%(UO ']I']le; (wy), H]lez (uy), ]F]Lg (uy) - Tyz (uy), H]Lf,(uﬂ, F]Lﬁ(ul)

[A ] _ T]L‘f(uz): H]L‘f(uz)' Fpa (u) T]le? (uz), H]Lg (uy), ]F]lez (uz) - Tu,ﬁ,(uz)n Iz (uy), Fyz (u,)
laxe — : : :

T]L? (wa), H]L? (ua), ]F]L‘f (uq) T]le’ (ua), ]I]le’ (ua), IF]Lg (ug) - T]LZ (wa), H]Lfy (ua), IF]LZ (uq)
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Figure: 1 The chapter presentation

3. Interval Valued Neutrosophic Hypersoft Matrix (IVNHSM)

In this Section IVNHSM, theorems and propositions with examples are defined.
Definition 3.1: Interval Valued Neutrosophic Hypersoft matrix IVNHSM)
Let U = {u',u? ... u”} and P(U) be the universal set and power set of universal set respectively,

also consider L;,L,,.. Ly for & =1, & well defined attributes, whose corresponding attributive
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values are respectively the set L, L, ... L7 and their relation L$ x L2 x .. L7 where a,b,c,..z =
1,2,..n then the pair (F,L¢ x L5 x .. L3)
where F: (L x L5 x ... LZ2) > P(U) and it is define as
F: (L9 X L5 X . 1) = (< w, (T4 @), TY ()1, [ 1), 1Y ()], [F5 ), FY @)D > u € U, € € (LE X
L x .. 12%)}
Let R,=(L¢ x L5 x
. L%) - P(U) and it is define as
u€e U, ¢e (L x5 x

is said to be Neutrosophic Hypersoft set over U

. L3) be the relation and its characteristic function is Xg,: (L{ X L} x
Xr, = {<w, ([TgW), T? W], [ 13 w), Iy )], [F(w), Fy w)]) >

.. L3)}. The tabular representation of R, is given as

L4 1L L%
u' Xg, (', L) Xg, (u!, LY) Xg, (', L3)
u? Xr,(W? L) Xr, (u? 17) Xg,(? 1L3)

Xr, (u* L3)

z, then a matrix is define as

u® Xg, (u”, LT) Xg,(u® 1Y)

If Ay = Xg,(u%, LF), where i =123 ..a,7=123,..6,£=ab,c,..
Ayg Ay - Ay
(), = | e e
Agy Az Ags

Where ([T;ﬁ(ui) T (ui)] [H;ﬁ(ui) 1v (ui)] [u:;,}(ui) F(u)| u, € U L% € (18 x 1L} x

- ]Lz)) (’]rqlu ijhr ﬁfj/&)

Thus, we can represent any Interval valued neutrosophic hypersoft set in term of Interval valued
neutrosophic hypersoft matrix IVNHSM), it means that they are interchangeable. Its generalized

form is given as;

[The (), Tl ()],
[ 1Ee (), Wa uy)],
[Py ), Fip )|
[T (u2), Tha ()]
[k (uz), 1a ()],
[ Fha(uy), ]F]La(uz)]

[Z'Lf]a,x{iv =

|Tha (o), Tffg )],
[ 1Ee (o), 1 ()],
| Fla(ua), Fla (u,)]
Definition 3.2: Row IVNHSM Let
(T4

1;/&' /L;

only one attribute i.e. U= {u'} then itis a Row IVIVNHSM.

.
;

[TEy (), T ()],
| 1 ), 1 ()]
[ty ), By )]
[TEs (2, T ()],
by (), 18 ()]
(uz),wlb(uz)]

[TE (o), le ()],
by (), 1 ()],

b(ua),n:mb(ua)]

[Au] be the IVIVNHSM of order a X &, where A

[Ths (), T, ()],
[ 1E2 ), 1% )],
| Pz (), Pl ()]
[Ty (), Ty ()]
ACBRACHIF
[Pt (o), Py )]

[TL 1% (ua), :H'U 12 (ua)] ,
OB ACHI
| Pl ) P (wo)] /]

i Fij F%,) then A is said to be Row IVNHSM if a = 1. It means that if an IVNHSM contain
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Definition 3.3: Column IVNHSM Let A = [4;;] be the IVNHSM of order a x &, where 4;; =
(’JTWIL, ik W’a) then 4 is said to be Column IVNHSM if & =1 . It means that if an IVNHSM

contain only one alternative i.e. £ = {L{} then itis a Column IVNHSM.

Definition 3.4: Zero IVNHSM Let A= [/Tiy»] be the IVNHSM of order a X &, where “TW’ =
(T4 12,5, Fis) then 4 is said to be Zero IVNHSM if 4,; = ([0,0],[1,1],[1,1]) .

Definition 3.5: Universal IVNHSM Let A = [/Tiy»] be the IVNHSM of order a x &, where “TW’ =
(T4, 14, Fiyp) then A is said to be Universal IVNHSM if 4,; = ([1,1],[0,0],[0,0]) .

Definition 3.6: Interval Valued Neutrosophic Hypersoft Submatrix IVNHSSM)

Let A=[A,]and B = [B;] be the two IVNHSM of order a x &, where A;; = (T4, 12,5 Fiis)

and By = (T5,,15,,FL;) then [4;]is said to be IVNHSSM of [B,;] if [’JI‘L in < ']I‘LW,&, TUWQ <
B A B
TU»L;‘/L] I:I[L’ij < HL@M;' ’L]/& <I ¢;IL] [IFL’I,]/L 2 [FLWIU IFU/LHL 2 IFUiﬂa]'

Definition 3.7: Interval Valued Neutrosophic Hypersoft Equal Matrix IVNHSEM)

Let A= [Zﬂ»]and B= [Eﬁ] be the two IVNHSM of order a X &, where Z (Tm/u i ﬁfﬂ)

and By = (T2, 15,,F%,,) then[4,]is said to be IVNHSEM of [By] if [”JI"“M/a = "JI‘LWQ, ’Il"UWé =
A B
TU/LML] [HLm/a - HL/LML' m/& =1 /LHL] [IFL/LHL - IFL/LHL' ]FU/ij/L = IFU/L;%]-

Definition 3.8: AND Operation

Let A= [/Tij]and B = [Eq] be the two IVNHSM of order a X &, where Z (wau i =¢M

and B, = (T4, 12, FL;) then[A,] A[B,] isgivenas

[min (']I"Lfﬂu TLfm) , min (Tuf;m' TU?M)] ,
(150 150) (I%h1%0)

[A,;] 7 [By] = " ) - ,

[max (IFLfM, ]Fij/L) , max ([FUfM, FU?M)]

Definition 3.9: OR Operation

Let A= [/Tﬁ]and B = [Eq] be the two IVNHSM of order a X &, where Z (’Il"iﬂu =¢M' ﬁfﬂ)

and E (qu' i W"L) then[AW] [B%,] is given as
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LA LB uA uB
[max (']I‘ iﬂu']I‘ iﬂé),max (']I‘ iﬂu']I‘ i )|

7,]v[B,] = (HLfM-HLfM) (Hufﬂa'ﬂuf;k)
if gl = ’ ’

n n

\ [min (IFLfM, IFLfM),min (Fufﬂu Fuf;k)] /

Definition 3.10: Sum of IVNHSM

Let A=[A,]and B =[B;] be the two IVNHSM of order a x &, where A;; = (T4, 145 Fis)

and E (qu' i W/&) then[A %,] + [B%,] is given as

n

ah)-(E e T

(15 + 150 ) (15 + 1V5)

H([[“Tw‘] + [’Z;]D = '

n n

R e

4. Similarity Measures for Interval Valued Neutrosophic Hypersoft Matrix IVNHSM)
In this section similarity measures for Interval Valued Neutrosophic Hypersoft Matrices IVNHSM)
and Generalized weighted Similarity measure for NHSS's are defined.
Proposition 4.1: Similarity Axioms
Let A=cA; ,B=B, and C=C, be the three IVNHSs where A; = ([T# 14, Ff) , B, =
(T%,12,F?) and ¢; = (T¢,15,F¢) and 4 = {1,2,3 ...n} then it satisfies the following axioms

1. 0<S(AB)<1

2. S8(A,B) =1if and only if A = B.

3. S(A,B)=S8(B,A)

4. If AcBcC then §(A,C) < S§(A,B) and §(A,C) < S(B,0).

Definition 4.2: Generalized weighted similarity measure for IVNHSS.

Let A=A, and ,B=38,be the two IVNHSs where 4, = ([T# 1, F?) and B, =
(12,12, F%), and 4 = {1,2,3 ...n} then the generalized weighted similarity measure is given
as

A A A A
L L U U L L U U
SA(CA,B):l—[éZZWi(]Tf —T5 | |18 —15 | +|1f —1f I — 17| +
A A i
L L U UM\t
F; — F? +‘[Ff — F5 ) Where 1> 0.
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Definition 4.3: Similarity measure for IVNHSM

Let A=[A,] and B =[B,;] be the two IVNHSM of order a x &, where 4, =

(T4 15 Fiip) and By = (T34, 15, F5,,) then the similarity measure between

A=[4,] and B = [B,;] is given as

S(Z,ﬁ) =1- —ZZ |']TL ih ']I‘LW/L| + |']I‘UW/L ¢;k| + | HL/L}/L HL¢M¢|

u4 LA LB u4 uB
'|'|]I ijh — 1 Wfa|+|[F ijh — F ¢M|+|IF ijh — T W¢|)
Example: Let A=

[samsung{[0.6,0.7],[0.4,0.5],[0.5,0.6]} 6 GB{[0.6,0.7],[0.1,0.2],[0.2,0.3]} Dual{[0.7,0.8],[0.1,0.2],[0.05,0.1]}]
and B =

[samsung{[0.7,0.8],[0.05,0.1],[0.1,0.2]} 6 GB{[0.5,0.6],[0.05,0.1],[0.1,0.2]} Dual{[0.2,0.3],[0.5,0.6],[0.3,0.4]}]
be the two IVNHSM then the similarity measure is given as;

= = 1
S(4,B)=1- 0.6 —0.7] + [0.7 — 0.8] +|0.4 — 0.05[ + |0.5 — 0.1 + ]0.5 - 0.1
(AB) =1~y (o - 071 + o7 o8] + | +105 - 0] +105 - 01]

+ 0.6 —0.2| + 0.6 — 0.5| + 0.7 — 0.6] + |0.1 — 0.05| + |0.2 — 0.1] + |0.2 — 0.1]
+103-0.2| +0.7-0.2| + |0.8 = 0.3] + [0.1 — 0.5] + [0.2 — 0.6] + |0.05 — 0.3]
+10.1-04|)

S(A,B) = 0.7417
Definition 4.4: Generalized weighted similarity measure for IVNHSM

Let A=[A;] and B =[B,] be the two IVNHSM of order a x 6, where 4, =
(T4 10 Fiip) and By = (T, 15,4, F5;,) then the generalized weighted similarity
measure between A = [4,;] and B = [B,;] is given as

$:(4,B)

1

a &
A
=1l- MZ Z Wi |TL¢;& TL’L}/I/| + |TU¢;IL 4,ﬂz| + | HL/L;/L /Lﬂz| + | HU/L;& HUWIL
i 7

U:Ju

>l

2
+ | ]FL%,& ¢ﬂz| + | FY 1;& ]FUW% )

5. Distance for Interval Valued Neutrosophic Hypersoft Matrix IVNHSM)
In this section distance measures for Interval Valued Neutrosophic Hypersoft Matrices IVNHSM)

and Generalized weighted distance measure for NHSS's are defined.
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Proposition 5.1: Distance Axioms
Let A=A, ,B=B, and C =C; be the three IVNHSs where A; = ([']I‘f, 17, IF;-A) , B, =
(T%,12,F?) and ¢; = (T¢,15,F¢) and 4 = {1,2,3...n} then it satisfies the following axioms

1. D(A,B)=0

2. D(A,B)=D(B,A)

3. D(A,B)=0iff A =B

4. D(A,B) +D(B,C) =D(A,C)

Definition 5.2: Generalized weighted distance for IVNHSS
Let A=A, and ,B=38,be the two IVNHSs where 4, = ([T# 1%, F#) and B, =
(12,12, F?), and 4 = {1,2,3 ...n} then the generalized weighted distance is given as

n A A A A
1 L L U U L L U U
D,(A, B) = 55 wi<1r§’ —T5 |+ —18 | +|1f -1 +|1f —1f
A A i
L L U v\ 14
+‘IFf—[Ff +|F — F} )]
Where 1 > 0.

Definition 5.3: Normalized hamming distance for IVNHSM

Let A=[A,] and B =[B,;] be the two IVNHSM of order a X &, where 4, =

(T4 164 Ffyp) and By = (T7,4,15,,,F2,) then the normalized hamming distance

between A =[4,,] and B = [B,;] is given as
1 a &
D(/T,E) = Wz z (lTijk /Lﬂal + |TU¢;% fLﬂa,l + | HLWI@ HLiyk|
i 7

A A B A B
+ | V%8 — 1 /Lﬂa| + | Fviin — IFLiMa| + | FY%a = IFUMD
Example: Let 4 =
[samsung{[0.6,0.7],[0.4,0.5],[0.5,0.6]} 6 GB{[0.6,0.7],[0.1,0.2],[0.2,0.3]} Dual{[0.7,0.8],[0.1,0.2],[0.05,0.1]}]
and B =
[samsung{[0.7,0.8],[0.05,0.1],[0.1,0.2]} 6 GB{[0.5,0.6],[0.05,0.1],[0.1,0.2]} Dual{[0.2,0.3],[0.5,0.6],[0.3,0.4]}]

be the two IVNHSM then the normalized hamming distance is given as

D(4,B) =

(lo.6 —0.7] + 0.7 — 0.8| + 0.4 — 0.05| + 0.5 — 0.1] + 0.5 — 0.1]
6(1)(3)

+10.6 —0.2| + 0.6 — 0.5| + |0.7 — 0.6] + |0.1 — 0.05] + |0.2 — 0.1] + [0.2 — 0.1]
+103-0.2|+ 0.7 -0.2| + 0.8 —0.3| + [0.1 — 0.5] + [0.2 — 0.6] + [0.05 — 0.3]
+ 0.1 -0.4|)
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D(4, B) = 0.2583
Definition 5.4: Normalized Euclidean distance for IVNHSM

Let A=[A;] and B =[B,] be the two IVNHSM of order a x &, where 4, =

(T4 18 Fip) and By; = (T5,4,15,, F2,,) then the normalized Euclidean distance

between A =[A4;] and B = [B;] is given as

D(4,B)

~ JZ?Z;}” (|TLfM - TL¢M| + | TV — TUE;MZ + | G, — HLEMF + | 105, - HUEMJZ +| Pl — ]FLfm|2 +| PV, — FUE;MZ)
6at

Example: Let 4 =

[samsung{[0.6,0.7],[0.4,0.5],[0.5,0.6]} 6 GB{[0.6,0.7],[0.1,0.2],[0.2,0.3]} Dual{[0.7,0.8],[0.1,0.2],[0.05,0.1]}]

and B =

[samsung{[0.7,0.8],[0.05,0.1],[0.1,0.2]} 6 GB{[0.5,0.6],[0.05,0.1],[0.1,0.2]} Dual{[0.2,0.3],[0.5,0.6],[0.3,0.4]}]

be the two IVNHSM then the normalized Euclidean distance is given as;

D(A, B) = (((10.6-0.7172+10.7-0.8 1 °2+10.4-0.051"2+10.5-0.1 1 *2+10.5-0.1 1 *2+10.6-0.2 | "2+

0.6-0.5172+10.7-0.6172+10.1-0.05"2+10.2-0.1 1*2+10.2-0.1 [ "2+10.3-0.2 | *2+10.7-0.2 | *2+10.8-

0.3172+10.1-0.5172+10.2-0.6 "2+10.05-0.3 [ "2+10.1-0.4 172 ))/(6(1)(3)))

D(4,B) = 03025
Definition 5.5: Generalized weighted distance for IVNHSM

Let A=[A;] and B =[B,] be the two IVNHSM of order a x 6, where 4, =
(T4 1 Fisp) and By = (T4, 12,4, Fryp) then the generalized weighted distance

between A =[4,,] and B = [B,] is given as

= = A
D/l (A B 6MZ Z Wi Tquz 1;/;| + |TU¢7& ‘L;/&| + | HL*L]/L -1 ¢;IL| + | Huqla - HU’L;/L

1
Z

1
+ | IFLW’L ¢ﬂz| + | IFUW% ]FU’L;/L )

3. TOPSIS for Multi Attribute Group Decision Making (MAGDM)
TOPSIS (The Technique for Order Preference by Similarly to Ideal Solution) is the suitable approach
to deal with Multi Attribute Group Decision Making problems. TOPSIS technique (Shown in

Figure:2) is consist of following steps.
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Compose a decision matrix.

Normalizing decision matrix.

Determine the weighted normalized decision matrix.

Calculate the positive and negative ideal solution.

Calculate the distance of each alternative to the positive and negative ideal solution.

Calculate the relative closeness coefficients.

N o 9ok o=

Rank the alternatives.

Construction of Normalized
Decision Matrix

Construction of Decision
Matrix

Determine weighted
Normalized Decision Matrix Calculate Distance of each
Mternative

Calculate Positive
and Negative Ideal Solution Calculate Relative
Closeness Coefficient

Rank the Akernatives

Figure: 2 Proposed TOPSIS Algorithm for IVNHSS environment
4. TOPSIS Technique for MAGDM With Interval Valued Neutrosophic Hypersoft Set
Consider a Multi Attribute Group Decision Making (MAGDM) problem based on interval valued
neutrosophic hypersoft set in which U = {ul,u?, ... u*} be the set of alternatives and L;, Ly, ... Lg

be the sets of attributes and their corresponding attributive values are respectively the set




Theory and Application of Hypersoft Set 119

L$, 13, ... LZ where a,b,c,..z=12,..n. Let w/ be the weight of attributes ]sz,j = 1,2 ... 4, where
0<w/ <1 and Z _,w/ = 1. Suppose that D = (D, D,, ... D,) be the set of t decision makers
and A* be the weight of ¢ decision makers with 0 < A* <1 and Y{_, A" = 1.

Let

[A% il ., be the decision matrix where AL = (Thn e Fly) =

(ke T0), (ke 15, (Pl F25)) |, i=123..a,f =123,..6,£ =a,b,c,..z and T, =

[T T I8 = [ U] Fip = [Fifs, Fipl € [0,1], 0 < sup TS, + sup I, + sup Fj, < 3.
Utilizing the following steps, the determination strategy for the selection of alternatives is given as
follow:

Step 1: Determine the Weight of Decision Makers

Let [/T’F ] be the decision matrix where
Wlaxs

TE&I (u), ﬁxa (uy), ﬁxﬂ (uy) Tig (uy), ﬁig (uy), ﬁzg (u) - TE@ (u), ﬁig (uy), ﬁ{z (ug) ]
[ij] .= Tf‘f(uz)’ﬂ a(uz) F a(uz) Tig(uz): Hilzy(uz)'ﬂ:gg(uz) Tﬁfg(uz)» Hiz(uz)' Fﬁz(uz)
ax : :
Ti“ (ua,); ﬁxa (ua,); an (ua,) Tib (ua,)r ﬁxb (ua)t ﬁxb (ua) o TEZ (ua)t EEZ (ua)' FEZ (uu)
To find the ideal matrix we will average all the individual decision matrix A% s Wherex =12 ..tas
]1“11 (ul)' ]I]L‘ll(ul)' IF]L‘{-(ul) ILS (ul)' H]Lg (u1); ]F]lei (ul) T]Lf,, (ul); ]IILE (ul); IF]L; (ul)
[/Tz;] L= Tig (uy), ﬁig (uy), Fig (uz) TE}Z’ (uy), ﬁizz; (uy), Fﬂtg (uy) - TE; (uy), ﬁﬁ@ (uy), Fiz (up)
ax : : - :
_TE“% (ua)' ﬁﬁjll (ua,): ﬁﬁ:‘f (ua,) ’T‘Eg (uu): ﬁ;g (ua): ﬁ;g (ua) o TH*@ (ua): ﬁ’]{‘z (ua)' ﬁﬂ*@ (uu)_
where

52,» = (TTL;&(W), ﬁ;f(ui),ﬁif(u¢)>
t 1 t 1
t t
1-— 1_[ (1 - ’Jl"‘ (u¢)> 1- n (1 - Tx%(u¢)> )
x=1 x=1
l t 1
t

l]_[ ﬁ(ui) &(ui) ( )| ﬁ( E(u¢)>_

x=1 x=1
fori=123..a,;=123,..46,£=a,b,c,..zand a,b,c,..2=12,..n
To determine the weights of the decision makers, first we will find the similarity measure between

each decision matrix and the ideal matrix as

a &
X * — 1
S(A%, Ay, _1_—6MZZ<
i 7

H;g(ui) - ]];;U,?(ui) +
i

e () = Tie(u)| +

Ti:ljaj (uy) — Tﬁ/({ (u)| +

HE} (u,) - HE}L (uy)

)

Now we calculate the weight A*(x = 1,2, ...t) of t decision makers using above equation

MWbere 0<A*<1and (A" =1.
Si=1S(A%.47) =

IFEH{Z (uy) — [FTL]L/(L (u) |+
i 7

IFE}] (u,) — IF;% (u,)

Ax_
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Step 2: Aggregate Neutrosophic Hypersoft Decision Matrices
By accumulating all the individual decision matrices, we construct an aggregated neutrosophic
hypersoft decision matrix to obtain one group decision. Aggregated neutrosophic hypersoft

decision matrix is denoted as A;; and it is given as

TlLf (uy), ﬁmg(ul), ﬁ]L‘f(ul) T]L’Z’ (wy), ﬁ]LIZ) (wy), ﬁlg (w) - TH@ (wy), ﬁnj,(ul)' ﬁu,f, ()
[j ] - T]L%(uz)juff(uz): EL‘{ (uz) T]le? (uz), ﬁ]]jz? (uz), EL;; (ug) - ng(uz)‘ ﬁn@ (uz), ﬁmf,, (uz)
“axt : : :
Tio(ue) T (o), Fro () Typ(ua), Tpp (), Fra(ua) -+ Tz (o), iz (o), Frz (ug)
The elements of quin the matrix [Z“f]ax(y is calculated as
[Aif] s

t AX
:<[1—n<1—1r§;(u¢)> 1
t AX t AX Ot
- 1—"Jl‘x“é(u¢)> H <uxk(u¢)) . H"E(ua H M(u»
[(-me) L Eeo) ez LI

x=

: li[(wx%(u»> D

Where i =123..a,7j=123,..6andx =12,..t

Step 3: Determine the weight of attributes

In decision making procedure, decision makers may perceive that all attribute are not similarly
significant. In this manner, each decision maker may have their own one opinion regarding
attribute weights. To acquire the gathering assessment of the picked attributes, all the decision
makers’ opinions for the importance of each attribute need to be aggregated.

For this purpose, weight W/ of attributes L?,j = 1,2 ... &is calculated as
wl = (T]Li’ Iy, ]Flj)
X

=([1—1i[(1—1rf§})A 1

x=1

sl e fer)

Step 4: Calculate the weighted aggregated decision matrix
After finding the weight of individual attributes, we apply these weights to each row of aggregated

decision matrix (step 2) as




Theory and Application of Hypersoft Set 121

[Z?;‘]ax& ( ]L/L(u/L) ]1 (u/l,) F (u¢))
= ([T ). oy TV ). TV | 1 Gu) Ty = T (). Ty 17 )
0, — 1 ). HU[L].] , [FLL;L () + Fly = Uy (). By PV () + Y

— FY (). Fy )

And then we get a weighted aggregated decision matrix.

Step 5: Determine the ideal solution

In real life we deal with two type of attributes, one is benefit type attributes and other is cost type
attribute.

In our MAGDM problem we also deal with these two types of attributes. Let €; be the benefit type
attributes and C, be the cost type attributes.

Neutrosophic hypersoft positive ideal solution is given as

= = + = t =0 t
A;’+ = <1I‘E;& (uy), Hﬁ]j;; (uy), ]FE;ﬁ (W))

[miax {']1‘”“;} (ui)} , max {TUE} (ui)}], [miin {H”‘E} (ui)} , miin {HU;’; (ui)} ] , [miin {IF"“E;(L (ui)} , miin {IFUE%(ui)} ] ,j €ECy
[miin {T‘LE} (ui)} , miin {'ﬂ“m;} (ui)}], [miax {H‘LE} (ui)} , max {HUE;I; (ui)} ] , [miax {[F]L;);z (ui)} , max {]FUEJ;L (ui)} ] ,j EC,
Similarly, neutrosophic hypersoft negative ideal solution is given as

Av” = <'T$f_(u¢)’ ﬁﬁf;_(ui)» ﬁ;’;J(W))

[miin {T‘LE;/_L (u¢)} , miin {TUE;/_L (ui)}], [miax {H‘LE} (ui)} , max {HUE} (ui)} ] , [mfax {[FEE} (u¢)} , max {]FUE} (ui)} ] ,j EC,
[miax {'H‘”“EJ;L (ui)} , miax {’I[‘UEJ;& (ui)}], [miin {H“‘E;& (ui)} , miin {HU;’; (ui)} ] , [miin {IF"“;}(ui)} , miin {IFM;U‘;e(ui)} ] ,j €Cy

Step 6: Calculate the distance measure
Now we will find the normalized hamming distance between the alternatives and positive ideal

solution as;

Di* (A%, A9") = = (|1r1L e (1) — TILM w)| +

+
ICHE SHNCAIE

|H]L;;4,t (w) —

| T = P (w)

)

Similarly, we will find the normalized hamming distance between the alternatives and positive

,
I (o) + |uU;’;a(u¢)— b )| + [ Frpa o) — P o)

ideal solution as; D"~ (A%,A¢7) = ZXf (|THa ) = T @] + [TV5r(uo) —TV0e ()| +

|m§f(u¢)— nm@,j(uo + |]I[UE);L(u¢)— m T(w) +|1pmlk(u¢) M ") +|]FmM(u¢)

)

[FU;);%_(W)
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Step 7: Calculate the relative closeness co-efficient

Relative closeness index is used to rank the alternatives and it is calculated as

DI~ (A%, A97) D+ (A%, A7)

ijr i

i—
He miax{]D)i—(Z‘;;, A2} miin{DH(/Ti};,/T;ﬁ)}
Where 4i=123..a.
The set of selected alternatives are ranked according to the descending order of relative closeness
index.
5. Case study
Marriage is one of the most significant social organizations and today it is similarly as important as
it was many years ago. With the time, the standards of adoration, steadfastness and responsibility
has changes, which are the crucial segments of a solid society. We know that marriage brings
steadiness and it ties us together. It helps make our families more grounded. A significant part of
the quality of marriage lies in its capacity to change with the occasions. As society has changed, so
marriage has changed, and become accessible to an undeniably expansive scope of people. This
coordinate creation process has been messing up best choices.
Objective:
The primary objective of this case study is to provide excellent matchmaking experience by
exploring the opportunities and resources to meet true potential partner. Keeping the objective in
mind, we can select the best proposal to fulfill the current demand in marriage for eligible bachelors.
For this purpose, let R = {R!,R? R3 R* R° R® R’,R®} be the set of different bachelors for
Marriage Proposal.
Following are the attributes for respective bachelors.

A, = Fraternity

A, = Occupation

A; = Nature

A, = Family Size

These attributes are further characterized as
¢ = Fraternity = {suni, shia, deobandi, bralevi}
Where a = 1,2,3,4.
Aklz’ = Occupation = {doctor, engineer, businesman, bankers, merchant}
Where b = 1,2,3,4,5.
A§ = Nature = {conservative, broadminded, respecting, supportive}
Where ¢ = 1,2,3,4.
A¢ = Family Size = { joint family system,nuclear family system}

Where d = 1,2.
Let's assume the relation for the function F:A% X A2 x A§ X A - P(S) as F(A? x A x A§ X
AD) = (A, A, A3 AD) =
(Suni(S), Businesman (BM), Broadminded (B), Nuclear family system(NFS))
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is the actual requirement of a family for marriage proposal.
Four {R?%,R* R R}
i.e.( Suni(S), Businesman (BM), Broadminded (B), Nuclear family system(NFS)).

Four decision makers from the family members {D*, D? D3 D*} are intended to select the most

proposals are selected on the basis of assumed relation

suitable proposal. These decision makers give their valuable opinion in the form of IVNHSM

separately as.

[0809
[0102 BM,
[0.2,0.1] <
S, ([0.7,0.8],
[0.2,0.3], BM,
[0.1,0.2])
[D1]4><4:
[0.5,0.6],
[00501] BM,
[0.2,0.3] > <
[0.8,0.9],
[00501] BM,
[0.05,0.1]
0203,
S, 0203, BM,
[0.6,0.7]
S,([0.7,0.8],
[0.1,0.2], BM,
[0.05,0.1])
[D2]4X4=

[0.5,0.6],
[0.2,0.3],
[0.3,0.4]

[0.8,0.9],
[0.05,0.1],

[0.1,0.2]

i
{

[0.2,0.3],
0.2,0.3]
[0607)
[0.5,0.6],
[0.1,0.2],
[0.5,0.6]

[0.7,0.8],
oosou

[0.8,0.9],
[0.05,0.1],
[0.05, 0.1]

[0.8,0.9],
[0.1,0.2],
[0.05,0.1]

[0.7,0.8],
[0.2,0.3],
[0.1,0.2]

[0.1,0.2]

[0.7,0.8],
M, | [0.05,0.1],

[0.05,0.1]

[0.7,0.8],
M, | [0.05,0.1],

|
|

’(

[0.8,0.9],
B,| [0.05,0.1],

[0.6,0.7],
B,| [0.05,0.1],

[0.5,0.6],
[0.3,0.4],
[0.1,0.2]

070&
[0.2,0.3],
oosou

m708
[0102

m708
[0.05,0.1],
m0501

)
)
)

[0.5,0.6],
[0.05,0.1],
[0.2,0.3]

[0.8,0.9],
[0.05,0.1],
[0.05,0.1]

[0.05,0.1]

[0.2,0.3]

|
|

NFS, ([0 05,0.1],

NFS,

NFS,

NFS, <[O 05,0.1],

NFS,

NFS,

[0.1,0.2],
NFs, | [0.2,0.3],
[0.7,0.8]

[0.5,0.6],
NFs, | [0.2,0.3],
[0.3,0.4]

0.6,0.7],

[0.2,0.3]

010n
osoa
[0.7,0.8]
0.5,0.6],
[0.2,0.3]
<m304>

0.8,0.9],

[0.1,0.2]

020ﬂ
050@
[0102

[070&
m203]
oosou
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[ m506 010ﬂ m203
m203 BM,| [0.2,0.3], [0.5,0.6
0304] <m708 <010m

[0.8,0.9], [0.8,0.9], 0.8,0.9],
[0.05,0.1], BM, [ [0.05,0.1] [0.05,0.1
(mosou <00501> <m0501
[D3]4><4 =
[0.7,0.8], [0.8,0.9], 0.8,0.9],
( <[0203], (BM(OIOZ )) < ([00501
[0.1,0.2] [0.05,0.1] [0.05,0.1]
[0.2,0.3], [0.8,0.9] 0.6,0.7],
[0.2,0.3], BM, [ [0.05,0.1] [0.05,0.1],
<m607] ( 0102]) ([0203
[0.8,0.9], [0.8,0.9], 0708
m0501 BM, [ [0.05,0.1], [0.1,0.2],
[0.05,0.1] [0.1,0.2] moso
S(m708 m70m m506
[0.1,0.2], BM,| [0.1,0.2], [0203
00501D [00501 [0.3,0.4]
[D*]4xs =
070& [0.7,0.8] 0.8,0.9],
[0.05,0.1], 00501 [0.05,0.1]

( [0.05,0.1] ) ( 0102])) < (00501

080% 0203 0.7,0.8],
m0501 [0.2,0.3], [0.2,0.3],
[0.1,0.2] 0607] <m102

Importance of selected attributes by each decision maker is given as

[0.8,0.9],
[0.1,0.2],
[0.05,0.1]

i
-
-
-

[0.7,0.8],
[0.05,0.1]
[0.05,0.1]

[0.4,0.5]
[0.1,0.2]
[0.3,0.4]

[0.8,0.9]
[0.05,0.1]
[0.05,0.1]

) (-
) -
)
) (-

[0.6,0.7]
[0.1,0.2]
[0.1,0.2]

[0.5,0.6]
[0.2,0.3]
[0.3,0.4]

[0.7,0.8],
[0.05,0.1],
[0.05,0.1]

[0.8,0.9],
[0.1,0.2],
[0.05,0.1]

) 0
) ¢
)
)

[0.7,0.8],
[0.05,0.1]
[0.05,0.1]

[0.4,0.5],
[0.1,0.2]
0.3,0.4

[0.8,0.9],
[0.05,0.1]
[0.05,0.1]

]
)
J
|

[0.8,0.9],
[0.1,0.2],
[0.05,0.1]

Step 1: Determine the Weight of Decision Makers

\_/\_/

)

(NFS
<NFS
(NFS
(NFS
<NFS
<NFS

<NFS
NFS, <
NFS, <
NFS, <

[020ﬂ
[0.5,0.6],
[0.1,0.2]

[0708
[0.2,0.3]
[0.05,0.1

)
)
)

)
)
)

010a
[0.2,0.3],
[0.7,0.8]

osoa
[0.2,0.3],
[0.3,0.4]

[0203
[0.5,0.6]
[0.1,0.2

070&
[0.2,0.3],
[0.1,0.2]

(i
{

050@
[0.2,0.3],
[0.4,0.5]

[0.2,0.3],
[0.5,0.6]
[0.1,0.2]

[0.8,0.9],
[0.05,0.1],
[0.05,0.1]

)
)
)
)

060ﬂ
[0.1,0.2],
0.1,0.2]

[0.8,0.9],
[0.05,0.1],
[0.1,0.2]

[0.6,0.7],
0.05,0.1],
[0.2,0.3]

To find the ideal matrix we will average all the individual decision matrix D', D?, D*, D*using

m

)
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TE? (ul)’ ﬁig (ul)’ ﬁi‘f (ul)
TE% (U'Z)’ ﬁi‘f (uZ)l ﬁ]}f (u2)

T (), Ty ), Fp )

[Azj]ax{r _ T[le: (uy), H[le: Fuz), ]F]Lg (uy)
Tig (), ﬁ{g (Uge), E*Lg (ua) Tig (ua), ﬁi’; (up), ﬁizz; (us)

where

/T;;‘ = (TTL;& (uy), E*L;& (u), E]t;a (W))

1- H (1 - (u1)>1

fori=123..a,;=123,..6,£=a,b,c, ..

By averaging all decision matrices, we get

[$°]

[ [0.6443,0.7700], [0.5880,0. 7264
S,| [0.1189,0.2060], [0.1189,0.2060],

[0.2060,0.2300] [0.2141,0.3253]

[0.7289,0.8318], [0.6920,0.800],
S, [0.1,0.1861], [0.1,0.1861],
]

/\/\

[0.0595,0.1189] [0.1507,0.1861
[0.6127,0.7172], [0.7289,,0.8318],

S,| [0.1,0.1732], [0.0595,0.1189],
[0.1316,0.2213] [0.1107,0.1682]
[0.7172,0.8373], [0.6870,0.8066],
S,| [0.0707,0.1316], BM,| [0.0707,0.1316],

[0.1316,0.2300] [0.1107,0.1934]

) -
S
(

/\/\

One calculation is provided for the convenience of reader
fori=1,j=1L,4=a=1

[0.5051,0. 6131
[0.1655,0.2632],
[0.1,0.1861]

[0.7217,0. 8318
[0.1,0.1732],
[0.0783,0. 1414

[0.7787,0.8811],
[0.0595,0.1189],
[0.05,0.100]

[0.6536,0.7551],
[0.0707,0.1316],
[0.1189,0.2060]

TE@ (u), ﬁig (uy), ﬁig (uy)
’]=I"]]:§V (uz), ﬁﬂ*@ (uz), ﬁﬂiﬁ (uZ)

TE‘%& (ua); ﬁ’]](é, (ua): ﬁﬂiﬁ (ua)

ﬁ (1 - T’f%(ui))? ,

x=1

\l]—[ (u» ]_[ (u» HH (u»

ﬁ (Fi}imi)f /

zand a=1,b=3,c=2,d=2

[0.3273,0.4336],
NFS,[ [0.2812,0.3834],

[0.1189,0.2213]

[0.2515,0.3568],

[0.2455,0.3494],
NFS
[0.3482,0.4757]

~//

[0.6838,0.800],
NFS, [0.1,0.1732],

[0.1456,0.2378]

.

[06052,0.7172],
NFS,| [0.2515,0.3568],
[0.1150,0.200]

)

)
)

\/I

|

v\_/
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5= (TG0 Ty (o), Fiy (o)
(1 — (1 — ’]I‘ﬂ(sﬂ)
\1 - (1 - Tﬁ(gl))

S
e

(1 —'Ei%(sl))%(l-—'Ei%(al))%.w

<1 — T3}](51))% (1 - Tﬁ?(sﬂ) /

e

S
e

(1-724e)
(

1- T2 (s))

- <““1“H¥(“1))% (“ﬂ‘(él))% (i “(59) ( Ii%(sa)%,
) () ) )

R
ST

(]Fﬁ(ﬁﬂ)% ;\‘
(i)’

IFH{%(«))% (F2hesn)' (FrCon)

(
(k23 (25 ) (2500

Ll

(1 — (1 - 0.8)3(1 — 0.2)3(1 — 0.5)7(1 — 0.8)%)
1— (1= 09)i(1 - 0.3)3(1 — 0.6)5(1 — 0.9)7/
_ ((0.1)%(0.2)%(0.2)%(0.05)%,>
(0.2)3(0.3)3(0.3)3(0.1)3
((0.2)%(0.6)%(0.3)%(0.05)%)
(0.1)3(0.7)4(0.4)%(0.1)
51, = ([0.6443,0.7700], [0.1189,0.2060], [0.2060,0.2300])

To determine the weights of the decision makers, first we will find the similarity measure between

each decision matrix D', D?, D3, D*and the ideal matrix §* using

S(A%, A) =1 ——ZZ(T

R - 1R )|+

Hi} (u;) — HE];I} (uy)

)

TE}J (uy) — TE}JL (u)| +

E}e (uy) — TE;L{L (u)| +

Fifu) — Fiu)

Frb(u) = Fyiug)| +

So,
S(8,8*) = 0.8774,
$(82%,8%) = 0.9133,
$(83,8*) = 0.8834,
$(§%,8*) = 0.9101
Now we calculate the weight A* for (x = 1,2,3,4) of each decision makers using
S(Ay, Ay,
k=1 S(A%, A7)

B 0.8774 _ 02448
~ (0.8774 + 0.9133 + 0.8834 + 0.9101)

1
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. 0.9133

~ (0.8774 +0.9133 + 0.8834 + 0.9101)
- 0.8834

~ (0.8774 4+ 0.9133 + 0.8834 + 0.9101)
4 0.9101

~ (0.8774 4+ 0.9133 + 0.8834 + 0.9101)
Where 0 < A* <1 and Y, A" = 1.
Step 2: Aggregate Neutrosophic Hypersoft Decision Matrices

= 0.2548

= 0.2465

= 0.2539

Now we construct an aggregated neutrosophic hypersoft decision matrix to obtain one group

decision. Aggregated neutrosophic hypersoft decision matrix is denoted as /Tﬁ and it is given as

]Lb (ul)

Tpo (), Tug (o), Fra(u)  Tpp(u), Tpp(wy),
T ]Lb(uZ)

I F
| Tagua) Tug(u), Frg (o) - Typ(up), Ty (wo), F

[/L;j]a,x{r . .
T]L‘f (ua,)' ﬁ]L‘f (ua)' ﬁ]l“f (ua) ’T‘]le? (ua): ﬁ]LIZ’ (ua,)x ﬁll‘g (ua,)
The elements of /Tijin the matrix [Zif]ax s is calculated as

[Z’ij]a,xly

t A*
SR

t AX t A*
- 1_[ (1 - ”ﬂ‘i}i(w)) l , [1_[ <11$5§ (w)) )

xX= x=1 x=1

Where i =1,23..a,7=123,..6andx =12,..t.

Tyz (u), Tz (w,), Fyz (uy)
Tuz (u), Tz (up), Fiz (w)

Tiz (o), Tiz (ug), Fiz (uy)

t AX
k(ui) Hl_[ IFXE%(u» ﬂ(ﬂ?i}i(u») D

After calculations, the aggregated neutrosophic hypersoft decision matrices is

[$]
[ [0.6431,0.7691], [0.5932,0.7303], [0.5069,0.6146], [0.3249,0.4322],
S,| [0.1187,0.2057], BM,| [0.1179,0.2051], [0.1631,0. 2606 [0.2846,0. 3854
[0.2055,0.2309] [0.2099,0.3212] [0.1007,0. 1862 0.1185,0.2211]

[0.7285,0.8313],
S,| [0.0999,0.1864],

[0.6924,0.7998],
BM,| [0.1006,0.1870],
[0.0592,0.1187] [0.1048,0.1857]

[0.1315,0.2215] [0.0843,0.1687]

[0.6847,0.8051],
M, [0.0711,0.1319], B,

[0.1115,0.1937]

[0.0704,0.1310],
[0.1313,0.2293]

[0.6128,0.7168],
S,{ [0.1002,0.1733],

([0 .7185,0.8386],
S,

One calculation is provided for the convenience of reader
fori=1,j=1,4=a=1

[0.7213,0.8316],
[0.0998,0.1731],
[0.0788,0.1419]

[0.7285,0.8318], [0.7791,0.8813],
BM,| [0.0593,0.1186], [0.0592,0.1187],
[0.0500,0.100]

[0.6535,0.7550],
[0.0711,0.1319],
[0.1195,0.2065]

[0.6074,0.7183],

NFS, (
NFS,| [0.2503, 0. 3560
[0.1138,0.1991]
[0.2436,0.3482],
NFS,
(NFS (

[0.2524,0.3573],
[0.3471,0. 4752

[0.6834,0.7998],
[0.1002,0. 1733
0.1455,0.2376]

)
)
)
)
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)

(<1 ~(1-me0)” (1-1200)” (1 18500)” (1 Tﬁ(sl)>A4) \
N N A
(o)’ (it (Hn(él» 0 z%@)“,\
\(H%ﬁ?(él))Al (1 (51)) (H (51)) (ﬁ](ﬁl))ﬂ /

( (miee0)” (stien)” (Rijeo0)” (Fgg(ﬁﬂ)“,\

\( (/51)) ( (51)) ( (51)>3 <]F$(51)>A4 /

(1 — (1 — 0.8)0'2448(1 _ 0_2)0.254—8(1 _ 0_5)0.24—65(1 _ 0.8)0'2539,)
1— (1 _ 0.9)0.24-4-8(1 _ 0.3)0.2548(1 _ 0.6)0'2465(1 _ 0.9)0,2539 )
= (0_1)0.2448(0_2)0.2548(0.2)0.2465(0.05)0.2539'

= ( (0.2)0.2448(0_3)0.2548(0_3)0.2465(0.1)0.2539 )
(0_2)0.2448(0_6)0.2548(0.3)0.2465(0.05)0.2539'
( (0.1)0.2448(0'7)0.2548(0'4)0.2465(0.1)0.2539 )

S11 = ([0.6431,0.7691], [0.1187,0.2057], [0.2057, 0.2309])
Step 3: Determine the weight of attributes

Weight W/ of attributes Lj,j=12 ... is calculated using

w = (le' ﬁle' EJ‘)

=<1‘Q(1—Tﬁ)“.1
[J0-m | ITes T LT e L)

xX=

To calculate the weight of attributes, we use importance of selected attributes by each decision

maker

[0.8,0.9], [0.6,0.7], [0.7,0.8], [0.5,0.6],
D! — 5,([0.1,0.2],) BM,<[0.1,0.2],> B,<[0.05,0.1],> NFS,<[0.2,0.3],>
[0.05,0.1] [0.1,0.2] [0.05,0.1] [0.4,0.5]
[0.7,0.8], [0.5,0.6], [0.4,0.5], [0.6,0.7],
D? — 5,([0.05,0.1],) BM,<[0.2,0.3],> B,<[0.1,0.2],> NFS,<[0.1,0.2],>
[0.05,0.1] [0.3,0.4] [0.3,0.4] [0.1,0.2]

[0.4,0.5], [0.7,0.8], [0.8,0.9], [0.8,0.9],
D3 — | s, [0.1,0.2], BM, | [0.05,0.1], B,| [0.05,0.1], NFS, | [0.05,0.1],
[0.3,0.4] [0.05,0.1] [0.05,0.1] [0.1,0.2]
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[0.8,0.9], [0.8,0.9], [0.8,0.9], [0.6,0.7],
D* — | S,{ [0.05,0.1], BM,| [0.1,0.2], B,| [0.1,0.2], NFS, | [0.05,0.1],
[0.05,0.1] [0.05,0.1] [0.05,0.1] [0.2,0.3]

Using this importance of attributes, we get
w! = ([0.7092,0.8228], [0.0703,0.1407], [0.0778,0.1406])
w? = ([0.6692,0.7785], [0.1006, 0.1870], [0.0935, 0.1424])
w3 = ([0.7078,0.8212],[0.0711, 0.1421], [0.0789,0.1424])
w* = ([0.6439,0.7542], [0.0838,0.1565], [0.1674, 0.2778])
One calculation is provided for the convenience of reader

for j=1

)

( (1 S(-men)” (1-Tien)” (1- )" (1- Tﬁ[f(él))A4),
\(1 S(-me)” (1-1en)” (1-Te)) (1- Tﬂ’(él))A4> )
wi = () (Been)” (2s)” (hesn)”
(1) (29s) " (106s0)” (1)
(Fireen)” (o) (Fiteen)” (Fiken)”
(FoCs)” (o) (RoGsn)” (FE¥Cen)”

1— (1 _ 0.8)0'2448(1 _ 0_7)0.2548(1 _ 0_4)0.24—65(1 _ 0.8)0'2539,
(1 _ (1 _ 0_9)0.2448(1 _ 0.8)0'2548(1 _ 0_5)0.24—65(1 _ 0_9)0.2539) 4
1 (0_1)0.2448(0_05)0.2548(0_1)0.2465 (0_05)0.2539,
W= ( (0_2)0.24—48(0_1)0.2548(0_2)0.2465 (0_1)0.2539 )
(0_05)0.244—8(0_05)0.2548(0_3)0.24—65(0_05)0.2539’
( (0.1)0.2448(0.1)0.2548(0.4)0.2465(0'1)0.2539 )

w! = ([0.7092,0.8228],[0.0703,0.1407],[0.0778,0.1406])

Step 4: Calculate the weighted aggregated decision matrix
After finding the weight of individual attributes, we apply these weights to each row of aggregated

decision matrix using
AN (Tff(ui),ﬁff(ui), ﬁ;’;(ui))
= ([T ) Ty, T e TV | 10 ) + T = T (). T 1Y )
I~ 1 ). H“[Lj] , [FLL;L () + Fly = Fhyp (). By BV () + Y
- [F[U]L;‘a(uﬁ- IF[U]L]-])

And we get a weighted aggregated decision matrix as
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[5]
[ [0.4562,0.6328],

s, [0.1807,0.3175], BM,
[0.2675,0.3390]
[0.5167,0.6840],

S, BM,
[0.1324,0.2426]

[0.4347,0.5898],
s,| [0.1635,0.2896], BM,
[0.1991,0.331]

[0.5096, 0.69], [0.4582,0.6268], [0.4626,0.62],
s,{ [0.1358,0.2533], BM,| [0.1645,0.2942], B,| [0.1371,0.2551]
[0.1989,0.3377] [0.1946,0.3085] [0.1882,0.3195]

One calculation is provided for the convenience of reader
fori=1,j=1,4=a=1

[0.2226, 0.3657], NFS,

[0.2838,0.4179]

[0.4634,0.6226],
[0.1911, 0.3390],

[0.3960, 0.5685], [0.3588,0.5047],
[0.2066,0.3537], B
[0.1703,0.3021]

—
/_

[0.2092,0.326], \ \ |
[ 0.3446,0.4816],
[0.2661,0.4375]

[0.3911,0.5417],
[0.3131,0.4568

],
[0.2622,0.4216]

[0.1569,0.2626],
[0.3150,0.4579],
[0.4564,0.621]

]
[0.1632,0.3009], [0.1638,0.2906] NFS,

//

[ 0.1885,0.3017]

(B
[0.4875,0.6476],
[0.1539,0.2834], B

[0.1699,0.2871]

[0.1507,0.2641]

[0.1261,0.2439]
[0.1241,0.2282]

NFS,

<[0.5106,0.6829 ,

[0.4400, 0.6032],
[0.1756,0.3027],
[ 0.2885,0.4494]

NFS,

[0.5515,0.7237],>

— ~ .

P e

A (LERORE S STORE S B [(ERTCRES EHES ERTCHR L R (ERTCH RS £
= 1% ) 1V ) || (P ) + Foy, = P (u). Py ), (P () + PV,
— FYy1 (wy). [F%l)])
S = (((0.6431)(0 .7092),(0.7691)(0.8228)), ((0.1187 +0.0703 — (0.1187)(0.0703)), (0.2057
+0.1407 — (0.2057)(0.1407))) , ((0.2057 +0.0778 — (0.2057)(0.0778)), (0.2309

+0.1406 — (0.2309)(0.1406))))

5% = ([0.4562,0.6328],[ 0.1807, 0.3175], [0.2675, 0.3390])

Step 5: Determine the ideal solution

Since we are dealing with benefit type (C,;) attributes so Neutrosophic hypersoft positive ideal

solution is calculated using

O P = + = *
7 =< (]f;fa (uy), (]f;fa (uy), F(]f;]é (W))

= [miax {T]Lﬁf (ui)} , max {']TUE);L (ui)}], [miin {H‘L;’f (ui)} , miin {HME);L (ui)} ] , [miin {IF]LE);L (ui)} ) miin {]FU& (ui)} ] JJ

w+

[0.5167,0.69], [0.4875,0.6476], [0.5515,0.7237], [0.4400,0.6032],
=1| S,| [0.1358,0.2533], BM, | [ 0.1539,0.2834], B,[ [0.1261,0.3439], NFS, | [0.1756,0.3027],

[0.1324,0.2426] [0.1699,0.2871] [0.1507,0.2282] [0.2622,0.4216]

L

One calculation is provided for the convenience of reader
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fori=1234, j=1,£=a=1

. (max{0.4562,0.5167,0.4347,0.5096}, max{0.6328, 0.6840, 0.5898, 0.69}),
59" = [ min{0.1807,0.1632,0.1635,0.1358}, min{0.3175,0.3009, 0.2896, 0.2533}),
(min{0.2675,0.1324,0.1991, 0.1989}, min{0.3390, 0.2426, 0.331, 0.3377})

§¢" = (5,([0.5167,0.69], [0.1358,0.2533], [0.1324, 0.2426]))
Similarly, neutrosophic hypersoft negative ideal solution is given as

=;)_ = (TE’;_(UQ, ﬁ;’f_(ui), ﬁ(]]t)f_(ud;))

= [miin {T]L;);L (ui)} , miin {’J]"U;)f (ui)}], [ml;ax {H‘Lff (ui)} , max {HU%@ (ui)} ] , [miax {IFIL;);L (ui)} , max {IFUH“J);L (ui)} ] J

€C,

w

[0.4347,0.5898], [0.3960,0.5685], [0.3588,0.5047], [0.1569,0.2626],
=1{ S, [0.1807,0.3175], BM,| [0.2066,0.3537], B,[ [0.2226,0.3657], NFS,| [0.3446,0.4816],

[0.2675,0.3390] [0.2838,0.4179] [0.1882,0.3195] [0.4564,0.621]

L

One calculation is provided for the convenience of reader
for i=1234 j=1k=a=1

i (min{0.4562,0.5167,0.4347,0.5096}, min{0.6328, 0.6840, 0.5898, 0.69}),
597 = | (max{0.1807,0.1632,0.1635,0.1358}, max{0.3175, 0.3009, 0.2896, 0.2533}) ,
(max{0.2675,0.1324,0.1991, 0.1989}, max{0.3390, 0.2426,0.331,0.3377} )

5@ = (5,([0.4347,0.5898], [0.1807,0.3175],[0.2675, 0.3390]))

Step 6: Calculate the distance measure
Now we will find the normalized hamming distance between the alternatives and positive ideal

solution using

i = =+ 1 + +
D (Ag, A7) = 2o ([T ) = T )| + [TV (e = T )| + 1 o) —
w + + + +
I8 Q)| + [P0 o) = 13" )| + | Fau) = U )|+ | FULa () = FU3 (o))
We get,

D' (52,57 = 0.1081
D%+ (8, 8°7) = 0.0361
D3+ (8%, 8¢7) = 0.0723
D**(5¢,8°") = 0.0283

One calculation is provided for the convenience of reader

for i =1and

When j=1= £=a=1,

When j=2> £=b=3,

When j=3= £=c=2,

When j=4> £=d=2,
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1

1+(3w Sty _ _—
D* (8¢, S )_6(4)

13) w*t 13) wt
+ |TU]L% (81) — TU]L% + | ]I]L]L%(él) — H]L]L%

)

(o0 -mif

+ | ]I[U]L% (81) — ]I[U]L% + | IFH‘]L% (81) — IFH‘]L% + | [F[U]L% (81) — IF[UH‘%

13) wt 13) w*t 13) w*t
+ (|T]L]L% (81) — T]L]L% + |TIU]L% (81) — T[U]L% + | H]l‘ng (81) — H]l‘ng

13) w* 13) wt 13) w*t
+ | ]Iluné (81) — ]Iluné + | ]F]L]L% (81) — IF]L]L% ) + | ]FUH‘g (81) — ]FU]L%

+ + +
+ (|T]LE)§ (81) — ']I']L(u‘ug + |TUE‘O§ (81) — Tmﬁg + | HH‘% (81) — HH‘%

+ | ]I[UH% (81) — ]I[UH% + | [FH‘H% (81) — IFH‘Hé ) + | [F[U]Lg (81) — [F[UH%

%) wt %) wt 13) wt
+ (|TH‘]L‘21(51) - ']I‘]L]leI + |']I‘[U]lel(51) - ']I‘[U]leI + | H]L]L?}(‘Sl) - H]L]L?}

w wt w wt w wt
+ |1V Co) — V53 | + | FH5 o) — FU5 [) + | PV Ce0) — FU3

)

- 1
D*(5¢, 597 = ﬁ((|0.4562 —0.1358] + | 0.1807 — 0.1358] + |0.2675 — 0.1324 |)

+ (10.6328 — 0.69] + [0.69 — 0.2533 | + |0.3390 — 0.2426 |)

+ (10.3960 — 0.4875]| + |0.2066 — 0.1539 | + |0.2838 — 0.1699 |)
+ (]0.5685 — 0.6476| + | 0.3537 — 0.2834| + [0.4179 — 0.2871 |)
+ (]0.3588 — 0.5515]| + |0.2226 — 0.1261 | + |0.1703 — 0.1507 |)
+ (10.5047 — 0.7237] + |0.3657 — 0.2439 | + | 0.3021 — 0.2282])
+ (]0.2092 — 0.4400| + | 0.3446 — 0.1756| + |0.2661 — 0.2622|)
+(10.326 — 0.6032| + | 0.4816 — 0.3027| + | 0.4375 — 0.4216]))

D' (52,57 = 0.1081
Similarly, we will find the normalized hamming distance between the alternatives and negative

ideal solution using

TV )~ T )

+ |Hl§ﬁ(u¢) - Hlﬁﬁ_(ui)
g g

&
= = 1 -
D (A%, A7) = o5 > ([T — T ()
j=1

+ |HU;)*?(U¢) - ]IU;){L_(ui)
7 G

+ | o) — P )
7 7

| PR — P (o)

)

We get,
D~ (§,897) = 0.0183
D% (8§¢,5°7) = 0.1023
D3 (8§¢,5°7) = 0.0679
D*(5¢,5“7) = 0.0968

One calculation is provided for the convenience of reader
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fori=1

= = _ 1 -
D(51,57) = gy (I - 133

w w”
+ |TU]L%(51) - TU]L%

w [
+ | ]I]LH (81) — ]I]LH

)

w w™
+ | ]I[U]L%(él) - HU]L%

w W™
+ | IF]L]L%(él) - [FH‘H&

w W™
+ | IF[UH&(/Sl) - [F[UIL%

+ (|']I‘H‘E)g (81) — ']I‘]l‘(]fg_

w w”~
+ |TUL3 (81) — ']I'[U]lg

w w™
+ | HH‘]Lg (81) — Hﬂ‘lg

w w~
+ | ]I[U]Lg (81) — HU]Lg

w W™
+ | IF]Lng(‘Sl) - [F]L]Lg

)+ [FipGe0 - B

+ (|T]LE)§ (81) — ']I'H“(fg_

w w”
+ |TU]L§ (81) — ']I'Ulg

w W~
+ | H]L]L% (81) — Hﬂ“lg

w w™
+ |1 ) — 1V

w w™
+ | P13 Cs0) — FU

)+ e - Fp

+ ([T -

w w”™
+ [TV (e — TV

w [
+| 1) - 1

w w~
+ | ]I[U]Lﬁ(él) - HUH&

w w”
+ | IF]L]L;I(51) - [F]L]L?}

)+ FU G0 — BV

)

|
D (52,5%7) = —((]0.4562 — 0.4347| + | 0.1807 — 0.1807| + |0.2675 — 0.2675 |)
24

+(]0.6328 — 0.5898| + | 0.3175 — 0.3175] + [0.3390 — 0.3390 |)
+ (]0.3960 — 0.3960] + [0.2066 — 0.2066 | + [0.2838 — 0.2838 |)
+(]0.5685 — 0.5685] + 0.3537 — 0.3537 | +0.4179 — 0.4179 |)
+(]0.3588 — 0.3588] + 0.2226 — 0.2226 | + |0.1703 — 0.1882 |)
+ (]0.5047 — 0.5047| + 0.3657 — 0.3657 | + [0.3021 — 0.3195 |)
+(]0.2092 — 0.1569| + | 0.3446 — 0.3446| + |0.2661 — 0.4564|)
+(]0.326 — 0.2626| + | 0.4816 — 0.4816 + |0.4375 — 0.621 |))
D'~ (§2,897) = 0.0183
Step 7: Calculate the relative closeness co-efficient

Now we will calculate relative closeness index using

i DTG ET) (A Ay

max{D‘~(4%,4¢7)}  min{Di+(4%, A2"))
We get,

_0.0183  0.1081

1 _ —
RC = 0.1023 0.0283 3.64
, 01023 0.0361 027
7 0.1023 0.0283
, 00629 0.0723
= =-1.93

T 0.1023  0.0283




Theory and Application of Hypersoft Set 134

00968 0.0283 0.05
T 0.1023 0.0283

4

Since we know that our set of four selected proposal is {R? R* R°,R®} for i=1,234
respectively. So, we rank the selected alternatives (shown in Figure: 3) according to the descending
order of relative closeness index as;

R® > R* > R® > R?

ALTERNATIVES RELATIVES CLOSENESS COEFFICIENT
MEASUREMENT

R2 R4 R5 R6

-0.05
-0.27

-1.93

4 -3.64

Figure: 3 Alternatives relative closeness coefficient measurement and ranking
This show that R is the best proposal.
Result Comparison
The proposed Algorithm is compared with the existing interval valued techniques which are widely
used in decision-making problems and results are presented in Table: 1 listing the ranking of top

four alternatives and optimal alternative.

Methods Ranking of alternatives Best alternative
I. Deli [39] R® > R* > R®> > R? R®
S. Alkhazaleh [40] R® > R®> > R* > R? R®
Riaz et al. (Proposed TOPSIS) R® > R* > R®> > R? R®

Table 1: Comparison analysis of final ranking with existing methods

6. Conclusion

In this chapter, TOPSIS technique has been proposed for interval valued neutrosophic
hypersoft set IVNHSS by using generalized weighted similarity measure and distance measures for
both IVNHSS and IVNHSM and the implementation is shown by letting a case study of life partner
section. Also, chapter consists of the definitions of IVNHSM, generalized weighted similarity
measures for interval valued neutrosophic hypersoft set and interval valued neutrosophic
hypersoft matrix. In this process, decision makers’ opinions are consolidated initially. Further, we

construct ideal matrix to find the weight of decision makers using the concept of interval valued
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similarity measure. Afterwards, we compute a group opinion by accumulating all discrete opinions.
We also gauge the weights of selected attributes to find the interval valued neutrosophic hypersoft
“positive ideal” and interval valued neutrosophic hypersoft ‘negative ideal’. Interval valued having
distance measure is employed to compute the distance of alternatives from positive ideal and
negative ideal. Thereafter, we rank the alternatives on the basis of relative closeness index.

o This proposed TOPSIS technique with interval valued neutrosophic hypersoft set
IVNHSS cannot be compared because no work is present in this direction.

o It has immense chances for multi criteria decision making issues in several fields
like HR selection, supplier determination, manufacturing frameworks, and
various other areas of management frameworks.

o Inenlargement, the proposed TOPSIS approach can be augmented in various
directions to involve wide range of decision-making issues in several interval
valued neutrosophic hypersoft conditions.

In future, we propose matrix operations, theorems and propositions for interval valued
neutrosophic hypersoft set along with algorithms and also the aggregate operators for
IVNHSS.

References
[1] Opricovic, S., Tzeng, G.H. (2004). Compromise solution by MCDM methods: a comparative
analysis of VIKOR and TOPSIS. European Journal of Operational Research, 156, 445-455.
[2] Saaty, T.L. (1980). The Analytic Hierarchy Process. McGraw-Hill, New York.
[3] Hwang, CL. Yoon, K. (1981). Multiple attribute decision making, methods and
applications. Springer, New York.
[4] Behzadian, M., Khanmohammadi Otaghsara, S., Yazdani, M., Ignatius, J. (2012). A state-of
the-art survey of TOPSIS applications. Expert System and Applications, 39, 13051-13069.
Zadeh, L.A. (1965). Fuzzy sets. Information Control, 8, 338-353.

—_ —
NSNS

Chen, S.J., Hwang, C.L. (1992). Fuzzy multiple attribute decision making. Springer.

—
X

Kahraman, C., Onar, S.C., Oztaysi, B. (2015). Fuzzy multicriteria decision-making: a

literature review. International Journal of Computer and Intelligent System, 8(4), 637-666.

[8] Pramanik, S., Mondal, K. (2015). Weighted fuzzy similarity measure based on tangent
function and its application to medical diagnosis. International Journal of Innovation Research
in Scientific Engineering and Technology, 4(2), 158-164.

[9] Kahraman, C., Suder, A., Bekar, E. T. (2015). Fuzzy multi-attribute consumer choice among
health insurance options. Technol. Econ. Dev. Econ. https://doi.org/10.3846/20294913.2014.
984252

[10] Atanassov, K. (1986). Intuitionistic fuzzy sets. Fuzzy Sets System, 20, 87-96.

[11]Wei, G.W., Cao, H.B. (2008). Generalizing TOPSIS method for multiple attribute decision

making in intuitionistic fuzzy setting. Information Computing and Automation, 1427-1430.




Theory and Application of Hypersoft Set 136

[12]Xu, Z., Zhao, N. (2016). Information fusion for intuitionistic fuzzy decision making: An
overview. Information Fusion, 28, 10-23.

[13]Mondal, K., Pramanik, S. (2015). Intuitionistic fuzzy similarity measure based on tangent
function and its application to multi-attribute decision making. Global Journal of Advance
Research, 2(2), 464-471.

[14] Pramanik, S., Mukhopadhyaya, D. (2011). Grey relational analysis based intuitionistic
fuzzy multi criteria group decision-making approach for teacher selection in higher
education. International Journal of Computer and Applications, 34(10), 21-29.

[15]Mondal, K., Pramanik, S. (2014). Intuitionistic fuzzy multi-criteria group decision making
approach to quality-brick selection problem. Journal of Applied Quantitative Methods, 9(2),
35-50.

[16]Dey, P.P., Pramanik, S. Giri, B.C. (2015). Multi-criteria group decision making in
intuitionistic fuzzy environment based on grey relational analysis for weaver selection in
Khadi institution, Journal of Applied Quantitative Methods, 10(4), 1-14.

[17] E. Smarandache, (2005). Neutrosophic set, a generalization of the intuitionistic fuzzy sets,
International Journal of Pure and Applied Mathematics, 24, 287-297.

[18] D. Molodtsov, (1999). Soft set theory - First results, Computers and mathematics with
applications, 37, 19-31.

[19] P.K. Maji, A.R. Roy, R. Biswas, (2002). An application of soft sets in a decision-making
problem, Computers and mathematics with applications, 44, 1077-1083.

[20] P.K. Maji, A.R. Roy, R. Biswas, (2003). Soft set theory, Computers and mathematics with
applications, 45, 555-562.

[21] M.L. Alj, F. Feng, X. Liu, W.K. Min, (2009). On some new operations in soft set theory,
Computers and mathematics with applications, 57(9), 1547-1553.

[22] N. Cagman, S. Enginoglu, (2010). Soft matrix theory and its decision making, Computers
and mathematics with applications, 59, 3308-3314.

[23] N. Cagman, S. Enginoglu, (2010). Soft set theory and un-int decision making, European
Journal of Operational Research, 207, 848-855.

[24] Z. Pawlak, (1982). Rough sets, International Journal of Computer Science and Information
Technology, 11, 341-356.

[25] Tripathy B.K., Arun K.R. (2015). A new approach to soft sets, soft multisets and their
properties, International Journal of Reasoning-based Intelligent Systems, 7(3/4), 244-253.

[26] P. K. Maji, (2013). Neutrosophic soft set. Annals of Fuzzy Mathematics and Informatics, 5 (1),
157-168.

[27] F. Smarandache, (2018). Extension of Soft Set to Hypersoft Set, and then to Plithogenic
Hypersoft Set, Neutrosophic sets and system, 22, 168-170.

[28] Saqlain M, Sana M, Jafar N, Saeed. M, Smarandache, F. (2020). Aggregate Operators of
Neutrosophic Hypersoft Sets, Neutrosophic Sets and Systems, 32, 294-306.




Theory and Application of Hypersoft Set 137

[29] Chi, P., Liu, P. (2013). An extended TOPSIS method for the multi-attribute decision
making problems on interval neutrosophic set. Neutrosophic Sets System, 1, 63-70.

[30] Zhang, Z., Wu, C. (2014). A novel method for single-valued neutrosophic multi-criteria
decision making with incomplete weight information, Neutrosophic Sets System, 4, 35-49.

[31] Biswas, P., Pramanik, S., Giri, B.C. (2016). TOPSIS method for multi-attribute group
decision-making under single-valued neutrosophic environment. Neural Computing &
Applications, 27, 727-737.

[32] Sahin, R., Yigider, M. (2016). A multi-criteria neutrosophic group decision making
method based TOPSIS for supplier selection. Applied Mathematics & Information Sciences,
10(5), 1843-1852.

[33] Broumi, S., Ye, J., Smarandache, F. (2015). An Extended TOPSIS method for multiple
attribute decision making based on interval neutrosophic uncertain linguistic variables.

Neutrosophic Sets System, 8, 22-31.

[34]Saqglain M, Saeed M, Ahmad M. R, Smarandache F, (2019). Generalization of TOPSIS for
Neutrosophic Hypersoft set using Accuracy Function and its Application, Neutrosophic
Sets and Systems (NSS), 27, 131-137.

[35]S. Eraslan and F. Karaasalan, (2015), A group decision making method based on TOPSIS
under fuzzy soft environment, Journal of New Theory, 3,30-40.

[36]Saqlain M, Sana M, Jafar N, Saeed. M, Said. B, (2020). Single and Multi-valued
Neutrosophic Hypersoft set and Tangent Similarity Measure of Single valued
Neutrosophic Hypersoft Sets, Neutrosophic Sets and Systems, 32, 317-329.

[37]Saqglain M, Xin L X. (2020), Interval Valued, m-Polar and m-Polar Interval Valued
Neutrosophic Hypersoft Sets, Neutrosophic Sets and Systems (NSS), 36, 389-399.

[38]Saglain M, Saeed. M, Zulqarnain M R, Sana M, (2021) Neutrosophic Hyper soft Matrix
Theory: Its Definition, Operators and Application in Decision-Making of Personnel
Selection Problem, Neutrosophic Operational Research, Springer, 10.1007/978-3-030-57197-9

[39]1. Deli, Interval-valued neutrosophic soft sets and its decision making, International Journal
of Machine Learning and Cybernetics, DOI: 10.1007/s13042-015-0461-3.

[40]S. Alkhazaleh, (2016) N-valued refined neutrosophic soft set theory, Journal of Intelligent
and Fuzzy System, 32(6), 4311-4318.

[41]Saqglain M, Saeed. M, Zulqarnain M R, Sana M, (2021) Neutrosophic Hyper soft Matrix
Theory: Its Definition, Operators and Application in Decision-Making of Personnel
Selection Problem, Neutrosophic Operational Research, Springer, 10.1007/978-3-030-57197-9




Chapter 7

The Application of the Score Function of Neutrosophic Hypersoft

Set in the Selection of SiC as Gate Dielectric For MOSFET

Muhammad Umer Farooq!, Muhammad Saqlain', Zaka-ur-Rehman?

1 Department of Physics, Govt. Degree College Bhera, Sargodha, Pakistan. E-mail: umerfarooq900@gmail.com
* School of Mathematics, Northwest University, Xian, China. E-mail: msgondal0@gmail.com
2 Depattment of Physics, University of Lahore, Sargodha Campus, Pakistan. E-mail: zakaurrehman52@gmail.com

Abstract: Neutrosophic hypersoft set are useful when attributes are more than one and are further
bi-furcated. These sets are more accurate, precise and suitable for the ranking in decision making
problems. Keeping in view; in this chapter, we present the study of various high k gate dielectrics
for the metal oxide semiconductor filed effect transistor (MOSFET). The objective of this work is to
choose the most suitable high k gate dielectric for the MOSFETs which can be used as gate dielectric.
By applying the score function of neutrosophic hypersoft set for the selection of best MOSFETS
since these are the most important part of all the electronic communication systems today. In the
last results conclude that D, = Al,0; is the best alternative that can be used as an optimal choice in
digital communication devices.

Keywords: SiC, MOSFET, Gate Dielectric, Score Function, Neutrosophic Hypersoft Set (NHSS), MCDM.

1. Introduction

Si based semiconductor devices have been used in power electronics applications for years. But
such devices have certain limitations in terms of their operation at higher voltages, temperatures
and switching speeds [1]. The voltage range for Si based semiconductor devices is limited to 6.5
kV which the switching frequency is limited to several hundred hertz [2, 3]. Also, the maximum
temperature limit for such devices is 200 °C [1]. Due to these problems, the wide band gap
semiconductors like GaN and SiC have caught the attention of the researchers since first realization
of SiC based metal oxide semiconductor field effect transistor (MOSFET). These semiconductor
devices operate at higher voltages, higher temperatures and have higher switching frequencies as
compared to Si based semiconductor devices [4-6]. SiC based field effect transistors (FET) have a
voltage range 650 V to 1.7 kV [7]. Semiconductors are the essential part of all the communication
systems today. The semiconductor devices have significantly reduced both power losses and cost
of the communication systems. These devices are used for high power applications in all type of
environments [8-17]. SiC is very suitable candidate for high power and high temperature

applications due to their larger band gap and larger conductivity. Moreover, these materials offer



mailto:umerfarooq900@gmail.com
mailto:msgondal0@gmail.com
mailto:zakaurrehman52@gmail.com

Theory and Application of Hypersoft Set 139

larger carrier saturation velocity. Such exceptional properties of SiC makes it ideal for its
applications in high power communication devices [17-27]. It is used largely in devices like Schottky
Diode [10], junction field effect transistors [15, 16], bipolar junction transistors [11-14], metal oxide
semiconductor field effect transistors [18-22] and insulated gate field effect transistors [23-27]. In
spite of such novel properties, SiC has some drawbacks too. It has low dielectric constant and poor
interface properties at SiC/Si0, junction in MOSFETs. This causes an increase in electric field at
junction interface. So, the search for new gate dielectrics as an alternate of SiC is required. The new
gate dielectric may have dielectric constant similar to SiC but smaller interface densities than SiC
for its use as gate dielectric in MOSFETs. The high k gate dielectrics like HfO,, AIN,
Al,03, Y,03, Ta,05 and La,0; are the potential candidates for gate dielectric as an alternate of SiC
in MOSFETs [28-45]. With the development of fuzzy sets [46] decision making becomes easier but later on
this theory was extended by [47] named as Intuitionistic fuzzy number theory. To deal with more precision,
accuracy and indeterminacy this idea was extended by [48] called as neutrosophy theory. To, discuss the
applications of these theory number of developments were made but the most important one is the theory of
soft set [49]. Later on, fuzzy, intuitionist and neutrosophy theories were extended to fuzzy softset [50],
intuitionistic soft set [51] and neutrosophic soft set [52]. In different fields the applications of these theories
are presented by many researchers [53-60], but with the development of TOPSIS, WSM and WPM techniques
[61-66] it becomes more powerful tool to solve the MCDM problems [67-72]. Samarandache [73] came up
with strategy to handle uncertainty. Soft sets were generalized to hyper soft set (HSS’s) by changing the
function into multi decision function. When attributes are more than one and further diverge,
neutrosophic soft set environment cannot help to handle such type of issue because of soft sets as
soft sets deal with single argument function. For this purpose, neutrosophic hypersoft set (NHSS)
[74] was introduced. Later, aggregate operators, similarity measures and their applications are
presented by [75-78].

Now the question arises why we are using these techniques in this case study? To get the
answer of this question, firstly you need to know the attribute and alternatives; since dielectrics are
of many types having different properties which makes it a perfect problem to apply the above-
mentioned MCDM techniques. Semiconductors are the essential part of all the communication
systems today. The novel characteristics of SiC make it very suitable for high power
communication. But due to problem of its low dielectric constant and poor interface properties, the
search for new gate dielectric is essential. These new dielectrics may have dielectric constant similar
to SiC but have smaller interface densities. In this research, ten such high k-gate dielectrics are being
analyzed. The purpose of this research is to find which dielectric is most suitable alternate of SiC
for high power communication with the help of MOSFETs. For this purpose, we apply neutrosophic
hypersoft sets. The layout of this chapter is shown in Figure:1. Introduction, Literature review,
motivation and contribution is presented in section 1. Next section includes the basic definitions.
Section 3, comprises of score function of NHSS. The case study is presented in section 4. Result
discussion is made in section 5. Finally, in section 6, the chapter is concluded with limitation and

future directions.
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Figure 1: The layout of the chapter
2.Preliminaries
Definition 2.1: Semiconductors [79]
These are the materials which are poorer conductors than metals but better than insulators. For
example, Silicon (Si), Germanium (Ge) and Gallium Arsenide.
Definition 2.2: Transistors [79]
It is an electrical device which consist of two PN junctions fabricated on a same single crystal. It has
three main parts i.e. emitter, base and collector. Transistors are used to amplify and switch the
electronic signals and electrical power.
Definition 2.3: Field Effect Transistors (FET) [79]
It is a type of the transistor in which flow of majority charge carrier (current) is controlled by the
signal voltage applied to a reverse biased pn junction. This reverse biased pn junction is called gate.

FET has three terminals i.e. source, gate and drain.

Definition 2.4: Metal Oxide Semiconductor FET (MOSFET) [79]

The MOSFET is a four terminal device i.e. source, gate, drain and substrate. The substrate is usually
grounded. The charge carriers enter into conducting channel through source and exit through drain.
The width of the channel is controlled by applying the voltage at the gate. The gate is present
between source and drain. It is insulated from the channel near an extremely thin layer of metal
oxide. The MOS capacity that exists in the device is a very important part as the entire operation
occur across this. The metal contact over the insulator is known as gate electrode which is separated
by a dielectric like Silicon dioxide or high k dielectric from the substrate.

Definition 2.4: Dielectrics

These are the materials which are poor conductors of electricity. It is an insulator but an effective

supporter to electric filed.
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Definition 2.5: Dielectrics Constant [80]
It can be defined as the ratio of the charge stored in the presence of an insulating material placed
between two metallic plates to the charge that can be stored when the insulating material is replaced
by vacuum or air.
Definition 2.6: High k Dielectrics Materials [81]
Dielectric materials which have high value of dielectric constant are called high k dielectric
materials. Metal oxides have usually have high dielectric constant. They are usually used in
MOSFETs as gate dielectric.
Definition 2.7: Band Gap [82]
The energy difference between the top of the valence band and the bottom of the conduction band
is called band gap.
Definition 2.7: Wide Band Gap Materials [83]
These are the materials which have relatively larger band gap as compared to conventional
semiconductors. Conventional semiconductors like silicon have a bandgap in the range of 1 -1.5 eV,
whereas wide-bandgap materials have bandgaps in the range of 2 - 4 eV.
Definition 2.8: Neutrosophic Hypersoft Set (NHSS) [74]
Let U be the universal set and P(U)be the power set of U. Consider 1%,1%,13 ...1" for n > 1, be n
well-defined attributes, whose corresponding attributive values are respectively the set
LY 12,12 ... I" with L'nL =@, for i #j and i,je{1,2,3...n} and their relation L! x [? x L?...L" = §,
then the pair (F,$) is said to be Neutrosophic Hypersoft set (NHSS) over U where;

FL'x12x12...L" - P(U)and

FL!x 12 x 12 ..1M) = {<x, T(E®)), 1I(F($)),F(F($)) > x € U} where T is the membership value of
truthiness, I is the membership value of indeterminacy and F is the membership value of falsity
such that T,I,F: U - [0,1] also 0 < T(E($)) + I(F($)) + F(F($)) < 3.

3. Algorithm of Score Function of Neutrosophic Hypersoft set (NHSS)

In this section an algorithm is presented to solve MCDM problem under neutrosophic hypersoft set

environment.

Suppose that there are some decision makers who wish to select from a number of objects.
Each object is further characterized by f number of attributes, whose respective attributes form a
relation just like Neutrosophic Hypersoft Matrix (NHSM). Each decision makes gives different
Neutrosophic values to these respective attributes. Corresponding to these Neutrosophic values for
the required relation we get a NHSM of order a x . From these NHSM we calculate values
matrices which helps to obtain a score matrix. And finally, we calculate the total score of each object

from score matrix. Algorithm is presented in Figure 2.
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Let 0= [Oij] be the NHSM of order a X 8, where 0;; = (79 o Tine ”k) then the value of

matrix O is denoted as V(0) and it is defined as V(0) = [ ; j] of order a x B, whereV;j = 7%, —
3% —Fx . The Score of two NHSM 0 = [0;;] and M =[My] of order a xp is given as

SO,M)=Y0)+V(M) and §(0,M) —[ U] where §;; = Vo +VM The total score of each

object in universal setis |X7_; S|

Step 1: Construct a NHSM.

Step 2: Calculate the value matrix from NHSM. Let 0 = [Oi j] be the NHSM of order a X 8, where
= (79 1o Tweo ]k) then the value of matrix O is denoted as V(0) and it is defined as V(0) =

[ ij] of order a x B, whereV = T2, — 30y, —F (.

Step 3: Compute score matrix with the help of value matrices. . The Score of two NHSM 0 = [0;;]

and M =[M;;] of order a X is given as S(0,M) =V(0) + V(M) and S(0,M) = [S;]

where §;; = V7 + V.

Step 4: Compute total score from score matrix. The total score of each object in universal set is

|28yl

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

Construct
NHSM

Calculate
Value
Matrices

Find
optimal
solution

Compute
total
score

Figure 2: Graphical representation of Score Function Algorithm of NHSS
4: Case Study

In this section a case study of SiC selection as gate dielectric for high power communication is

considered and the selection is made by applying all the above-mentioned algorithm.
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4.1 Problem Formulation

SiC based MOSFETs are widely used in high power communication devices. But due to its
poor interface properties, the search for new dielectrics which have similar dielectric constant as
SiC but have good interface properties is required. So, the more efficient high-power
communication devices can be constructed with the help of these high k-gate dielectrics. These
devices can operate at higher temperatures and higher voltages.

4.3 Assumptions

Sr. No. Alternative  Dielectric Band Gap Conduction band  Conduction band

Constant Eg4 (eV) with respectto Si ~ with respect to 4
() AE, (eV) H-SiC AE, (eV)
1 Si0, 3.9 8.9 3.2 22-2.7
2 SisN, 7.0 5.1 2.0 -
3 SiON 4.0-70 5.0-9.0 2.8 =
4 Al, 05 9.0 8.7 2.8 1.7
5 HfO, 25 5.7 1.5-17 0.7t01.6
6 Zr0, 25 7.8 14 1.6
7 Ta,0s 26 45 1-15 -
8 Y,0, 15 5.6 23 -
9 La,0; 30 43 23 -
10 AIN 9.14 6.2 2.2 1.7

Let U be the set of all dielectric materials that can be used at junction interface with SiC,

U= {Dl ) DZ' D3' D4—' DS' D6' D7, DBJ D9, D10}

Where D1 = 5102 ,Dz = Si3N4, D3 = SlON, D4 = Al203, Ds = HfOz, D6 = ZT’OZ, D7 = Ta205,
DS = Y203, Dg = La203, D10 = AlN

Let us consider the following attributes;

A, = Dielectric constant

Band Gap E, (eV

Az = Conduction band with respect to Si AE, (eV)

A4 = Conduction band with respect to 4 H-5iC AE, (eV)

So D; = Universal set of dielectrics wherei=1,2,3,4,5,6,7,8,9, 10

=
I\
Il

and

A; =Set of attributes wherei=1, 2, 3, 4
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A$ = Dielectric constant = {3.9,7.0,4.0 — 7.0,9.0, 25, 25, 26, 15, 30,9.14}
AS = Band Gap E, (eV) = {8.9,5.1,5 — 9,8.7,5.7,7.8,4.5,5.6 ,4.3,6.2}
A§ = Conduction band with respect to Si 4E, (eV)
=1{3.2,2.0,2.8,2.8,1.5 -1.7,1.4,1 — 1.5,2.3,2.3,2.2}
A% = Conduction band with respectto 4 H — SiC 4AE, (eV) = {2.2 - 2.7,—,—,1.7,0.54,1.6,—. —,—,1.7}
Let’s assume the relation for the function F: A$ X A5 x A X A - P(U) as;
F(AS x AL x AS X A9 x A%) = (3.9,5.1,1.4,1.6)

is the actual requirement for the selection of material for making dielectric.
Ten dielectric materials {D,, D,, D3, D,, Ds, Dg, D5, Dg, Dy, D1} are selected on the basis of assumed
relationi.e.( 3.9,5.1,1.4,1.6).

Two decision makers {S?,S?} are intended to select the most suitable material for the
formation of respective dielectric. These decision makers give their opinion in the form of NHSM
separately as;

Step 1: Construction of NHSM
[51]10X4

[ (3.9,(0.8,0.1,0.05))
(3.9,(0.7,0.2,0.1))
(3.9,(0.5,0.05,0.2))

(3.9,(0.2,0.2,0.6))

(3.9, (0.7,0.2,0.1))
(3.9,(0.7,0.1,0.05))

(3.9,(0.5,0.2,0.3))
(3.9,(0.8,0.05,0.1))

| (3.9,(0.2,0.2,0.6))

[S?]10xa
[ (3.9,(0.5,0.2,0.3))

(3.9,(0.7,0.2,0.1))
(3.9,(0.2,0.2,0.6))
(3.9,(0.2,0.2,0.6))
(3.9, (0.7,0.2,0.1))
(3.9,(0.8,0.05,0.1))
(3.9,(0.7,0.05,0.05))
(3.9,(0.7,0.1,0.05))
[ (3.9,(0.8,0.05,0.05))

(5.1,(0.2,0.2,0.6))
(5.1,(0.5,0.1,0.5))
(5.1,(0.7,0.05,0.1))

(3.9,(0.8,0.05,0.05)) (5.1,(0.8,0.05,0.05))

(5.1,(0.8,0.1,0.05))
(5.1,(0.7,0.2,0.1))
(5.1,(0.7,0.05,0.1))
(5.1,(0.7,0.05,0.05))
(5.1,(0.7,0.2,0.1))
(5.1,(0.7,0.05,0.1))

(5.1,(0.1,0.2,0.7))

(3.9,(0.8,0.05,0.05)) (5.1,(0.8,0.05,0.05))

(5.1,(0.8,0.1,0.05))
(5.1,(0.8,0.05,0.1))
(5.1,(0.8,0.1,0.05))
(5.1,(0.7,0.2,0.1))
(5.1,(0.2,0.2,0.6))
(5.1,(0.7,0.05,0.1))
(5.1,(0.7,0.1,0.05))
(5.1,(0.8,0.05,0.1))

(14,(0.5,0.3,0.1))
(1.4,(0.7,0.2,0.05))
(1.4,(0.7,0.1,0.05))
(1.4,(0.7,0.05,0.05))
(1.4,(0.5,0.05,0.2))
(1.4,(0.8,0.05,0.05))
(1.4,(0.8,0.05,0.05))
(1.4,(0.7,0.05,0.05))
(1.4,(0.6,0.05,0.2))
(1.4,(0.6,0.05,0.2))

(14,(0.2,0.5,0.1))
(1.4,(0.8,0.05,0.05))
(1.4,(0.8,0.05,0.05))

(1.4,(0.6,0.05,0.2))

(1.4,(0.5,0.05,0.2))
(1.4,(0.8,0.05,0.05))

(1.4,(0.7,0.05,0.5))

(14,(0.5,0.2,0.3))

(1.4,(0.8,0.05,0.2))

(14,(0.7,0.5,0.2))

(1.6,(0.6,0.05,0.2)) |
(1.6,(0.1,0.5,0.7))
(1.6,(0.5,0.2,0.3))
(1.6,(0.8,0.05,0.1))
(1.6,(0.6,0.05,0.2))
(1.6,(0.2,0.5,0.1))
(1.6,(0.7,0.2,0.05))
(1.6,(0.1,0.2,0.7))
(1.6,(0.5,0.2,0.3))
(1.6,(0.2,0.5,0.1)) |

(1.6,(0.2,0.5,0.1)) ]
(1.6,(0.7,0.2,0.05))
(1.6,(0.1,0.2,0.7))
(1.6,(0.5,0.2,0.3))
(1.6,(0.6,0.05,0.2))
(1.6,(0.2,0.5,0.1))
(1.6,(0.2,0.1,0.05))
(1.6,(0.7,0.2,0.1))
(1.6,(0.2,0.5,0.1))
(1.6,(0.8,0.05,0.05))]
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Step 2: Calculate the value matrices of NHSMs defined above using V;; =

[51]10><4 =

[52]10><4 =

[(3.9,(0.65))
(3.9,(0.4))
(3.9,(0.25))
(3.9,(0.7))
(3.9,(-0.6))
(3.9,(0.4))
(3.9,(0.55))
(3.9,(0.0))
(3.9,(0.65))
(3.9, (—0.6))

[ (3.9,(0.0))
(3.9,(0.7))
(3.9,(-0.6))
(3.9,(0.6))
(3.9,(0.6))
(3.9,(0.4))
(3.9, (0.65))
(3.9,(0.6))
(3.9,(0.55))

[ (3.9,(0.7))

(5.1,(-0.6))
(5.1,(-0.1))
(5.1,(0.55))
(5.1,(0.7))
(5.1,(0.65))
(5.1,(0.4))
(5.1,(0.55))
(5.1,(0.6))
(5.1,(04))
(5.1,(0.55))

(5.1,(-0.8))
(5.1,(0.7))
(5.1,(0.65))
(5.1,(0.65))
(5.1,(0.65))
(5.1,(0.4))
(5.1,(-0.6))
(5.1,(0.55))
(5.1,(0.55))
(5.1,(0.65))

(14,(0.1)
(14,(045))
(14,(0.55))
(14,(0.6))
(14,(0.25))
(14,(0.7)
(14,(0.7))
(14,(0.6))
(14,(0.35))
(14,(0.35))

(1.4,(-0.4))
(14,(0.7))
(14,(0.7)
(1.4,(0.35))
(1.4,(0.25))
(14,(0.7)
(1.4,(0.15))
(1.4,(0.0))
(1.4,(0.55))
(1.4,(0.0))

S S
Tiik = Jijie

(1.6,(0.35))]
(1.6, (-1.1))
(1.6,(0.0))
(1.6,(0.65))
(1.6,(0.35))
(1.6,(-0.4))
(1.6,(0.45))
(1.6,(-0.8))
(1.6,(0.0))
(1.6,(=0.4))]

(1.6,(=0.4))]
(1.6,(0.45))
(1.6,(-0.8))
(1.6,(0.0))

(1.6,(0.35))
(1.6,(-0.4))
(1.6,(0.05))
(1.6,(04))

(1.6,(=0.4))
(1.6,(0.7)) |

Step 3: Now compute score matrix by adding value matrices obtained in Step 2.

(5.1,(-14)) (14,(=0.3)) (1.6,(=0.05))]
(14,(1.15)) (1.6,(=0.65))

[5(5152)]10x4 =

[ (3.9,(0.65))
(3.9, (1.1)

(3.9,(1.3))
(3.9,(0.0))
(3.9,(0.8)
(3.9,(1.2))
(3.9,(0.6))
(3.9,(1.2))
| (3.9,(0.1))

(3.9,(-0.35))

(5.1,(0.6))
(5.1,(1.2))
(5.1,(1.35))
(5.1,(1.3))
(5.1,(0.8))

(14,(1.25))
(1.4,(0.95))
(1.4,(0.5))
(14,(14)

(5.1,(-0.05)) (1.4,(0.85))

(5.1,(1.15))
(5.1,(0.95))

(5.1,(1.2))

Step 4: Now total score of score matrix is given as;

(1.4,(0.6))
(1.4,(0.9))
(1.4,(0.35))

(1.6,(-0.8))
(1.6,(0.65))
(1.6,(0.7))
(1.6,(-0.8))
(1.6,(0.5))
(1.6,(-0.4))
(1.6,(-0.4))
(1.6,(0.3)) |
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Total score =

PPN RoR

O O O, N
mmmmNmmwN&

Step 5: The material of dielectric D* will be selected as the total score of D* is highest among the

rest of the total score of dielectrics.

Alternative Total Score Value
D1 1.1
D2 2.2
D3 1.3
D4 4.25
D5 2.5
D6 2.2
D7 2.5
D8 1.95
D9 2.65

D10 1.95

Table 1: The total score function of each dielectric taken as alternative

4.5 4.25

3.5

3
2.5 2.5 2.65

2.5

1.5

0.5

Total Score Value

mDl1 mD2 mD3 mD4 mD5 mD6 mD7 mD8 mD9 mDI10

Figure 3: Total score value comparison of alternatives
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6. Result Discussion

Everyday many researchers are trying to find the best operational research technique that can be
useful in decision making problems. In very recent with the development of NHSS and its score
function; it seems to be the success of the researchers who are working on it. Since NHSS is the tool
which is most suitable in decision making problems and can be applied when attributes are more
than one and are further bi-furcated. For the validity of the algorithm of score function in the
applied mathematical issues and MCDM environment the case study of SiC gate dielectric for the
MOSEFET in communication devices is used.

In these calculations, the ranking of each dielectric with respect to each criterion is calculated which
are shown in Table 1 and Figure 4. Result shows that the above-mentioned techniques can be used
to find the optimal SiC dielectric in communication devises.

Total Score Value

4.25

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
e Total Score Value 1.1 2.2 1.3 | 425 2.5 2.2 2.5 195 | 265 1.95

Total Score Value

Figure 4: Ranking comparison of alternatives
The dielectric Al,0; can be used as best alternative dielectric material which is most suitable in
communication devices. So, the more efficient high-power communication devices can be

constructed with the help of this high k-gate dielectric.

5. Conclusions
Among the ten potential alternatives for gate dielectric, the calculations show that Al,0; is the most
suitable high k-gate dielectric for the MOSFETs. Also Al,0; has excellent lattice matching with SiC.
It has good thermal stability and high conduction band off-set between Al,0; and 4H-SiC.
Moreover, it has high k- value and relatively larger dielectric band gap [28]. Such properties of
Al,03; makes it a very suitable substitute of SiC as gate dielectric. These calculations are done by
applying score function of NHSS.

Since this study has not yet been studied yet, comparative study cannot be done with the

existing methods.
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In our forthcoming work, this method can be used to find the best alternative having same
physical and structural properties in manufacturing process of different materials with low lost and

good impact on environment.
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Abstract: In our daily lives, most of the problems are created due to wrong decisions. Similarity
measures are very useful to make good decisions. In this manuscript, different similarities like
Tangent, Ye, and Cosine similarity of m polar neutrosophic hypersoft sets and their comparison is
presented. These techniques are very useful to deal with the problems whose attributes are
numerous. In m-polar neutrosophic hypersoft set, attributes are large in number and further
classified, that is why making effective and fruitful decision is cumbersome. Decision making
become simple, easy and accurate through comparison of different proposed similarities. Finally,
the proposed similarity measures applied to diagnose the Covid-19 will be extremely useful to

prevent the spread of this virus.

Keywords: m-Polar Neutrosophic Hypersoft Set (mPNHSS), Similarity Measure, Tangent Similarity

Measure, Ye Similarity, Cosine Similarity.

1. Introduction

A great researcher Lotfi A. Zadeh [4] proposed a revolutionary theory, known as fuzzy set theory
in 1965 was based on membership values. In some problems it is difficult to allot the membership
value, to overcome this problem Smarandache [10] extended this concept with the addition of
indeterminacy and non-membership values along with the membership value, it is introduced as a
neutrosophic set. Neutrosophic set is a scientific tool for handling all the issues which including
indeterminacy, uncertain and conflicting information [5]. In this idea membership, indeterminacy,
and non-membership values are independent. Theory of soft set was proposed by Molodtsov [2], it

resolves the issue of uncertain conditions. He introduced the soft set by considering a universal set
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and the parameterized family of its subsets. Each element of the soft set is considered as an
approximate element [7]. Soft sets play an important role in game prediction and basic decision-
making problems [11]. From Molodtsov till now it is used in many applications and problems
to connect the different fields of science and data research [28,/9,|11]. Maji [15] introduced
the concept of the neutrosophic soft set by combining the concept of neutrosophic set and soft
set, it is used in decision-making problems [14] and for research purpose [13]. To deal with
uncertainty Smarandache [6] introduced the concept of the hypersoft set by converting soft
set function values into multi-decision function values. In TOPSIS and MCDM Smarandache
gave brief explanations of numerous extensions of neutrosophic sets [24-29]. Saglain [18]
introduced neutrosophic hypersoft set converting it from hypersoft set to handle the problems
of uncertainty. The neutrosophic hypersoft set can be used to predict games [20,21]. Saeed
and Saglain introduced the concept of m polar neutrosophic soft set [3] and used in medical
diagnosis and decision making. we convert the m-polar neutrosophic soft set into the m-polar
neutrosophic hypersoft sets to handle a large number of attributes in medical diagnosis.
Many methods are used to measure the similarity between two neutrosophic hypersoft sets.
The object of this paper is to use several similarity methods for m-polar neutrosophic hypersoft
sets. The tangent similarity measure is introduced by Pramanik and Mondal [6], its properties
and application also explained. J.Ye gave the idea of Ye similarity measure and explain its
properties and applications |17]. Said Broumi and Florentin Smarandache [1] introduced cosine
similarity which is based on Bhattacharya’s distance [12], its properties also briefly described.
Anjan Mukherjee, Abhik Mukherjee [33] introduced similarity measures of interval-valued

fuzzy soft set for determining COVID-19 patients.

1.1. Structure of this manuscript

The proposed work is cataloged as follows, In Section 1 the related definitions of concepts
for understanding soft set, neutrosophic set, neutrosophic hypersoft set, m-polar neutrosophic
soft set are presented. In section 2 we proposed the basic definition of m polar neutrosophic
hypersoft set and its aggregate operators like equal, null, subset, union, intersection. In section
3 comparison among the several similarity measures of m polar neutrosophic hypersoft set and
graphical representation of the results have been done with the help of an illustrated example

of covid-19. In section 4 finally, conclusion and future directions are presented.

1.2. Motivation

Saqglain et al presented the Tangent similarity measure of single-valued NHSS [23]. Many
pieces of research involve multi-attributes, multi-agent, multi-object, multi-Polar, and multi-

index information.To tackle these kind of situations, we theorized several similarity methods
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for m-Polar neutrosophic hyper soft sets. This approach will be extremely useful in MCDM,
personal selection, coding theory, management problems, and medical diagnosis. In compari-
son with single-valued NHSS, m-Polar NHSS give more accurate results. We also applied this

theory on medical diagnosis to show its importance in real life problems.

2. Preliminaries

In this section, soft set, hypersoft set, neutrosophic set, neutrosophic hypersoft set, m-polar

neutrosophic soft set, m-polar neutrosophic hypersoft set are briefly explained.

2.1. Soft Set

Let Y be a set of parameters or attributes concern the universal set K. P(K) represents the
power set of the universal set K. To define soft set let B CY. Here g is a mapping which is
defined as

o: B — P(K)

Then a pair (g, B) over K is called a soft set. For any a€B, p(a) may be written as a set of
a-element of the soft set (o, B). Then (o, B) is defined as

(0, B)=p0(a)e P(K) ifa € B

o(@)=¢ if a ¢ B

2.2. HyperSoft Set

The pair (o, k' xk%xk3x...k") is said to be a hypersoft set over K where o is defined as

0: k'xk*xk3x.. k" — P(K)

Here K is the universal set and P(K) is its power set. Consider &', k2, k3 ... k" for n>1
is the n well-defined attributes, whose corresponding attribute values are k', k%, k3, ... k"
respectively with the condition

kE'NkI=¢ for i#j and ic{1,2,3,..n},j€{1,2, 3, ..n}

2.3. Neutrosophic Set

Let K be a universal set and the neutrosophic set B is an object having the form

B={(x: Tp(x), Ig(x), Fp(x)), x€K}

Where the function T, I, F: K —]-0, 14| define respectively the truth membership function,
indeterminacy function, and falsity membership function. A set is a neutrosophic set with the
condition

0~ < TB(X)+IB(X)+FB(X)§3+
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To select the interval for the neutrosophic set from the philosophical point of view the
neutrosophic set takes the value from real standard or non-standard subsets of |0, 17[ it is

difficult to apply in real applications for technical applications we take interval [0, 1] [1].

2.4. Neutrosophic Hypersoft set

Let K be the universal set and P(K) be the power set of K. Consider n well-defined attributes

k', k2, k3 ... k™ for n>1 whose corresponding attribute values are respectively k', k2, k3 ...k

with the condition

ki N ki=¢ for i#j and ic{1, 2, 3, ..n} je{1, 2, 3, ..n}

consider their relation

k' x k% x KPx .. k"=U

define a mapping

A ¥ — P(K)

AC®)={(x, TO\(D)), [A)), F(A())), xeK}

Then the pair (A, ¥) is said to be a neutrosophic hypersoft set over universal set K. Where
T(A(V)) is truth membership function, I(A\(¥)) is the indeterminacy function and F(A(V)) is
the falsity membership function such that

TO(D)), IA)), FAW)) = [0, 1]

with the condition

OSTONW))+IA (W) +F (A () <3

2.5. m-Polar Neutrosophic soft set

An m-polar neutrosophic soft set is defined as if K is a universal set and P(K) is its power
set T be the set of attributes concerning to K. B is said to be m-polar neutrosophic soft set
over K if BCT.

Its mapping is defined as

A: B — P(K)

(A, B)={ ( T* \(B), I' A\(B), F* X\(B))|k, keK} Vi=1,2,3,..n

Here T?\(B) denotes the degree of i*" truth membership function, I’ A(B) denotes the degree
of it" indeterminacy function and Fi\(B) denotes the degree of it? falsity membership function
for each element of keK to the set B and hold the condition

0< TA(B)+IA(B)+FiA(B)<3

Vi=1,2,3, .0
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3. m-Polar Neutrosophic Hypersoft Set

Let K={k!, k?, ..k"} be the universal set and P(K) be the power set of K. Con-
sider k1, K, ...km for m>1 be m well-defined attributes whose corresponding attribute
values are respectively Yi!, Y92, ..1,,” and their relation is Y{'xY9?x...T,,” then the
pair(A, T1'xYTe?x...T,,") is said to be m-polar neutrosophic hypersoft set over K. Let
T xYo?x... 1, =0

where ) is defined as

A Q — P(K)

MQ)={(Ty"(k), Iv'(k), Fyi(k) ) k€K, Te Q} i=1,2, ..,n

also

OSZizlnTTi(k)Sl OSZizlnITi(k)Sl OSEizlnFri(k)Sl
where

TR0, 1] Ip()C0, 1] Frik)C[o, 1]

and holds the condition
0< i " T (k)20 "It (k) +> 0, "Fr' (k) <3

3.1. Example

Let K be the set of different teachers those are nominated for the best teacher of the year.
consider
K{T!, T2, T3, T4, T%}
Assumptions:
e Every teacher has the same probability to select.
e Independent attributes are considered.

e Hesitant Environment is not yet considered.

Problem formulation:
Assume the set of attributes as
Q1%= Academic Qualification (below masters, masters, above masters)
Q2= Professional Qualification (yes, no)
Qs¢= Professional Skills (good, average, poor)
Q4%= Teaching Methods (traditional, up to date)
Formulation
A Qrx Qo x QaxQu? — P(K)
consider
A(masters, yes, good, up to date)={T?, T*}

Then the Neutrosophic hypersoft set of above assumed relation
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A(masters, yes, good, up to date)={(T2,(Q1%[0.9, 0.4, 0.1], Q2°[0.7, 0.3, 0.5], Q3°[0.4, 0.9,
0.7], Q4%[0.6, 0.3, 0.5]), (T* (Q1%[0.5, 0.3, 0.7], Q2°[0.5, 0.1, 0.3], Q3¢[0.7, 0.5, 0.8], Q4?[0.4,
0.6, 0.3])}

Then m-Polar Neutrosophic Hypersoft Set of above relation is

A1 (masters, yes, good, up to date)={ T 2 ( Q;%[0.01, 0.003, 0.1, 0.023, 0.07], [0.092, 0.073,
0.08, 0.2, 0.4], [0.2, 0.17, 0.06, 0.13, 0.3]), (Q2%[0.2, 0.1, 0.5, 0.019, 0.051], [0.21, 0.14, 0.27,
0.009, 0.1], [0.113, 0.35, 0.25, 0.12, 0.03]), (Q3°[0.12, 0.13, 0.14, 0.15, 0.39], [0.17, 0.20, 0.24,
0.15, 0.1], [0.2, 0.1, 0.5, 0.019, 0.051]), (Q4¢[0.2, 0.17, 0.06, 0.13, 0.3], [0.12, 0.025, 0.07, 0.22,
0.074], [0.01, 0.003, 0.1, 0.023, 0.07])}

A\2(masters, yes, good, up to date)={T*( Q;%[0.09, 0.08, 0.7, 0.026, 0.05], [0.04, 0.03, 0.02,
0.1, 0.09], [0.32, 0.51, 0.06, 0.03, 0.02]), (Q2[0.12, 0.13, 0.14, 0.15, 0.39], [0.17, 0.20, 0.041,
0.05, 0.1], [0.2, 0.1, 0.5, 0.019, 0.051]), (Q3¢[0.09, 0.08, 0.7, 0.026, 0.05], [0.04, 0.03, 0.02, 0.1,
0.09], [0.02, 0.51, 0.06, 0.03, 0.12]), (Q4%[0.12, 0.13, 0.14, 0.15, 0.39], [0.12, 0.025, 0.07, 0.22,
0.074], [0.12, 0.025, 0.07, 0.22, 0.4])}

3.2. Aggregate Operators of m-Polar Neutrosophic Hypersoft Set

In this manuscript, aggregate operators of m polar neutrosophic hypersoft set like the equal
set, null set, subset, union, and intersection are explained. The validity and restrictions of
proposed operators are briefly discussed. With the Help of aggregate operators, any set can
be used to obtained desired results these operators are tools that are beneficial to use different

sets in problems.

3.3. m-Polar Neutrosophic Equal Hypersoft Set

let K={k!, k?, .. k"} be the universal set and P(K) be the power set of K. Consider k1, kg,
...k, for m>1 be m well-defined attributes whose corresponding attribute values are respec-
tively Y11, o2, ...T,," and their relation are Y1t xTo2x...T,,".

Let T11xYy%x...Y,,"=

AQ)={(Tr(a)'(k), Ir(ay'(k), Fray'(k) ) keK, TeQ}

B(Q)={(Tx(p)'(k). Ir(s)'(k), Fr(p)'(k) ) k€K, Te}

i=1,2, ...n

are two m-polar neutrosophic hypersoft sets over K. They are said to be m-polar neutro-

sophic equal hypersoft sets
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if it satisfied the following conditions
Tr(a)' (k)=Typ) (k) Iy (k)=Iy(p)" (k) Fra)'(k)=Fryp)'(k)

3.4. m-Polar Neutrosophic Null Hypersoft Set

let K={k!, k2, ...k"} be the universal set and P(K) be the power set of K. Consider k1, k2,
...k for m>1 be m well-defined attributes whose corresponding attribute values are respec-
tively Y11, Y92, ...T,," and their relation are Y11 xTo2x...T,,".

Let T11xY92x...Y,,"=

AQ)={(Tr(a)'(k), Tr(a)’(k), Freay'(k) ) keK, Te Q }

is said to be an m-polar neutrosophic Null hypersoft set over K.

if it satisfied the following conditions
T4y’ (k)=0 Ly ()" (k)=0 Fra)'(k)=0

3.5. m-Polar Neutrosophic Subset Hypersoft Set

let K={k!, k2, ..k"} be the universal set and P(K) be the power set of K. Consider k1, k2,
...ki, for m>1 be m well-defined attributes whose corresponding attribute values are respec-
tively Y11, Y22, ...X,," and their relation are T{'xYo2x...YT,,".

Let T11xY92x...Y,,"=

AQ)={{Tr ) (&), Ira)'(k), Frea)'(k) ) keK, Te Q}

B(Q)={(Tr(s)'(k), Ir()'(k), Fr(p)'(k) ) keK, Te Q }

i=1,2, ..n

are two m-polar neutrosophic hypersoft sets over K. Then A(YT1!xYT52x...T,,") is the m
polar neutrosophic subset hypersoft set.

if it satisfied the following conditions
Tra)" (k) <Try(p (k) L4y’ (k) >Ty gy (k) Fra)'(k)>Fry(p)' (k)

3.6. Union of Two m-Polar Neutrosophic Hypersoft Sets

let K={k!, k?, ..k"} be the universal set and P(K) be the power set of K. Consider k1, ko,
...k for m>1 be m well-defined attributes whose corresponding attribute values are respec-
tively Y11, Y22, ...T,," and their relation are Y1t xTo2x...Y,,".

Let T11x Y92 x...Y,,"=

AQ)={{Tr ) (&), Ir(a)'(k), Fra)'(k) ) keK, Te Q}

B(Q)={(Tx(p)’' (k). Ir(p)'(k), Fr(p)'(k) ) k€K, Te Q }

i=1, 2, ..n

are two m-polar neutrosophic hypersoft sets over K.
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Then A(Q2) U B(Q) is given as

A(Q) ifre A
T(A(Q)UB(Q) = { B(Q) ifre B
max(T(A(Q)), T(B(Q))) ifr € AUB)

) ifre B
(LAMIBEY i r2 c AU B)

A(Q) ifre A
) ifreB
min(F(A(Q)),T(B(Q))) ifxe AUB)

3.7. The Intersection of Two m-Polar Neutrosophic Hypersoft Sets

let K={k!, k?, .. k"} be the universal set and P(K) be the power set of K. Consider k1, kg,
...k for m>1 be m well-defined attributes whose corresponding attribute values are respec-
tively Y11, Y22, ...T,," and their relation are Y1 xTo2x...T,,".

Let T11x Y92 x...Y,,"=

AQ)={{Tr(a)'(k), Ir(a)'(k), Fra)'(k) ) keK, Te Q }

B(Q)={(Tx(p)’' (k). Ir(p)'(k), Fr(p)'(k) ) k€K, Te Q }

i=1, 2, ...,n

are two m-polar neutrosophic hypersoft sets over K.

Then A(2) N B(R) is given as

A(Q) ifre A
T(A(Q) N B(Q) = { BQ) ifr e B
min(T(A(Q)), T(B(Q))) ifr € AUB)

) ifreB
(LA@IHIBEOY 2 e AU B)

A(Q) ifr e A
F(A(Q)NB(Q) =< B(Q) ifr €B
max(F(A(Q)), T(B(Q))) ifz e AUB)
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4. Comparison among The Several Similarity Measure of m-Polar Neutrosophic

Hypersoft sets

In two objects similarity measure is a numerical value of the degree according to the objects
are same or nearly equal to each other. Usually, the values of similarities are positive and
mostly lies between 0 and 1. Here 0 means there is no similarity and 1 means completely
similar to each other, any similarity who answer near to 1 is more accurate and beneficial
for research proposes. A similarity measure is very important in decision-making problems
through calculating similarity measures among the ideal and given options. Let A and B be
two m-polar neutrosophic hypersoft set in the universal set K={ ki, ko, ..., k,}. Explain

several similarities to solve m-polar neutrosophic hypersoft set.

4.1. Tangent Similarity Measure for m Polar neutrosophic Hypersoft Sets

Let K={ky, ko, ks, ....k,} be a universal set P(K) be its power set. Consider two m-polar
neutrosophic hypersoft set

A={(T (k) I,/(k), F,'(k) ) k€K, ac(a;' xas?x...a,,')}

B={(Ty!(k), I (k), Fp(k) ) k€K, be(by! xbs?x...b,})}

To measure the tangent similarity for these two m-polar neutrosophic hypersoft set use the
given tangent similarity

T(A, B)={2 Y0, [1 - tan (| Ti(k) — Ti(k) | + | Ti(k) — Ti(k) | + | Ei(k) — Ei(k) |}

here

keK, ac(a;! xag?x...an!, b € (bi'x ba?x...b,})
0§Zi:1nTA,Bi(k)§1 szz‘dnlA,Bi(k)Sl 0< Zi:lnFA,Bi(k)Sl
where

Tri(k)C[0, 1] Iyi(k)C[0, 1] Fri(k)C[0, 1]

and holds the conditions
0< 3" Tap (K)+> 2, "ap () +> - "Fap' (k) <3

4.2. Proposition

Tangent similarity measure between two m-polar neutrosophic hypersoft sets satisfies the

following properties

(1) 0< TypvESs(A, B)<1

(2) Trupvmss(A, B)=1 if and only if A=B
(3) Trnpnuss(A, B)=Typnuss(B, A)
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(4) if C is a mPNHSS and ACBCC then TmPNHSS(Aa C) < TmPNHSS(Aa B) and

Tpnass(A, C) < T,pyvass(B, C)

4.3. Proofs

(1). 0< TppNHss(A, B)<1

As the truth membership function, indeterminacy function, and falsity membership function
of T,npnmss lies between 0 and 1, because the values of the tangent function are within [0, 1]
and the similarity measure which is based on tangent also lies within [0, 1]. Hence proved

0< T,—pnHSS(A, B)<1

(2) Tro—pnmss(A, B)=1 if and only if A=B
For any two m-PNHSS A and B, let A and B are equal m-PNHSS as given in statement (means
A=B) this implies

Ta(x)=Tp(x)  la(x)=Is(x) F4(x)=Fp(x)
Hence there difference also equal to zero means
| Ta(x)-Tp(x)[=0 | La(x)-1p(x)|=0 | Fa(x)-Fp(x)[=0

after putting these values in tangent similarity formula, since tan(0)=0 so we get the answer
is 1.Hence if A=B then T,,pnrss(A, B)=1

Conversely

If T,npnss(A, B)=1 then it is obvious that

| Ta(x)-Tp(x)[=0 [ Ta(x)-Ip(x)[=0 | Fa(x)-Fp(x)[=0
these imply that

Tax)=Tp(x)  Ia(x)=Iz(x) Fa(x)=F5(x)

by definition of equal mPNHss A=B

(3)TmeNrss(A, B)=Tmpyuss(B, A)

To calculate the value of T, pnygss(A, B) firstly find

| Ta(x)-Tp(x)| | Ta(x)-1p(x)| | Fa(x)-Fp(x)|

As we know the property of mod

[-x|=x

by using this property it is obvious that

| Ta(x)-Ta(x)|=] Tp(x)-Ta(x)| | Ta(x)-Ip(x)|=] 1p(x)-1a(x)|
| Fa(x)-Fp(x)|=| Fp(x)-Fa(x)|
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So the values of Tm_pNHgs(A, B): Tm—PNHSS(A, B)

(4)if C is a m-PNHSS and ACBCC then T,,_pnuss(A, C) < T,,—pvuss(A, B) and
Trm—pnrss(A, C) < Tp—pyuss(B, C)

If ACBCC then by definition if subset m-PNHSS T4(x)< Tp(x) < Teo(x), La(x) > Ip(x)
> Io(x), Fa(x) > Fp(x) > Fe(x) for xeX

by using definition we get the inequalities:

| Ta()-Tp()|<| Ta()-Te()| | To()-To)|<| Talx)-Tex)
| LGI0I< L) Ie)] | Ip(0-Ie(x)|<] La(x)-Io(x)
| Fa()-Fp(0I<| Fa)Fe)| | Fa()-Fo()|<| Fax)-Fo()|

Thus we conclude that

Tm—pNuss(A, C) < Tp_pnuss(A, B) and Ty,—pyuss(A, C) < Ty—pnrss(B, C),because

the tangent function is increasing in the interval[0, 7]

4.4. Ye’s similarity

Ye’s similarity is defined as

Sye(A, B)=1-53i=1"will Ta? (ki)-T57 (k)| +| La? (ki)-1g (ki) [+[F a7 (F)+F 57 ()]
where

Ta,p'(k)C[0, 1] I45'(k)C[0, 1] F 4 5'(k)C[0, 1]

and holds the condition

0< 300" Ta,p' (k) +30,2, "Ta ' (k) +30,_"F a5’ (k) <3

4.5. Proposition

Ye similarity measure between two m-polar neutrosophic hypersoft set satisfies the following

properties

(1) 0< SyemPNHSS(A’ B)Sl
(2) Syempnmss(A, B)=1 if and only if A=B
(3) SyempnESS(A, B)=Syempnuss(B, A)

4.6. Proofs

(1) OS SyemPNHSS(A7 B)Sl
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As the truth membership function, indeterminacy function, and falsity membership function
of SyempNHss lie between 0 and 1, the similarity measure which is based on the above functions
also lies within [0, 1]. Hence proved

OS SyemPNHSS(Aa B)Sl
(2). SyempnHSs(A, B)=1 if and only if A=B

Let A=B then by definition of equal m polar neutrosophic hypersoft set

Ta(x)=Ts(x) Ia(x)=I5(x) Fa(x)=Fp(x)

then

SyempNHsS(A, B)=1-5>"i—1"wi| Ta? (k;)-Tp? (ki)| +| La? (ki)-157 (k)| +|F a? () +F 57 (¥)]

SyempPNHSS(A, B)=1-0
A, B)=1

)

SyemPNHSS (A,

Conversely,

Let SyempnHSS(A, B)=1 then only one possibility is
Ta(x)-Tp(x)=0 I4(x)-Ip(x)=0 F4(x)-Fp(x)=0
this implies that

Ta(x)=Tp(x) I4(x)=Ip(x) Fa(x)=Fp(x)

so, A=B

(B)SyemPNHSS(A7 B):SyemPNHSS(Ba A)

SyempNHsS(A, B)=1-5>"i1"wi| Tad (k;)-Tp? (ki)| +| La? (ki)-157 (k)| +|F a? () +F 57 (¥)]
it can be write as
SyempNESS(A, B)=1-33"im1"w[| Tp? (ki)-Ta (k)| +| L7 (ki)-La? (k)| +[F 57 (5)+F 47 (¥))

SyempPNHSS(A, B)=Syempnuss(B, A)

4.7. Cosine Similarity

Candan and sapino [33| give us the idea of cosine similarity which is a fundamental angle
based similarity. It helps to calculate the similarity between two n-dimensional vectors by

using the cosine of the angle between them. Consider two vectors A, B. Their attributes are
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A=((aq, ag, ..., a,) and B=((bq, be, ..., by,), 0 is the angle between A and B, similarity can be

calculated by using dot product and magnitudes of vectors A and B

_ D orq aib;
cosf = L
{ Vi a e b7 }

now consider if there is an m-polar neutrosophic hypersoft sets A and B in K={ ky, ko, ...,

k,, } then the cosine similarity between A and B can be calculated by the following formula

_1xyw7m ATy (ki) ATp (ki) + A1 (ki) Alp(ki)+AFa (ki) AFp (ki)
CA B)=3 2in {\/(ATA(ki))QJr(AIA(ki))2+(AFA(ki))Q\/(ATB(ki))ZJr(AIB(’fi))2+(AFB(ki))2}
where

A Ta(k)=32j=1"T1 (k)

A Ta(ky)=>2-1"Tr7 (k)

A Fa(k)=32j=1"Fr? (k)

and holds the condition

0< Zj:lnTTj(k)+2j:1nITj(k)+2j:1nFTj(k)§3

4.8. Proposition

Cosine similarity measure between two m-polar neutrosophic hypersoft sets satisfies the

following properties

(1) 0< Cpi—pnHSS(A, B)<1
(2) Cpi—pnuss(A, B)=1 if and only if A=B
(3) Cm-pnuss(A, B)=Cpm-pnuss(B, A)

4.9. Proofs

(1). 0< Cr—prmss(A, B)<1

As the truth membership function, indeterminacy function, and falsity membership function
of Syem—pPNHSs lie between 0 and 1, values of cosine function also lies between 0 and 1, the

similarity measure which is based on cosine also lies within [0, 1]. Hence proved

0< Cp—prnuss(A, B)<1
(2). C’TH7PNHSS(A7 B):l if and only if A=B

Let A=B then
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Ta(x)=Ts(x) La(x)=1p(x) Fa(x)=F5(x)
Cr_pniss(A, B) Z{ ATy (ki) ATp (ki) + ALy (ki) Alp(ki) + AFa (ki) AFg (ki) }

V(ATA(k:)? + (ALa(k:))? + (AFa(k:))?/ (ATp(k:))* + (Alp(k:)? + (AFp(k:))?
after using the definition of equal m-polar neutrosophic hypersoft set it became

Cm-pNHSS(AB)=1

Conversely,

Let Cp,—pnmss(A, B)=1 then there is the only possibility

Ta(x)=Tp(x) I4(x)=Ip(x) Fa(x)=Fp(x)

Hence A=B

(3). Cn—pnuss(A, B)=Cp_pnHss(B, A)

AT A (ki) ATp (ki) + ALs(ki)Alp(ki) + AFA(ki)) AFp(k;)

V(ATA(ki)? + (ALa(k:))? + (AFa(k:))?/ (ATp(k:))? + (Alp(ki)? + (AFB(ki))Q}

Crm-pNHss(A, B) Z{

It can be written as

}

Cm—pnuss(A, B) Z{ ATp(ki) AT (ki) + Alp(ki)Ala(k;) + AFp(k; )AFA(];:Z)

V(ATp(k:))? + (ALp(ki)? + (AFp(k:))?/ (ATa(k:)? + (ALa(k:))? + (AFa(k:))?

Crm-pnuss(A, B)=C,,—pnmss(B, A)

4.10. Application of Tangent Similarity Measure for m-Polr Neutrosophic Hypersoft set to
Diagnosis Covid-19

In medical diagnosis, decision making became very much complicated because medical test
are too expansive and time taking. Sometime condition of patient is not stable, the doctor
did not have enough time to wait for the result of a medical test, they should take urgent
steps to save the patient’s life. In such conditions these kind of studies help them to take
effective decisions to save patient’s life. In the days of covid-19 patients are large in number
and the medical test is very much expensive and time-taking. Some patients had financial
problems and the condition of some patients is critical. To handle that pandemic situation,
we demonstrate the application of the proposed tangent similarity measure for the m-polar
neutrosophic hypersoft set to medical diagnosis. we discuss the covid-19 diagnosis as follow:

For example, the patients of covid-19 reported the symptoms like

serious symptoms= SS= difficulty in breathing, chest pain, loss of speech
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most common symptoms= MCS= fever, dry cough, tiredness

less common symptoms= LCS= pain, sore throat, headache

we construct a model(patient) who is suffering from covid-19. Note down the symptoms of
covid-19 according to the list SS, MCS, LCS and figure out their scale for diagnosis take under

observation and figure out the m polar neutrosophic hypersoft set

P,={SS((0.087, 0.68, 0.073, 0.060), (0.087, 0.073, 0.79, 0.05), (0.68, 0.084, 0.079, 0.16)),
MCS((0.53, 0.067, 0.071, 0.068), (0.43, 0.087, 0.32, 0.064), (0.411, 0.080, 0.076, 0.4)),
LCS((0.03, 0.51, 0.063, 0.041), (0.063, 0.072, 0.54, 0.010), (0.083, 0.079, 0.076, 0.71))}

Five patients are suffering from fever and also having some symptoms due to these symptoms
they thought they are suffering from covid-19. To diagnosis that those patients are suffering
from covid-19 or not. For this purpose construct the m polar neutrosophic hypersoft set for

every patient. Like

First Patient

P1={SS{(0.078, 0.77, 0.068, 0.05), (0.072, 0.086, 0.70, 0.06), (0.58, 0.085, 0.075, 0.13)),
MCS((0.43, 0.087, 0.061, 0.059), (0.53, 0.057, 0.12, 0.034), (0.011, 0.07, 0.46, 0.3)), LCS((0.04,
0.61, 0.053, 0.051), (0.073, 0.52, 0.31, 0.02), (0.073, 0.069, 0.080, 0.72))}

Second Patient

P»={SS((0.002, 0.01, 0.02, 0.03), (0.032, 0.056, 0.02, 0.05), (0.042, 0.051, 0.035, 0.03)),
MCS((0.04, 0.05, 0.041, 0.029), (0.053, 0.062, 0.09, 0.11), (0.001, 0.04, 0.16, 0.05)), LCS((0.063,
0.049, 0.023, 0.03), (0.053, 0.42, 0.21, 0.01), (0.063, 0.054, 0.073, 0.74))}

Third Patient

P3={SS{(0.001, 0.003, 0.0012, 0.004), (0.021, 0.014, 0.053, 0.061), (0.012, 0.003, 0.0012,
0.021)), MCS{(0.002, 0.013, 0.053, 0.060), (0.0017, 0.023, 0.04, 0.0029), (0.0017, 0.023, 0.04,
0.0029)), LCS{((0.009, 0.0014, 0.0049, 0.0021), (0.007, 0.004, 0.013, 0.0029), (0.002, 0.004,
0.0012, 0.0014))}
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Forth Patient

P4={SS{(0.0011, 0.0012, 0.0002, 0.0010), (0.0021, 0.0041, 0.0035, 0.061), (0.0012, 0.0001,
0.0021, 0.0022)), MCS((0.004, 001, 0.0051, 0.006), (0.0017, 0.0023, 0.004, 0.0019), (0.003,
0.00041, 0.0003, 0.005)), LCS((0.0009, 0.0013, 0.0009, 0.0012), (0.0005, 0.0014, 0.0002,
0.00091), (0.0003, 0.0041, 0.0012, 0.0001))}

Fifth Patient

P5={SS{(0.077, 0.66, 0.073, 0.060), (0.082, 0.070, 0.69, 0.05), (0.66, 0.083, 0.070, 0.11)),
MCS((0.51, 0.077, 0.061, 0.069), (0.53, 0.077, 0.22, 0.074), (0.41, 0.81, 0.074, 0.3)), LCS((0.032,
0.49, 0.061, 0.042), (0.073, 0.051, 0.31, 0.05), (0.083, 0.078, 0.075, 0.70))}

Our aim is to diagnosis which patient is suffering from covid-19, for this purpose use several

similarities to analyze this problem.

From the tangent similarity formula, we compute the similarity between P; (i=1, 2, 3, 4, 5)
and Pjs as follows:
)=0.9148
T—prnuss(Pa, Par)=0.6182
Tm—pnass(Ps, Par)=0.2499
Tr—pnHSS(Pa, Par)=0.2030
Tm—prnuss(Ps, Pa)=0.9077

After that calculation we diagnosis that the first patient is suffering from covid-19, and his

Ty—pnuss(P1, P

condition is severe. The fifth patient is also suffering from covid-19. The second Patient also
having some symptoms of covid-19 he needs to adopt the preventing measures. Third and

Fourth Patients are suffering from seasonal temperature.

From the ye similarity formula, we compute the similarity between P; (i=1, 2, 3, 4, 5) and

Py as follows:
SyempNHSS(P1, Par)=
SyempNHSS (P2, Par)=0
SyempNHSS(P3, Par)=
SyempNHSS (P4, Prr)=

S ( )=

yemPNHSS(Ps, Py
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TABLE 1. Several Similarity Measures

Patient Tangent Ye Similar- Cosine
Similarity ity Similarity

Py 0.9148 0.8377 0.9961

Py 0.6182 0.3195 0.9599

Ps 0.2489 0 0.7727

Py 0.203 0 0,7342

Ps 0.9077 0.8248 0.9864

After that calculation, we diagnosis that First and Fifth patient is suffering from covid-19.
The second Patient also having some symptoms od covid-19 he needs to adopt the prevention

measures. This Similarity is not useful to the diagnosis of covid-19 for the Third and Fourth.

From the cosine similarity formula, we compute the similarity between P; (i=1, 2, 3, 4, 5) and
Py as follows:
Cmpnuss(P1, Pa)=0.9961
CmpNuss(P2, Pr)=0.9599
Cmpnuss(P3, Par)=0.7727
( )
(

Cmpnuss(P4, Pas)=0.7342

Cmpnass(Ps, Par)=0.9864
After that calculation, we diagnosis that the first patient is suffering from covid-19, and his
condition is severe. The fifth and second patient is also suffering from covid-19. The third
and fourth patients also having some symptoms od covid-19 he needs to adopt the prevention

measures.

4.11. Tabular and Graphical Representation

A comparison among several similarities also expressed through tabular and graphical rep-

resentation for quick analysis.
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Comparison of Several Similarity
Measures

1.2

08 .\

2\

E-E \ —#— Tangent Similarity
< =l Ye Similarity

0.4

) \\j/ Cosine Similarity
0.2

5. Conclusion

Similarity concept is extremely beneficial in MCDM, management problems, personal selec-
tion, coding theory, medical diagnosis, and feature extraction,etc. The aim of this paper is to
establish Tangent, Cosine, Ye similarity measures of multi-polar neutrosophic hypersoft sets.
This extension can be applied immensely in decision-making problems, management problems,
time series, forecasting, and supply chain, etc. Coronavirus disease 2019 (Covid-19) is an in-
fectious disease caused of ongoing pandemic. In the end, we applied this technique in medical
diagnosis of covid-19 to show the practical application of this idea. In future, we would like
to generalize entropy measure, TOPSIS, VIKOR, etc of m-Polar and Bipolar neutrosophic
hypersoft sets. These concepts will be extremely useful for solving the problems having large

number of attributes.
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Abstract: The soft set is inadequate to tackle the problems involving attribute-valued sets.
Hypersoft set, an extension of the soft set, can tackle such issues efficiently. This work aims to
adequate the existing concepts of mappings on fuzzy soft and soft classes for multi attribute-valued
functions. First, mapping is characterized under a hypersoft set environment, then some of its
essential properties like HS images, HS inverse images, etc., are developed with more generalized
results. Moreover, practical application and comparative study is given to show the validity and
predominance of the proposed technique.

Keywords: Fuzzy soft classes; Soft classes, Hypersoft set, Hypersoft classes, Hypersoft images, Hypersoft
inverse images.

1. Introduction

For solving multifaceted problems in robotics, engineering, shortest-path selection, economics, and
the environment, we cannot practice the conventional means successfully. Despite the variety of
incomplete information, there are four theories specific to these problems Probability set theory
(PST), Fuzzy set theory (FST) Zadeh [1], Rough set theory (RST) Pawlak [2] and Period mathematics
(PM) can be assumed as a mathematical tool for dealing with lacking information. Every one of
these apparatuses acquires the pre-determination of few parameters, to begin with, density function
(DF) in PST, membership degree in FST, and a congruence relation in RST. Such a prerequisite,
observed in the scrim of flawed or deficient information, escalate numerous issues. Simultaneously,
fragmented information stays the most glaring attribute of humanitarian, organic, monetary, social,
political, and large man-machine frameworks of different kinds. Heilpern [3], presented the idea of
fuzzy mapping and demonstrated a fixed-point theory for fuzzy contraction mappings, which
speculates the fixed-point hypothesis for multi-valued mappings of Nadler [4]. Estruch and Vidal
give a fixed-point theory for fuzzy contraction mappings over a complete metric space, which is a
generalization of the fundamental Heilpern’s fixed point hypothesis [5]. In the pioneer research of

Zhu and Xiao [6] they have examined the convexity, and quasiconvexity of fuzzy mappings
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by considering the idea of ordering due to Goetschel-Voxman [7]. Syau [8] demonstrated the
idea of convex and concave fuzzy mappings. Syau [9], presented the idea of differentiability,
summed up convexity e.g., pseudoconvexity and invexity for fuzzy mappings of a few factors.
His methodology is equal to Goetschel- Voxman approach for fuzzy mapping of a single variable
in which the arrangement of fuzzy numbers is embedded in a topological vector space.
Molodtsov |10] successfully implemented soft set (SS) theory in several directions likes the
ease of function, Riemann integration (RI), Peran integration (PI), Probability theory (PT),
Measurement theory (MT) and so on. Hopeful results have been found by Kokovo et al. [11].
The SS theory is used for the process of optimization in Optimization theory (OPT), Game
theory (GT), and Operations research (OR). Maji et al. [12] presented S-sets applications
in decision-making problems. In [13], Yang et al. highlighted the requirements of S-sets in
engineering extended applications. Maji et al. [14] presented the concept of fuzzy SS and its
many features. They proposed it as an attractive enlargement of S-sets, additional features
to uncertainty and ambiguity on the highest level of incompleteness. Present researches have
explained [15,/16] how to combine the two ideas into a more flexible, high expression structure
for modeling and refined foggy data in the information system. The concept of SS is applied
to solve a lot of problems in [17H23].

Karaaslan [24] presented the soft class and its relevant operations. He applied its utilizations
in decision making successfully. Athar et al. [25,26] presented the concept of mappings on
fuzzy soft classes and mappings on soft classes in 2009 and 2011 respectively. They considered
S-images’ properties, S-inverse images, fuzzy SS, fuzzy S-images, fuzzy S-inverse images of
fuzzy S-sets, and illustrated these concepts with examples and counterexamples.

Alkhazaleh [27] et al. introduced the notion of a mapping on classes where the neutrosophic soft
classes are collections of the neutrosophic soft sets. Additionally, they characterized and study
the properties of neutrosophic soft images and neutrosophic soft inverse images of neutrosophic
soft sets. Sulaiman [28] et. al presented the idea of mappings on multi-aspect fuzzy soft classes.
They explored a few properties related to the image and pre-image of multiaspect fuzzy soft
sets and further illustrate with some numerical examples. Maruah [29] et. al characterized the
notation of mapping on intuitionistic fuzzy soft classes with some properties of intuitionistic
fuzzy soft images and inverse images. Manash et al. [30] gave the idea of composite mappings
on hesitant fuzzy soft classes in 2016 and discussed some interesting properties of this idea.
Samarandache |31] introduced the concept of HS set as a generalization of soft set in 2018.
At that point, he made the differentiation between the sorts of initial universes, crisp, fuzzy,
intuitionistic fuzzy, neutrosophic, and plithogenic respectively. Thus, he also showed that
a HS set can be crisp, fuzzy, intuitionistic fuzzy, neutrosophic and plithogenic respectively.

Saeed et al. [32] explained some basic concepts like HS subset, HS complement, not HS set,
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union, intersection, HS set relation, sub relation, complement relation, HS representation in
matrices form and different operations on matrices. In this study, an extension is made in
existing literature regarding mapping on fuzzy soft and soft classes by defining mapping for
HS classes. We develop some properties of mapping on HS classes like HS images, HS inverse
images. Moreover, a practical application and comparative study is given to show the validity
and predominance of the proposed technique.

The ordering of remaining article is sort out as follows. In Section 2, some basic definition
regarding soft set, soft class, soft image, soft inverse image, HS set, HS relation and HS function
are re-imagined. In Section 3, mapping on HS classes, HS image, HS inverse image and its
relevant theorems with proofs are characterized. In Section 4, a practical application is given
to show the validity of the proposed approach. In the last section, some concluding remarks

are described.

1.1. Motivation

In a diversity of real-life applications, the attributes should be further sub-partitioned into
attribute values for clear understanding. Samarandache [31] fulfilled this need and developed
the concept of the HSS as a generalization of the SS. Now, It will be a question that how
and where it tends to be applied? HSS set is significant? How do we define mappings for
HSS classes? To answers these questions and getting inspiration from the above writing, it
is relevant to broaden the idea of mappings for those sets managing disjoint arrangements of
attributed values, i.e., HS set. In this investigation, an extension is made in existing theories
with respect to mappings on fuzzy soft and soft classes by characterizing mappings on HS
classes. The striking component of mappings on HS classes is that it can mirror the inter-
relationship between the multi-attribute function. Moreover, specific generalized properties
of mappings on HS classes like HS images and HS inverse images, are established since it is
not yet characterized. Some related results are proved with the help of illustrative examples.
Moreover, a practical application and comparative study is given to show the validity and

predominance of the proposed technique.

2. Preliminaries

In this section, some basic definition is presented over the universe U.

Definition 2.1. [10] A pair (5, ;1) is said to be soft set over U, where  is a mapping in such
a way

¢:A— PW),
In other words, a soft set over Uis a parameterized family of subsets of the universe. For

cc A ¢ (¢) may be considered as the set of € approximate elements of the soft set (5 , /Vl)
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Definition 2.2. [24] Let U consider as initial universe, suppose O be set of parameters, and
let / ={&:1=1,2,...,n} be a set of decision makers. Indexed class of S-sets {1552 : 1§<~1 10—
P([?),gvi € [} is said to be soft class and is denoted by 1§,~. If, for any <; € [, 1551 = ®, the SS
G ¢ .

Definition 2.3. [26] Let (R,0) and (&,0’) be two classes of S-sets over the universal set
R and © respectively. Let [ : R - @ and 7 : O — o be mappings. Then a mapping
= (j1,5) : (R,0) — (3,0 is defined as, for SS (A, R) in (R,0) and J(A,N) is SS in (g,0)
obtained as follows, For 3 € %(9) C o and 4 € ¢, then

@)@, i) £ e,
é(ﬁv &)(B)(?j) = ,.vyfl(B) N & 7& d (1)

K¢
g
C
I C
-
S
Y
Qc
m
2
~C
E(
)]
Zc
Stc

0 if otherwise

J(h,R) is called a soft image of SS (/, R).

Now, let (£,S) a SS in ($,0'), where S C O’ then 97(Z,S) is a SS in (R, ) given as follows,

(2)

if otherwise

where & € 571(S) € O, then 971(£, ) said to be the soft inverse image of (£, ).

Definition 2.4. [31] Let 61,09,03, - ,0, be the distinct attributes whose corresponding
attribute values belongs to the sets 51,52,53, “ee ,én respectively, where O; N 5j = & for
i #* j. A pair (T, J ) is called a HS set over the universal set U , where T is the mapping given
by T :J — P(U), where J = O x D3 X D3 X ... X D,,. For more definition see [3235].

Definition 2.5. [32] Let (h,X) and (£, S) be the two HS sets over the same universal set U.
Then the relation from (h,R) to (¢, %) is called a HS set relation (R, C) or it is in simple way
R is a HS subset of (7, RN) x (£,S), where C C R x S and V (4,b) € C R(a,b) = H(d,b), where
(H,R x &) = (A, R) x (£,3). A HS set relation on (i, R) is a HS subset of (h,R) x (h,R). In
similar way, the parameterized form of relation R on the HS set (ﬁ, &) is defined as follows.
If (B, R) = {A(a), A(b), ...}, then h(a)RA(b) < h(a) x A(b)) € R.

Definition 2.6. [32] Let (h,X) and (£, S) be the two HS sets over the same universal set U.
Then the HS relation from(f, N) t

HS set function.

o (£,3) can be symbolize as 9 : (A, R) — (£,S) is called a

(1) If every element in the domain of ¥ has unique element in range of ¥.
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(2) Ifit is closed A(a)04(b) i.e A(@) x £(b) € U then we can represent it in the form J(f(d)) =
(®)

3. Mappings on Hypersoft Classes

In this section, mapping on HS classes, HS image, HS inverse image and its relevant theorems

with proofs are characterized. Throughout this section, consider 51 X DUQ X 53 X oo X O =

e

M
D’IX,D’Qngx...xDu;z:f(, ﬁlxﬁgxﬁgx...x&n:&, §1x§2x§3x...x§n:§,
(a1, q2,a3, ..., 0pn) = & and (B1, B2, B3, .-, Bn) = B.

Definition 3.1. Suppose U be an initial universe, let €1, €9, €3, - - , €, be the distinct attributes
whose attribute values belongs to the sets 51, 52, 53, ‘e ,én respectively, where 51 N éj =
for i # j, let F = {i: i=1,2,.., n} be a collection of decision makers. Indexed class of HSS
{0z 0z : J— P(U),& € F}, where J = D1 X D X D3 X - -+ X Oy, is said to be HS class and it
can be symbolized in such a form éﬁ. If, for any & € F, 1551 = &, the HSS 159 ¢ 1%.

Example 3.2. Let R = {a = Line Interactive, b= Standby-Ferro, ¢ = Delta Conversion On-
Line} be types of UPS (Uninterruptible Power Supply) is considered as universe of discourse.
Let €; = efficiency, e = size, €3 = colour, distinct attributes whose attribute values belong to
the sets D1,02,03. Let O, = {# = Good, ¥ = Very Good }, 0y = {#3 = medium, ¥4 = small},
O3 = {75 = brown } and let f = {¢, 1,8} be a set of decision makers. If we consider HS sets

Y&, V%, U3 given as

192“1 = {((7&177—3’7&5)7{&5})7((7%1’7%477!5)7{5})7((7—2’7—377—5) { é})’((%277u—4’7u—5)7{5})}’
do = {((F1,75,75),{6,8}), (F1, 74, 75), {a}), (P, 75, 75), {@, €}), (P, 74, 75), {D})},
{(F1, 73, %){¢, a}), (F1, 71, %5), {0}), (2, 75, %5), {0, ), (P, 74, 75), {€}) },

e
then ﬁp = {1921, 192«2, 1923} is a HS class. Now let
g%‘l - {((7%177&37%5)7{6})7((7\:17%477\15)7{6})7((7—277%377%5)7{576’ )7((72277\1—47%5)7{6})}7

g2 = {((F1,75,75),{c}), (F1, 74, 75), {B}), (Fo, 73, 75), {B, 1), ((Fa, 7, 75), {ED) ),
gs3 = {((%17%3a%5)7{5})’((%17%47%5)7{B})a((7&277!377!5%{&75})7((7!%7&477%5)’{&})}7

is also HS class. Then HS classes can be written as {192»1, 19%2, 1923},{9&1, 952,93}

Definition 3.3. Let (R,.J) and (¢, K) be two classes of HS sets over the universal set & and
¢ respectively. Let ji : ® — ¢ and ¥ : J — K be mappings. Then a mapping J = (f,7%) =
(R,J) — (p, K) is defined as for HS set (%, X) in (R, J) and (A, R) is HS set in (, K) obtained
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as follows, For 3 € ¥(J) C

FT1B) NR £ @ (3)

0 if otherwise
J(h,R) is called a HS image of HS set (A, R).

Definition 3.4. Let (R, J) and (¢, K) be two classes of HS sets over the universal set & and
© respectively. Let fi : R — ¢ and 5 : J — K be mappings. Now, let (E, §) be a HS set in
(o, [?), where S C K then 15*1(5, @) is a HS set in (?v%, j) defined as follows,

it otherwise
where & € ¥71(S) C J, then 971(/,S) said to be the HS inverse image of HS set (£, S).

Example 3.5. Let R = {a = Line Interactive, b = Standby-Ferro, ¢ = Delta Conversion
On-Line} and ¢ = {# = Microwave cum Convection, § = Conventional oven, Z = Convection
oven } be types of UPS (Uninterruptible Power Supply) and Ovens respectively, considered as
universes of discourses. A Marketing manger wants to know the relationship between UPS and
Ovens characteristics which will be more effective regarding his marketing. Let ¢; = efficiency,
€2 = size, €3 = colour, ¢4 = price and by = efficiency, by = colour, by = price, by = size be
the two types of distinct attributes whose attribute values belong to the sets 51, 52, 53, [54 and
D, 0h, 0%, 0, respectively. Let 01 = {# = Good, % = Very Good}, Dy = {3 = medium,
#, = small }, O3 = {# = brown } 04 = {# = low price }. Similarly, 9} = {#] = Good, 7 =
effective }, 0y = {# = black, 7}, = white }, D4 = {# = low price } ) = {# = medium }
and (R,01 X 02 x I3 X 04) and (P, D] x J4 x D5 x ) be the classes of HSS. Let fi : ® — @,
5101 X Dy X D3 X D4 — D) X Dy X D4 x ) be mappings as follows ji(@) = %, ji(b) = ¥, ju(¢) = §

and
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(73,&1 X&QX&gX&zL):

U, 73,75, 71} = @,
{71, 70,75, 77} = {a},
{2, %1, 75,70} = {a,b,¢}}
(Z,§1 x§2><§3><§4) =
{n' w7y = {29}
{(n a4 %7%Y = g},

For a HS set (ﬁ, Ny x Ry x N3 x 2:24) in (§fﬁ, O1 X D9 X D3 X 54), then the HS image can be written
as (75(73,&1 X Ry X N3 X &4),51 X Dy X D3 X 54) is a HS set in (g, 5’1 X 5’2 X 5g X éﬁl), where
(91 % D2 x O3 x D4) = F(Ry x R x Vg x Ry) = {(', 7%/, 7%, 7). (7', 7,7, 7))} obtained as

follows:

v v o o o o v v o WY
ﬁ,leNQXN3XN4),E>1X92X93X94)(7’1,T3,T5,7’7)

I
—~

v

Uaes—1(1/ 7' 757 4/ )N xR xR xm)h(a)) ()

C

Ude{(#1,75,%5,77),(Fa,74,75,77) } 5(07)> (3)

v

ﬁ(%la 7237 7&57 7\17) U ’%‘(%Qa 7v_47 %57 7\17)> (g)

C

I
C
N TN /XS

® U {a,b, é})> (%)
2}

|
—
¢

% ) % %

(1;(/%,,&1 X &2 X &3 X &4),91 X DQ X D3 X 94)(781/,%3/,%5/,%7/) = {Z\],E}

Similarly,

Now for HS inverse image,

v 9 v v

25_1((5, %1 X %2 X %3 X §4),@1 X @2 X @3 X @4)(’732,734,755,%7) = {l;, é}

where

@1 X @2 X @3 X @4 = ﬁil(gl X %2 X %3 X %4) = {(732,754,785,737)}.

Definition 3.6. ¥ : (R, J) — (¢, K) be a mapping and (%, ) and (7, $) be the two HS sets in
(R, J). Then for 3 € K, HS union and intersection of HS images of (i, R) and (¢,S) in (R, J)
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are defined as;
(B(h,R) UI(L, $))(B)
(9(h, R) NI, 3))(B)

J(h, )
J(h, R

~—
~~
~—

Definition 3.7. 9 : (R,J) — (¢, K) be a mapping and (i, R) and (£,S) be the two HS sets

in (R,.J). Then for & € J, HS union and intersection of HS inverse images of (A, X) and (/, $)

v

in (R, .J) are defined as;

Theorem 3.8. Let 0 : (ﬂv%, j) — (g, Iv() be a HS-mapping, let (73,&), (e, @) be the two HS sets
in (R, J) and with (h;,X;) as the family of a HS sets in (R, J) we have,

(1) 9(®) =0

(2) I(R)Cp

(3) Y((h,X) U (£,9)) = I(h,R) U, ). Generally, H(U;(hi, N;)) = Ui (hy, N;).

(4) I((h,N) N (£,3)20(h,R) NI, ). Generally, 9(N;(hi, X;)) SNl (B, X;)

(5) If (B, R)C(0,S) then J(h,R)CH(,S)

Take

P, Otherwise
()
where
1) if ve (R-9)
. (&) if e ($—N)
S(a) =4 ) . (6)
Ma)ul(a) ifae (SNN)
L.H.S: For a non trivial case when 57 1(3) N (RUS) # &, we have 9((h, ®) U (£, $))(5)
h(a) ifae(®-3)n57(h)
—ji|ud i if & € (3 — %) n31(d) (7)
Aa)ula) ifae (RNS)NyL(A)
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R.H.S: for non trivial case, we have

ORIV = 0 Uy 1)) U Uy 8 = 1 Uy 1) Uy 1)

(&) ifae®=38) Ny 1(3)
—ilu! ia if & e (§—R) Ny L) (8)
Ma)ul(a) ifae RNS)Ny(B)

From [7] and [§] we have 3.
(4): for B € K and y € Y we have to show that

3, Otherwise,

Where S(&) = (&) N 4(&).
For the non trivial case, ¥~ *(8) N (RN ) #

v

IERO8)E) = 1 Unes-scnnioss 5@ ) =i Unes gy (@) Nl

(IR, %) N (1.9)(B) = n( Unermtsymgins) (@) N Z(d)))

P, Otherwise,
(10)

Neglecting the trivial case, we obtain
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) o (Ua@,l(é)m&ﬁ(d)) if 51 (B NR £ &
CD, Otherwise.
Then

9% v v v

(R R B) = it (Va1 (3yi(@)) St (Vs 13y l(@) ) = I S)(B).

(11)

This yields 5. In theorem reversible of (2) and (4) does not hold. It can be explain in the

following example.

Example 3.9. From example

@ ,«(Z 5(%) = {{(’fllla 7¥3/7 7:5/7 7¥7,) = {Zj? 5}7 (7¥2/> 7¥3/7 7¥5,7 7¥7/) = {ga é}a (7¥2/7 7¥4,7 7:5/7 7\:7,) = {ga

z}

}.

This indicate that reverse of (2) does not hold. Now we are going to show reverse of (4) also

does not hold. For this purpose we choose two HS sets in (3?%, 1 X D9 X D3 X 54) as
(A, Ry X Rg x V3 x Ry) = {(#1, 73, 5, 77) = @, (1,74, 75, 77) = {d},

(1,71, 75, 71) = {&, b, &}, (F2, 73, 75, 71) = {b}},

3 X §4) = {(7&177&357!577&7) = {5}7 (7!27%477&577&7) = {b7 é}}

69(
Gec

(E% 2 X

Then calculations indicate that

2

19(;1,&1 X &2 X &3 X &4) ﬁﬁ(g §

Q?(

9 X § § gZzS‘ ﬁ&1X&2X&3X&4) (Z§

%QX

Theorem 3.10. Let ¥ : (R, J) — (8, K) be a mapping, (h,X) and (/,3) be the two HS sets

u 9]

in (R,J) and the family of a HS sets (i, ¥;) in (R,.J) we have,

(1) 0-4®) =&

(2) 971(p) =R

(3) 9 1((A,X) U (£, ) = 01 (h,R) UO~1((,S). Generally, 9= (hi,N;)) = U~

(4) 97L((B,R) N (L, D)) = 9~ L (A, R) N9=L(, ). Generally, 91 (N(Fi, Ny)) = N =1 (1, Ny)
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(5) If (B, R)C(L,S) then 9-1((h,N)CO-1(L,S).

Proof. Here (1), (2) are trivial case,
(3): for & € J, we have to prove 9= 1((h,R) U (£, $))(&) = (01 (h, R) U9—1(Z, $))(&).
Take

where

R(3) if e R-S)
=it | S 4B) if §e(S-N) (12)

h(B) if 3 e (R-3)
S R if Be(S—N) (13)
Fe (S
Where 8 = %(&). From [12]and [13| we get (3).

Now for (4) we take & € .J

(5(
= o' (WB) N (B)),p(a) = B,
= i (R(B) N (4(B))
= (AR NI I))(@)

This gives (4).
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(5): for & € J, consider 91 (%, N)(&)

This yields (5).

4. Statement of Problem
4.1. Case study and Objective

Before starting a new construction business, it is essential to understand the investment
and work that is involved. Establishing a new business of any kind is never easy, and there
are always things to consider that may or may not be at the forefront of one’s mind, even an
experienced entrepreneur. Are you ready to launch your construction startup? Here are ten

things that should be at the foundation of your plans.

(1) Put Together a Solid Business Plan
2
3
4
)

Find a Good Home Base for Your Startup
Get Your Legal Ducks in a Row
Understand Your Tax Requirements
Understand Your Insurance Responsibilities

6) Network With Suppliers, Business Associates, and Other Contractors

(
(
(
(
(
(
(8) Establish an Advertising and Marketing Budget
(9) Allocate Funds for Construction Software
(10) Access Small Business Loans and Financing
(11

(12) Stay involved.

)
)
)
)
)
7) Decide Whether to Hire Employees or Contractors
)
)
)
) Be organized.
)

and ten big challenges a construction company may face.

(1) Lack of Skilled Workers
(2)
(3)
(4) Scheduling
(5)
(6)

Lack of Communication

Unreliable Subcontractors

5) High Insurance Costs

6) Changing Minds of Homeowners
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(7)

(8)

(9) The Blame Game

(10) Ever-changing Regulations

Available Cash

Document Management

A person decides to set a construction company. To tackle and plan for future he create an
interrelationship between the Construction Companies of two major economic bodies in the
world (China and U.S.) by considering multi-attribute function. For this, let X = {& = Beijing
Construction Engineering Group, b = Anhui Construction Engineering Group, ¢ = China State
Construction Engineering } and Y = {# = Kiewit Corporation, § =Skanska Construction, z =
Whiting-Turner Contracting Company} be the two universal sets of construction companies
China and U.S respectively. Let #; = Communication, &2 = Leadership, £3 = Standard, and
71 = Innovative, o = Planning, 3 = Budget potency be the two distinct attributes whose
attribute values belong to the sets El, Eg, Eg and E’l, E’g, El3 respectively, where By = {e1 =
Conciseness, & = Effective Communication, &3 =Low level Communication }, Fy = {&; =
Learning agility, é;5 = Influence}, Es = {é¢ = High Standard, é7; = Feasible} and E =
{(;’ 1 = relative advantage, e/s = compatibility}, E'y = {g’ 5 = Corrective Action Plan, ¢’y =
Traditional planning}, E’s = {e’s = High budget}.

Let t: X — Y, p: By x Fy x B3 — E'1 x E'y x E'3 be mappings as follows i(d) = &, 4(b) = ¢,

(&) = % and

respectively. This data can be encoded into two HSS from two classes (X, By x Ey x E3) and
(17, E'y x E'y x E"g) respectively,




Theory and Application of Hypersoft Set 188

(K, 51 x 39 x 53) = {(¢1,84,86) = {a,b},(é1,¢é4,¢7) = {b}},

(B, 00 x 2 % ) = {(6.85,¢85) = {2}, (&,8.8) = {29}, (&, ¢, &) = {2}}

9]

Then the HS image of (A, %] x 35 x ¥3) under
f:(X,Ey x By x E3) = (Y, E'y x E'y x E'3)
is obtained by
FIA B0 x 5o x 53 (&, 85, 85) = {3},
F(A, 51 % 2 x 55)(8), ¢),85) = {1}

FOA 1 x £y x 53) = {(¢), 8, ¢5) = {29}, (&1, &, &) = {§}},

which means that, with respect to the attributes values (Relative advantage, corrective action
plan, High budget ), Kiewit Corporation and Skanska Construction is best companies. On the
other hand, with respect to the attributes values (Relative advantage, Traditional planning,

High budget ), Skanska Construction is best. Similarly,

)

FHA, Q1 x Q x Q3) (81, 84, &) = {a, ¢
FHA, Y x Q x Q3) (61,84, 87) = {a, b, &}
FHA S x B9 x 83) = {(é1, 8, 86) = {a, &}, (61,84, ¢7) = {a,b,¢}},

which means that, with respect to the attributes values (Conciseness, Learning agility, High
standard), Beijing Construction Engineering Group and Anhui Construction Engineering is
best companies. On the other side, with respect to the attributes values (Conciseness, Learning
agility, Feasible), Beijing Construction Engineering Group, Anhui Construction Engineering

Group, China State Construction Engineering is best.

4.2. Comparative studies

In the following, few comparisons of the initiated techniques with shortcomings are talked
about to analyze the validity and predominance of the proposed technique. Additionally, we
will compare our proposed mappings based hypersoft classes with nine other existing theories,
Estruch and Vidal [5] give a fixed point theory for fuzzy contraction mappings over a complete
metric space, Syau [8] demonstrated the idea of convex and concave fuzzy mappings, Karaaslan
[24] presented the soft class and its relevant operations, including the idea presented by Athar
et al. [25,26] the concept of mappings on fuzzy soft classes and mappings on soft classes,
Alkhazaleh [27] et al. introduced the notion of a mapping on classes where the neutrosophic

soft classes are collections of the neutrosophic soft sets, Sulaiman [28] et. al presented the idea
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of mappings on multi-aspect fuzzy soft classes, Maruah [29] et. al characterized the notation
of mapping on intuitionistic fuzzy soft classes with some properties of intuitionistic fuzzy soft
images and inverse images, Manash et al. [30] gave the idea of composite mappings on hesitant
fuzzy soft classes in 2016 and discussed some interesting properties of this idea. However,
when the attributes are further sub-divided into attribute values then all existing theories are
fails to manage. This need is fulfilled in the proposed mappings based hypersoft classes, see
table [l

TABLE 1. Comparison of the proposed mappings based Hypersoft classes with

existing theories

SN References | Disadvantage Ranking
1 [5] lack of sub- partition values of parameter inapplicable
2 18] lack of sub- partition values of parameter inapplicable
3 [24] lack of sub- partition values of parameter inapplicable
4 [25] lack of sub- partition values of parameter inapplicable
5 [26] lack of sub- partition values of parameter inapplicable
6 [27] lack of sub- partition values of parameter inapplicable
7 [28] lack of sub- partition values of parameter inapplicable
8 [29] lack of sub- partition values of parameter inapplicable
9 [30] lack of sub- partition values of parameter inapplicable
10 Proposed Lengthy and heavy calculations in decision- | applicable

Method in | making

this paper

5. Conclusions

In this study, an extension is made in the existing mappings of fuzzy and soft classes to HS
classes. The presented work is more effective than the existing one. Some important proper-
ties and results are discussed with the support of illustrated examples. The future extension
can be made by developing such mappings on other hybrid structures of HS sets, topologi-
cal structures, algebraic structures, graph theory, computer science, Electromagnetic analysis
for detection, Rocket launch trajectory analysis, Materials science, Modeling of airflow over
airplane bodies and Behavioural sciences. Moreover, a practical application and comparative
study is given to show the validity and predominance of the proposed technique. This concept
may help the researchers in decision-making problems by considering disjoints sets of attribute
values rather than taking one set of parameters.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Hypersoft set is the generalization of soft set as it replaces single set of distinct attributes
with their corresponding disjoint attribute valued sets. This makes the hypersoft set more effective
and useful parameterized tool to tackle vague information. Rough soft set, the combination of
rough set and soft set, is studied by many researchers to undertake imperfect knowledge through
lower and upper approximations. But it is inadequate to deal with disjoint attribute valued sets. In
this study, this meagerness is addressed and rough hypersoft set is conceptualized with the
development of its lower and upper approximations. Moreover, some of its elementary properties
and results are discussed. A new algorithm is proposed to solve decision making problems and is

demonstrated with illustrative examples.

Keywords: Soft set, Rough set, Rough soft set, Hypersoft set, Rough hypersoft set.

1. Introduction

Zadeh's theory of fuzzy sets [1] is considered as mathematical tool to undertake many convoluted
problems involving various uncertainties in different branches of mathematical sciences. But this
theory is unable to solve these problems successfully due to the meagerness of the
parameterization tool. This inadequacy is addressed by Molodtsov known as soft set theory [2]
which is free from all such hindrances and appeared as a new parameterized family of subsets of
the universe of discourse. Rough set theory [3-4] is assumed to be a novel mathematical device to
tackle imperfect knowledge and vagueness through approximations. Rough soft set, a combination
of soft set and rough set [5] was proposed to ensure the adequacy of rough set for parameterization
purpose. This is achieved by developing lower and upper approximations for soft set. Rough soft
set is studied by many researchers [6-11] through different approaches with applications in certain

fields. The concept of hypersoftset asa generalization of soft set was proposed by [14]. Saeed
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et al. |15] extended the concept and discussed the fundamentals of hypersoft set such as hy-
persoft subset, complement, not hypersoft set, aggregation operators along with hypersoft
set relation, sub relation,complement relation, function, matrices and operations on hypersoft
matrices. Mujahid et al. |[16] discussed basic ingrediants for topological structures on the col-
lection of hypersoft sets. Moreover they introduced hypersoft points in different envorinments
like fuzzy hypersoft set, intuitionistic fuzzy hypersoft set, neutrosophic hypersoft, plithogenic
hypersoft set. Rahman et al. |[17] defined complex hypersoft set and developed the hybrids
of hypersoft set with complex fuzzy set, complex intuitionistic fuzzy set and complex neutro-
sophic set respectively. They also discussed their fundamentals i.e. subset, equal sets, null set,
absolute set etc. and theoretic operations i.e. complement, union, intersection etc. Rahman
et al. |18] conceptualized convexity cum concavity on hypersoft set and presented its pictorial
versions with illustrative examples.

Having motivation from the work described in [5], [14], |[15] and [16], we develop rough hyper-
soft set along with its some fundamental properties. Further we propose a new algorithm to
solve decision making problems and apply it for the best choice of chemical materials. This
work is the extension of existing concept [5] in the sense that it deals with attribute valued
sets instead of taking just attributes.

The rest of the paper is organized as: Section 2 recalls basic definitions from literature. Section
3 presents hypersoft upper set, hypersoft lower set and rough hypersoft set. It too presents
some important properties and results of rough hypersoft set. Section 4 presents application

of rough hypersoft set in decision making. Section 5 finally concludes the paper.

2. Preliminaries

Here we recall some supporting basic definitions and concepts from existing literature.

Definition 2.1. [3] A relation R on A # ) is called an equivalence relation on A if it is
reflexive, symmetric and transitive. We denote the equivalence class of an element y € S with

respect to R as R[y] and R[y] = {z € A : 2zRy}.

Definition 2.2. [3] A set W C U is said to be a Rough set w.r.t R on U, if

Ar(y) = R*(y) — Ru(y)
is non empty, where R,(y) = {y : Rly] € W} and R*(y) = {y : Rly] N W # (0} are lower
and upper approximation of W respectively. For more definitions and theoretic operations on

rough set, see [2].

Definition 2.3. [2]
A pair (¢, A) is called a soft set over U , if A C F and ¢ : A — P(U).We write ¢4 for (¢, A) .
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Definition 2.4. [12]

Let 14 and @p be soft sets over a common universe set U and A, B C E.Then we say that

e 14 is a soft subset of pp , denoted by ¥4 C pp,if
(1) AC E and
(2) ¥(e) Cpe)Vec A
e Y4 = pp, denoted by ¥4 = pp if Y4 C pp and pp C P 4.

For more definitions and operations of soft set, see [2], [12] and [13] .

Definition 2.5. [5] Let ¢ be a soft set and R be an equivalence relation on U then we define
_)

<
two soft sets ¢ : E — P(U) and ¢ : E — P(U) as follows.

and

— —
for every e € E. We call the soft sets ¢ and ¢, the upper soft set and the lower soft set
E E

respectively.

Definition 2.6. [5]
-

We say that a soft set g, is a Rough soft set if the difference v \ ¢ is a non-null soft set.
E E

Definition 2.7. [5]

By a Crisp soft set, we mean a soft set g such that

>~

SRSE
SASH)

Definition 2.8. [14]

Let A;,7 = 1,2,...,n, are disjoint sets having attributive values of distinct attributes a;,7 =
1,2, ...,n. Then the pair (¢, G), where G = A} x Ay X Az X ..... x A, and ¢ : G — P(U), is
called a hypersoft Set over U.We simply use 1 for hypersoft set.

More definitions and examples can be seen from [14]- [2§].

3. Rough Hypersoft Set

In this section, the lower hypersoft set ,upper hypersoft set and rough hypersoft sets are

defined. Some important results are established too.

Definition 3.1. Let R be an equivalence relation on U and ¢ is a hypersoft set then we

— —
define two hypersoft sets ¢ : G — P(U) and ¢ : G — P(U) as follows.

b(e) = R(%(e))
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and

— —
for every e = (ey, ez, e3,...,e,) € G. We call the hypersoft sets ¢ and v, the upper hypersoft
G G

set and the lower hypersoft set respectively.

—
Definition 3.2. We say that a hypersoft set 1) , a Rough hypersoft set if the difference 9 \ ¢
G G

is a non-null hypersoft set.

.

G

Definition 3.3. By a Crisp hypersoft set, We mean a hypersoft set ¢ such that

ORS N

— —
Theorem 3.4. If ¢g is a hypersoft set over U the universe set then ¢ C g C 1.
G G

Proof. Let ¥ be a hypersoft set over the universe set U and R be an equivalence relation on
U.Let x € R.(¢(e)) then R[z] C 9(e) for e € G and

Rlz]Nip(e) = Rlz] # 0
so x € R*(¢(e)) which implies
R.(1(e)) € R*(¥(e)) (1)

for every e € G.
If x € Ri(¢(e)) then R[z] C ¢(e) so x € ¥(e)
which implies

R.(1(e)) € ¥(e) (2)
for every e € G.
Let z € ¢(e), then x € R(z) N1 (e) so Rlx] Np(e) # O
which implies

z € R*(y(e))

therefore,

P(e) C R*(Y(e)) (3)
for every e € G.

From equations , and , we have
Ri(¥(e)) € ¥(e) € R*(v(e))

for every e € G.
It follows that

Qe
IN
<
Q
N

Qe |

Hence the theorem.
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Proposition 3.5. If ®¢ is the null hypersoft set and Xg is the absolute hypersoft set, defined
by g =0 and Xg = U for every e € G, then

Proposition 3.7. If wg and pg be two hypersoft sets then

—

SN
(1) e Upe = e U o

SN
(2) ve N CYe N e

(1) Te =
) S = e
(3) U= e = s
W o= fo e

4. Application of Rough Hypersoft set in Decision Making

Here a new decision making method is constructed for rough hypersoft sets to find v (e),
the appropriate material on ¥g w.r.t R on U and is illustrated by two examples.
Let 1¢ = (¢, G) be an original description hypersoft set over U. The proposed algorithm is

as under:
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TABLE 1. table for weighted hypersoft set .

U el e es €4
wq Wa w3 Wy
mi 1 1 0 0
ma 1 0 1 0
ms 0 1 0 1
my 1 1 1 0
ms 0 0 1 0
mg 0 0 0 1
mr 0 0 0 1
ms 0 1 0 1

Step 1: Take ¥ as input.
— +—
Step 2: Compute ¥ and @ on ¥, respectively.
G G
Step 3: Compute the different values of || ¢(e;) ||, where

D (eq] — | (e

_ G G .
0 1= -

where w; are assigned weights.

Step 4: Find the minimum value || 1(¢e;) || of || ¥ (e;) ||, where

I (en) ll= miniz || P(eq) || -

Step 5: The output is || ¥(e;) || -

Example 4.1. Let U = {mq, mgy, m3, mg, ms, mg, m7, mg} be the materials. A drug manufac-
turing company intends to select the most relevant material for its specific molecule structure.
The relevancy of these materials on basis of chemical properties is as under:

myp ~ ma,

ms ~ my ~ ms, and

mg ~ m7 ~ mg, where ~ is for close matching.

Now, there are four materials to be detected, denoted by G = {e; = (e11,€91),e2 =
(e11,€22),e3 = (e12,€21),e4 = (€12,€22)}, where G = E; x Ey with F; = {ej1,e12} and
Ey; = {ea1,e22}. And their ingredients are represented by v(e1) = {mi, mo, my},(e2) =
{m1, ms,ma,mg},¥(e3) = {ma, ms, ms}, and ¥(e4) = {ms, mg, m7, mg}, respectively.

Let following weights are allocated to each element in G: wy = 0.7 is for e,

wo = 0.5 is for es,

w3 = 0.6 is for e3, and

wy = 0.3 is for e4. Then we can find the table for weighted hypersoft set ¥g. According
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-
TABLE 2. table for hypersoft set .
G

0) e1 €2 es €4
w1 Wa w3 Wy
mi 1 1 0 0
mo 1 0 0 0
ms 0 1 0 0
my 0 1 0 0
ms 0 0 0 0
me 0 0 0 1
mr 0 0 0 1
ms 0 1 0 1

N
TABLE 3. table for hypersoft set .
G

0] el e es €4
wq Wa w3 Wy
my 1 1 1 0
mo 1 1 1 0
ms 1 1 1 1
my 1 1 1 1
ms 1 1 1 1
mg 0 1 0 1
mr 0 1 0 1
ms 0 1 0 1

— +—
to the proposed method and by definition (3.1)), we have two hypersoft sets ¢ and 1 over U.
G G
They are presented in Tables (6]) and (F)).
Now by applying proposed algorithm, we have,

[ ¥(er) [|= 0.7,

I 9 (e2) [I= 0.75,
I'¢(es) ||= 1.0, and
I 9(es) ||=0.215.

Thus the minimum value for || ¥ (e;) || is || ¥(es) ||= 0.215.
Which implies that 1 (e4) is the most appropriate and suitable one.

Example 4.2. A company is working on cancer drug discovery. Some materials can be checked
against a target on the basis of molecular structure. The materials under consideration are
given is the universe U = { My, My, M3, My, M5, Mg, M7, Ms}. The Company wants to choose

the best one material by observing following attributes of cancer
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TABLE 4. Table for weighted hypersoft set .

U e1 es es €4
w1y wWo w3 Wy
M,y 0.7 0.61 0 0
M, 0.8 0 0.4 0
M; 0 0.85 0 0.73
M, 0.5 0.43 0.6 0
Ms; 0 0 0.51 0
Mg 0 0 0 0.49
My 0 0 0 0.8
Mg 0 0.92 0 0.67

a1 = Tumors,as = Fatigue. The attribute values of the attributes are given in the set
correspondingly as,
E; = {benign(e;;), malignant(ej2)},
E5 = {mild fatigue(es;), severe fatigue(ess)}.
In terms of their chemical properties, we regard as My ~ Mo,
Mg ~ My ~ Ms,
and
Mg ~ M7 ~ Ms,
where ~ represent the chemical properties of these materials are equivalent.

Now, Set of materials to be under observation, is

G = {61 = (6117621),62 = (6117622)763 = (612,621)764 = (6127622)}7

where each G = E; x Ey with E; = {ej1,e12} and Eo = {ea1, e22}.And each kind of material
containing (e1) = { My, My, My}, (es) = {My, M3, My, Mg}, (es) = {Ma, My, M5}, and
Y(eq) = {Ms, Mg, M7, Mg}, respectively.

Let allocation of weights by the company to each element of G: w; = 0.81 is assigned to eq,
wg = 0.73 is assigned to eg,

w3 = 0.66 is assigned to ez, and

wy = 0.45 is assigned to ey.

Then we have tables (4]) for weighted ¥g. And J and ;Z over U, are presented in Tables (IEI)
and , respectively. Then we have ¢ ¢

| (er) I|= 0.2872,

| (e) I|= 0.1903,

| ¥(es3) ||= 1.0372, and

| 4(ea) f|= 0.1422.
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-
TABLE 5. Table for hypersoft set .
G

U e1 €2 es €4
w1 Wa w3 Wy
M, 0.7 0.61 0 0
My 0.8 0 0 0
Ms 0 0.85 0 0
M, 0 0.43 0 0
Ms; 0 0 0 0
Msg 0 0 0 0.49
My 0 0 0 0.8
Mg 0 0.92 0 0.67

%
TABLE 6. Table for hypersoft set .
G

U e1 e es €4
wq Wo w3 Wy
M, 0.7 0.61 0.7 0
M, 0.8 0.5 0.4 0
Ms 0.6 0.85 0.81 0.73
M, 0.5 0.43 0.6 0.63
Ms 0.67 0.3 0.51 0.5
Ms 0 0.7 0 0.49
My 0 0.65 0 0.8
Ms 0 0.92 0 0.67

Thus the minimum value for || 1(e;) || is || ¥(eq) ||= 0.1422.

This means that 1(e4) is the expected material for the drug discovery of cancer disease.

5. Conclusion

In this study, rough hypersoft set is conceptualized with the development of its relevant
lower and upper rough approximations. Some interesting results and properties are discussed.
Moreover, an application in decision making is discussed with the help of illustrative examples.
This work may help the researchers to extend the work for other fuzzy-like structures i.e.
Interval-valued fuzzy, Intuitionistic fuzzy, Pythagorean fuzzy, spherical fuzzy, neutrosophic
fuzzy etc. so that imperfect information may be handled properly with attribute valued
sets through lower and upper approximations. The proposed decision making algorithm may

further be applied to other daily life problems.




Theory and Application of Hypersoft Set 201

References

[1] Zadeh, L.A., Fuzzy sets, Inform. Control. 1965, 8, 338-353.

] Molodtsov, D., Soft Set Theory-First Results, Computer and Mathematics with Applications 1999, 37,
19-31.

Pawlak, Z., Rough Sets, International Journal of Computer and Information Sciences 1982, 11, 341-356.

~

©

[4] Pawlak, Z., Rough Sets Theoretical Aspects of Reasoning about Data, Kluwer Academic Publishers, Dor-
drecht 1991.
[5] Moinuddin, K., Rough Soft Sets: A novel Approach, International Journal of Computational and Applied
Mathematics and Systems 2017, 12(2), 537-543.
[6] Mohana, K., and Mohanasundari, M., On Some Similarity Measures of Single Valued Neutrosophic Rough
Sets, Neutrosophic Sets and Syst. 2019, 24, 10-22.
[7] Marei, E., Single valued neutrosophic soft approach to rough sets, theory and application, Neutrosophic
Sets Syst 2018, 20, 76-85.
[8] Hashim, H., Abdullah, L., and Al-Quran, A., Interval neutrosophic vague sets, Neutrosophic Sets and Syst.
2019, 25, 66-75.
[9] Samuel, A. E., and Narmadhagnanam, R., Pi-Distance of Rough Neutrosophic Sets for Medical Diagnosis,
Neutrosophic Sets and Syst. 2019, 28(1), 6.
[10] Alias, S., Mohamad, D., and Shuib, A., Rough neutrosophic multisets relation with application in marketing
strategy, Neutrosophic Sets Syst. 2018, 21, 36-55.
[11] Polkowski, L., Rough Sets, Mathematical Foundations, Springer Verlag, Berlin 2002.
[12] Maji, P.K., Biswas, R., and Roy, A.R., Soft set theory , Computer and Mathematics with Applications
2008, 45, 3029-3037.
[13] Li, F., Notes on the Soft Operations, Arpn Journal of System and Software 2011, 66, 205-208.
(14

Smarandache, F., Extension of Soft Set to Hypersoft Set, and then to Plithogenic Hypersoft Set, Neutro-

sophic Sets and Systems 2018, 22, 168-170.

[15] Saeed, M., Ahsan, M., Khubab, M.S., Ahmad, M.R., A Study of The Fundamentals of Hypersoft Set
Theory, International Journal of Scientific and Engineering Research 2020, 11.

[16] Abbas, M.; Murtaza, G.; and Smarandache, F., Basic operations on hypersoft sets and hypersoft point,
Neutrosophic Sets Syst. 2020, 35, 407-421.

[17] Rahman, A.U., Saeed, M., Smarandache, F., and Ahmad, M.R., Development of Hybrids of Hypersoft Set
with Complex Fuzzy Set, Complex Intuitionistic Fuzzy set and Complex Neutrosophic Set, Neutrosophic
Sets and Syst. 2020, 38, 335-354.

[18] Rahman, A.U., Saeed, M., and Smarandache, F., Convex and Concave Hypersoft Sets with Some Proper-
ties, Neutrosophic Sets and Syst. 2020, 38, 497-508.

[19] Saqlain, M., Jafar,N., Moin, S., Saced, M., Broumi, S. (2020). Single and Multi-valued Neutrosophic Hypersoft
set and Tangent Similarity Measure of Single valued Neutrosophic Hypersoft Sets, Neutrosophic sets and
Systems, 32,317-329.

[20] Saqlain, M.; Moin, S.; Jafar, M. N.; Saeed, M., and Smarandache, F. (2020). Aggregate Operators of Neutrosophic
Hypersoft Set, Neutrosophic Sets Systems, 32,294-306.

[21] Saqlain, M.; Saeed, M.; Ahmad, M. R., and Smarandache, F. (2019). Generalization of TOPSIS for Neutrosophic
Hypersoft set using Accuracy Function and its Application, Neutrosophic Sets Systems, 27,131-137.

[22] Martin, N.; Smarandache, F., Concentric Plithogenic Hypergraph based on Plithogenic Hypersoft setsA
Novel Outlook, Neutrosophic Sets Syst. 2020, 33(1), 5.

[23] Martin, N.; Smarandache, F., Introduction to Combined Plithogenic Hypersoft Sets, Infinite Study (2020).




Theory and Application of Hypersoft Set 202

[24]

[25]

[26]

27]

[28]

Rana, S.; Qayyum, M.; Saeed, M.; Smarandache, F.; Khan, B. A., Plithogenic Fuzzy Whole Hypersoft Set,
Construction of Operators and their Application in Frequency Matrix Multi Attribute Decision Making
Technique, Infinite Study (2019).

Martin, N.; Smarandache, F., Concentric Plithogenic Hypergraph based on Plithogenic Hypersoft setsA
Novel Outlook, Neutrosophic Sets Syst. (2020), 33(1), 5.

Saqglain, M.,; Xin, X. L., Interval Valued, m-Polar and m-Polar Interval Valued Neutrosophic Hypersoft
Sets, Neutrosophic Sets Syst. (2020), 36, 389-399.

Gayen, S.; Smarandache, F.; Jha, S.; Singh, M. K.; Broumi, S.; Kumar, R., Introduction to plithogenic
hypersoft subgroup, Neutrosophic Sets Syst. (2020), 33(1), 14.

Zulgarnain, R. M.; Xin, X. L.; Saqlain, M.; Smarandache, F., Generalized Aggregate Operators on Neu-
trosophic Hypersoft Set, Neutrosophic Sets Syst. (2020), 36(1), 20.




Chapter 1 1

A Novel Approach to the Rudiments of Hypersoft Graphs

Muhammad Saeed !, Muhammad Khubab Siddique 2, Muhammad Ahsan 2,

Muhammad Rayees Ahmad 3*, Atige Ur Rahman 3

1.23 Department of Mathematics, University of Management and Technology Lahore, Pakistan.

E-mail: muhammad.saced@umt.edu.pk , E-mail: khubabsiddique@hotmail.com , E-mail: ahsan1826(@gmail.com ,

E-mail: rayeesmalik.ravian@gmail.com , E-mail: aurkhb@gmail.com

Abstract: Graph theory, soft computing and machine learning are being used in our daily life
problems in the field of science involving mathematics, optimization and decision sciences. Zadeh
introduced the idea of fuzzy set. This idea helped Kauffman to present the concept of fuzzy graph.
Molodtsov presented the idea of soft set. Using this concept, Thumbakara et al. discovered a novel
idea of soft graphs and Akram et al. discussed the fundamentals of soft graphs. Smarandache
conceptualized the hypersoft set (HS) which is the generalization of soft set. Hypersoft set
transforms single attribute function to multi-attribute function. In this study, the existing concept
of soft graph is extended to HS-graph and some of its rudiments like HS-subgraph, not HS-graph,
HS-complete graph, HS-tree, etc., are conceptualized with the help of graphical representation and
illustrative examples. Moreover, some theoretic operations are discussed with generalized results
on hypersoft set. This study will help the researchers in multi-dimensional fields involving artificial

intelligence (Al), soft computing, graph theory and networking, data sciences, etc.

Keywords: Soft set, Soft graph, Hypersoft set (HSS), Hypersoft graph (HS-graph), Hypersoft complete
graph (HSC-graph), Hypersoft subgraph (HS-subgraph), Hypersoft tree (HS-tree).

1. Introduction

The world is full of uncertainties, complexities of incomplete network-based information with
vague data. To deal with such kind of uncertain environment, there must be a tool which handles
these kinds of problems very efficiently. To overcome this problem, Zadeh [1] introduced the idea
of fuzzy set in 1965. This idea was motivated Kauffman, who presented the concept of fuzzy graphs
using the notion of fuzzy set. Many researchers worked in this area and implement the new concept
to solve real life problems. Poulik et al. [3-7] has many researches on bipolar fuzzy graphs in

different environments and presented many applications in diverse fields of sciences.
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Molodtsov [8] introduced a novel notion of soft set theory in 1999. He used the idea of soft
set theory in several areas of mathematics including Riemann integration, theory of probability,
Perron integration, smoothness of functions effectively. Maji et al. [9] presented fundamental
study on soft sets including subsets, super set, equations and operations of soft set containing
union, intersection, complement and more among others in 2003. Pei et al. |10] described
the relationship with information system and soft sets in 2005. Ali et al. [11] presented some
new operations including restricted union, restricted intersection and their basics characteris-
tics in 2009. Babitha et al. [12] described the concept of soft set relation, soft set function,
equivalence soft set, ordering on soft sets, soft sets distribution, anti-symmetric relation and
transitive closure in 2010. Nagarajan et al. [13] studied the algebraic structure of soft set

theory.

There are lot of network applications in which the bulk of data is available but no tool
gave the solution to the problem properly. To overcome this situation, Thumbakara et al. [14]
presented the concept of soft graph as a parameterized family of graphs. Having motivation
from this work, Thenge et al. [15] contributed further to soft graphs including tabular repre-
sentation of soft graph, center, degree, radius and diameter of soft graph. Akram et al. [16]
explained the concept of vertex and edge induced soft graph. Ratheesh [17] worked on soft
graphs and their applications.

Smarandache [18], a pioneer of hypersoft set theory, generalized the soft set to hypersoft
set in 2018. He introduced the hybrids of hypersoft set with other sets. Fundamentals of
hypersoft set such as hypersoft subset, complement, not standard aggregation operators have
been discussed in [19]. Rahman et al. [20] defined complex hypersoft set and developed the
hybrids of hypersoft set with complex fuzzy set, complex intuitionistic fuzzy set and complex
neutro- sophic set respectively. They also discussed their fundamentals i.e. subset, equal sets,
null set, absolute set etc. and theoretic operations i.e. complement, union, intersection etc.
Rahman et al. [21] conceptualized convexity cum concavity on hypersoft set and presented its

pictorial versions with illustrative examples.

Having motivation from [17], [18] and [19], the novel notions of hypersoft graphs, hypersoft
subgraph, not hypersoft graph, hypersoft complete graph and hypersoft tree are proposed.
Moreover, some of their properties including intersection of hypersoft graphs, AND operation
of hypersoft graphs are discussed with the support of graphical representation and illustrative

examples.
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The overview of this paper is presented as follow.

In section 2, some fundamental definitions are recalled from literature to support main
results. Section 3 presents the proposed concept of hypersoft graphs, their properties and
some important results with their examples. At the end, the conclusion is presented in section
4.

2. Preliminaries

Here some important and most relevant definitions are recalled from literature regarding

soft sets and soft graph for clear understanding.

Definition 2.1. [§]
Let x be the nonempty finite universe, 7 be the set of attributes and S C 7. A pair (v, 5)
represents a soft set over x such that v:S — P(x).

Definition 2.2. [12]

Let (v1,J) and (2, K) be two soft sets over the same universe Y.

A soft relation R : (v1,J) = (72, K) is (R,L) with L C J x K, V (x,y) € L, there exist
R(z,y) = H(z,y) such that (H,J x K) = (y1,J) x (72, K).

Definition 2.3. [12]
A soft relation (R, L) is called a soft function, if every element of domain of R, a unique

element in range of R. If vi(x)Rvy2(y) for z € J and y € K then it can be represented
R(m(x)) = 72(y)-

For more detail, see [8,|9,11.|12].

Definition 2.4. [14]

Suppose that G = (V, T) represents the graph such that V and T represents the set of vertices
and edges of the graph respectively. Consider J C V such that J # ¢ and R is an arbitrary
relation such that R C J x V. Let a soft set is (,.5), then soft graph of G is represented by
(F,J), if the subgraph induced in G by F(z), implies that F(z) is a connected sub graph of
G, Vxel.

Definition 2.5. [14]
Let G = (F1, K1,J) and Gy = (Fy, K2, K) be two soft graphs of G. Then G3 is a soft sub
graph of Gy if

(1) K C J.

(2) Ho(x) is sub graph of Hy(z), Vz € K.
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Definition 2.6. [14]
Let (F,J) be a soft graph of G, then (F,.J) represents the soft tree F;(x), Vz € J.

For more definitions, see [14H17].

Definition 2.7. [1§]

Let 71,72, 73, ..., Tn be n-distinct attributes whose attribute values belongs to disjoint sets
J1, J2, Js, ..., J, Tespectively. A pair (v, J) is called a hypersoft set over the universal set x,
where 7 is the mapping given by v : J — P(U) such that J = J; x Jy X J3 X ... X Jp.

Definition 2.8. [19]

Let (v1,J) and (72, K) be the two hypersoft sets over the same universal sets x, where J =
Jpx Jyx J3x ... x J, and K = K1 X Ko x K3 X ... x K,. Then the relation from (v, J)
to (72, K) is called a hypersoft set relation (R, W) or it is in simple way R is a hypersoft
subset and it is denoted by (71, J) X (72, K), where W C J x K and V (z,y) € W , implies
that R(z,y) = H(z,y), where x = (z1,x2,23,...,2,) € J and y = (y1,¥2,Y3,--.,Yn) € K and
(H,J x K) = (1,J) X (72, K).

Definition 2.9. [19]

Let (v1,J) and (2, K) be the two hypersoft sets over the same universal sets y. Then the
hypersoft relation from (71, J) to (y2, K) defined as n : (71, J) — (72, K) is called a hypersoft
set function, if every element of domain has unique element in range of ~. If it is closed

Y1 (x)ny2(y) i.e y1(x) X y2(y) € n for x € J and y € K, then we can represent it in the form
n(n(z)) = 72(y).

For more detail regarding HS-set, see [18}/19].

3. Hypersoft Graph

In this section, we presents the HS-set, HS-graph,HS-intersection, AND operation, HSC
graph, HS-subgraph, HS-tree, and their fundamentals along with their related important re-
sults.

For this, let G = (V,T) be a simple connected graph. Let J = J; x Jy X J3 X ... x J, and
Ji CVwithi=1,2,...,nas ;NJj =09, i #J.

Definition 3.1. Let R be any relation with J and Vi.e. R C JxV. A function F': J — P(V)

represented as
Fz)={yeV|z Ry}, Vel

The pair (F,J) is hypersoft set over V.
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FiGure 1. HS-Graph

Definition 3.2. A HS-set (F, J) of G over V, represents the HS-graph, if F(z) is a connected
subgraph of G, induced by F(z), V x € J. A set containing all the HS-graphs is denoted by
H,G(G).

Example 3.3. Consider G = (V,T) as in figure We have V = {v1,va,v3,v4,05}. Let
J={J1,J2}, K ={K3,K4} and L = {L5} then
JXxKxL= {(J17K35L5)7 (JQ,K3,L5), (J17K47L5)7 (J25K47L5)}

= {'1717 €2,I3, 174}.

R= {(1‘1, U2)7 (xh U4)7 (x2> Ul)a ($27 U4)7 (1:37 U2)> (1‘3, U3)7 ($47 Ul)v ($4> U3)}

Then
F(&) = F(Ji, Jj, Jx)) = {§ € V|iRj & § & {vi, v, v} }
and
F(z1) = F((J1,J3,J5)) = {va, va},
F(x2) = F((J2, J3, J5)) = {v1, va},
F(xs) = F((J1,J4, J5)) = {va2, vs},
F(z4) = F((J2, J4, J5)) = {v1,v3}

Hence (F, A) € H;G(G).
Example 3.4. Suppose G = (V,T), represented as figure 2l We have V = {vy, v2, v3, v4,v5}.
Let J ={v1}, K = {vs,v3} and L = {v4, v5} then
M =J x K x L ={(v1,v2,v4), (v1,v2,v5), (v1,v3,v4), (v1,v3,v5)} = {z1, T2, T3, 24},
R ={(z1,v2), (x1,04), (x2,01), (T2, va), (23, 02), (3, 03), (T4, v1), (24,03)} S T XV
Then

F(x) = F((vi,vj,v)) = {y € V|zrRy — y & {vi, vj, vi}}
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FiGURE 2. Not HS-Graph
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and
F(x1) = F((v1,v2,v4)) = {vs, 5},
F(x2) = F((v1,v2,v5)) = {vs, v4},
F(x3) = F'((v1,v3,v4)) = {v2,v5},

F(‘T4) = F(('Ul,'l)g,’l}5)) = {'UQ, '1)4}.
As F((v1,v3,v4)) = {v2,v5} is not a connected subgraph of G. Hence (F,J) ¢ H;G(G).

Proposition 3.5. Fvery simple graph is HS-graph.

Proof. Let G = (V,T) be a simple connected graph and T # (). Let J = J; X Ja X J3 X ... X Jy,
where J; = {v;} for i = 1,2,...,n and a function is F': J — P(V) as

F((v1,v2,...,v,)) ={y € V| y = end vertex of edge T}

So, by definition of F(x), we have, for all z € A, (F,J) € H;G(G).

Remark 3.6. The intersection of HS-graphs is not necessarily a HS-graph.

Example 3.7. Let G = (V,T) as given in ﬁgure Let J = Jy x Jax J3, where J; = {v1}, Jo =
{U2}7 J3 = {’03}'

= F((U17U27U3)) = {y € V|J} Ry < min{d(vlyy)vd(v2>y)>d(v3>y)} < 1}
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FIGURE 4. AND operation of HS-Graphs

= F((v1,v2,v3)) = {v1,v2, 3,04, V5 }.

Suppose the function H by
H((v1,v2,v3)) = {y € V|zRy < min{d(v1,y), d(v2, y),d(vs, y)} > 1}

= H((v1,v2,v3)) = {v4, v5, 06}
= F((Ul,UQ,U3)) N H((’Ul,’Ug,’Ug)) = {U4, U5}

that is not induced connected subgraph of G.

Proposition 3.8. Let (F,J) and (H,K) € S,G(G) with JNK # 0, then F(x)NH(z) ¥V x €
J N K is a connected subgraph of G such that

(F,J)n(H,K) € H:G(Q).
Proof. For (F,J) and (H, K) € H;G(G), we have
(F,J)Q(H,K) :(ch) ,C:JQK#@

and
x(T)=F(T)NH(T), YTeC.

Let x € C = J N K. As considered by x(z) = F(x) N H(z) is a connected subgraph of G, so

(x,C)=(F,J)N(H,K) € H:G(Q).

Example 3.9. Suppose G = (V, T) as in figure[d] Let J = J; x Jo, with J; = {v1}, Jo = {va},
then J = {(v1,v2)} and K = K; x Ky, with K7 = {vs}, K3 = {v4}, then K = {(v3,v4)}.
Define a function F' by

F((x,y)) = {= € VI(@,y)Rz & = ¢ {z,y}}.
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FiGURE 5. HS-Subgraphs

Then
F(('Ul, UQ)) = {U37 U47 U57 vﬁ}a

F((v3,v4)) = {v1,v2, 05,6},
F((vi,v2)) A F((v3,v4)) = {05, 06}
which is not an induced connected subgraph of G. Hence (F,J) A (F,K) ¢ H;G(G).
Definition 3.10. If (F,J) and (H, K) are two HS-graphs then (H, K) be the HS-subgraph of
(F,J), if
(1) K CJ,
(2) H(x) is a connected subgraph of F(z), V z € K.

Example 3.11. Consider G = (V,T) as in figure 5| Let
V = {v1,v2,v3,04}

and

J =J1 x Jo with J; = {v1,v9,v3}, Jo = {v4}, then J = {(v1,v4), (v2,v4), (v3,v4)}
and

K = K x Ko, with K1 = {v1,v2}, Ko ={uvs}, then K = {(v1,v4), (v2,v4)} C J.
Now define function F' by,

F((z,y)) ={z € V|(z,y)Rz & d(z,) <1 where { € {z,y}}

Then
F((v1,v4)) = {v1,v2,v4}, F((v2,v4)) = {v1,v2,v3,04}
and
F((vs,v4)) = {v1,v2,v3,04}.

Suppose a function H : K — P(V) by

H((z,y)) = {z € V|(z,y)Rz & d(z,f) < 1, wheret € {z,y}}.
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FIGURE 6. HS-Tree

Then H((v1,v4)) = {vi,v4} and H((v2,v4)) = {v2, va}.
Therefore (F,J), (H,K) € H;G(G). Here K C J and H(z) is a connected subgraph of
F(z), Vo € K. Hence (H, K) is a HS-subgraph of (F,.J).

Definition 3.12. Let (F,J) be a HS-graph of G, then (F,J) represents the HS-tree V z € J.
Example 3.13. Consider G = (V,T) as in figure [6] Here
V = {vy,v2,v3, V4, U5}
Let J; = {v1,v2}, Jo = {vs}, J3 = {vg,v5}, then
J =J1 x Jo x J3 = {(v1,v3,v4), (v1,03,05), (V2, V3, 04), (V2, V3, 05) }.
Define a function F': J — P(V) by
F(x) = (vi,vj,vx) = {y € V|zRy & y & {vi,vj, v} }.

Then
F((v1,v3,v4)) = {v2, 05}, F((v1,v3,05)) = {va,v4},

F((U2a U3, U4)) = {,Ula ’U5},
F((v2,v3,v5)) = {v1,v4}
Here F(x), Vx € J is a tree. Hence (F,J) is a HS-tree.
Theorem 3.14. Every member in set of HS-graph of trees is also a HS-tree.

Proof. Proof is straight forward.

Remark 3.15. A HS-graph (F,J) is a HS-tree iff F(z) is acyclic.

Definition 3.16. Let (F,J) be a HS-graph, then (F, J) represents a HSC-graph, if the graph
F(z) is complete for all z € J.
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Figure 7. HS Complete Graph

Example 3.17. Consider G = (V,T) as in figure
Here V = {v1,v2,v3,v4,v5}. Let J; = {v1,v2}, Jo ={vs}, J3 = {vs}, then
J=J1 x J2 x J3 = {(v1,v3,v4), (v2,v3,v4) }.
Then we have
F:J1><J2XJ3—>P(V)
by
F(z) = F(vs,vj,v,) ={y € V|zRy <y € {vi,vj, v} }
Then F((vi,v3,v4)) = {v1,v3,v4}, F((v2,v3,v4)) = {v2,v3,v4}. Since F(z) is complete V x €

J. Therefore (F,J) is a HSC-graph.

Proposition 3.18. Let G = (V,T) is a complete graph. Then every HS-graph in H;G(QG) is
a HSC-graph.

Proof. Let (F,J) € HysG(G). Since it is known that every induced subgraph of a complete
graph is complete, therefore F(z) is a complete subgraph for all x € A. Hence (F,J) is a
HSC-graph.

Remark 3.19. A HS-graph (F,J) is a HSC-graph iff F(x) is complete for all x € J.

Example 3.20. For the same figure [7] if we take V and J same as example [3.17] and define
F:J— P(V)as

F(z) = F(vi,vj,vc) = {y € V|zRy < y & {vi,vj, v} } (1)

then
F((v1,v3,v4)) = {v2,v5} (2)
F((va2,v3,v4)) = {v1,v5} (3)

Since F'((ve,vs,v4)) is not complete, so (F,J) € HsC(G). Hence the result is verified.




Theory and Application of Hypersoft Set 213

4. Conclusions

Mathematical modeling, graph theory, soft computing, machine learning involves in our
daily life which contains uncertain situations in the field of science. In this study, a novel
concept of hypersoft graph is developed by extending the existing concept of soft graph. Some
of the fundamentals, properties and the results of hypersoft graph and hypersoft tree are
discussed with the help of illustrated examples and graphs. Further extension can be sought
by introducing new hybrid structures with hypersoft graph. This novel concept is very useful in
developing new algorithms in the fields of artificial intelligence, machine learning, networking,
soft computing, etc.
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Abstract: In this study, we redefine some operations on the neutrosophic hypersoft sets differently
from the study [26]. Some basic properties of these operations have been characterized. Under the
guidance of these redefined operations, we introduced the neutrosophic hypersoft topological
spaces. Finally, on neutrosophic hypersoft topological spaces, we present simple concepts and
theorems.
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hypersoft interior; neutrosophic hypersoft closure.

1. Introduction

Complexity typically emerges out of confusion in the context of ambiguity in the real world. The
challenges of modeling ambiguous data are discussed regularly by researchers in economics,
history, medical science and many other areas. Classical approaches do not necessarily provide
fruitful outcomes and there can be various forms of unknown presence in these domains. The
theory of probability has become an age-old and powerful method to work with ambiguity, but it
can only be extended to the random process. After that, to solve unknown problems, evidence
theory, fuzzy set theory by Zadeh [32], and intuitionistic fuzzy set theory by Atanassov [4] were
introduced. But each of these hypotheses, as Molodtsov [15] points out, has underlying difficulties.
The underlying explanation for these problems is the inadequacy of the theory’s parametrization
device.

The soft set theory was introduced by Molodtsov [15] as a new mathematical technique
away from the parametrization inadequacy syndrome of multiple theories dealing with instability
in 1999. This makes the theory, in practice, very convenient and easily applicable. Molodtsov [15]
successfully applied many criteria for soft set theory applications, such as function smoothness,
game theory, operational analysis, Riemann integration, integration and probability of Perron, soft
set theory and its implementations are now evolving quickly in numerous fields. Shabir and Naz

[27] introduced soft topological spaces and defined some notions of soft sets. In addition,
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topological structure of the fuzzy, fuzzy soft, intuitionistic fuzzy and intuitionistic fuzzy soft sets
have been defined by different researchers [2, 5, 7, 8, 12, 31].

The neutrosophic sets (NS) was first proposed by Smarandache [28, 29]. This is a classical set
generalization, a fuzzy set, an intuitionist fuzzy set, etc. Later, a combined neutrosophic soft set
(NSS) was proposed by Maji [13]. The topological structure on neutrosophic soft sets is defined by
Bera [6]. Due to some structural deficiencies in the study [6], it was necessary to redefine some
concepts on neutrosophic soft sets. Therefore, Ozturk et al. redefined operations on neutrosophic
soft sets and studied neutrosophic soft topological spaces, neutrosophic soft separation axioms [3,
19]. Also several mathematicians have developed their research work in various mathematical
systems using neutrosophic sets, neutrosophic soft sets etc. [3, 11, 14, 16-21, 24].

Smarandache [30] generalized the notion of a soft set to a hypersoft set by replacing the
function with a multi-argument function specified in the cartesian product with a different set of
parameters. This idea is more versatile than the soft set and more applicable in the sense of decision-
making issues. Hypersoft set structure has attracted the attention of researchers because it is more
suitable than soft set structure in decision making problems. Although it is a new concept, many
studies have been done and the field of study continues to expand [1, 10, 22, 23, 25, 26, 33].

Due to some structural difficulties in the study [26], some problems were encountered in
defining the neutrosophic hypersoft topological structure. For this reason, there was a need to
redefine some concepts. In this study, firstly, basic operations on neutrosophic hypersoft sets such
as complement, union, intersection, AND, OR are re-defined differently from [26] study and several
properties have been characterized. After that, by using these redefined operations, the
neutrosophic hypersoft topological spaces are introduced. On this topological structure, operations
such as open (closed) set, interior and closure are defined and their properties are examined. The

study is supported by appropriate examples.

2. Preliminaries

Definition 2.1[15] Let A be an initial universe £ be a set of parametersand P(A) be the power
set of A. A pair (F,£) is called a soft set over A, where F is a mapping F:£ — P(A). In

other words, the soft set is a parameterized family of subsets of the set A.

Definition 2.2 [28,29] Let A be an initial universe and A be a neutrosophic set (NS) on A is
defined as A ={<xT,(X),1,(x),F,(X)>xeA}, where TILF: A—] 01 and

O<T, (X)+1,(X)+F,(x)<3"

Definition 2.3 [9] Let A be an initial universe £ be a set of parameters and NP(A) denote the
set of all neutrosophic sets of A. A pair (F,£) is called a neutrosophic soft set over A and its

mapping is givenas F :£ — NP(A).
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Definition 2.4 [30] Let A be the universal set and P(A) be the power set of A . Consider
hy h, hy,.. h, for K>1, be K well-defined attributes, whose corresponding attribute values
are respectively the sets £,,£,,...£, with £ NE; =, for i# ] and |, je€{L,2,..k}, then
the pair (Y,E,x£,x..x£,) is said to be hypersoft set over A  where
Y:£ x£,x..xE, — P(A).

Definition 2.5 [26] Let A be the universal set and NP(A) be a family of all neutrosophic sets
over A and £,,£,,....,£, the pairwise disjoint sets of parameters. Let C, be the nonempty
subset of then the pair £, for each 1=1,2,...,K. A neutrosophic hypersoft set (NHSS) over A
defined as the pair (Y,C,xC, x...C,) where Y:C xC,x..C, = NP(A) and
Y(C,xC, x..C) ={(ar, < X, Ty 1y (X), 10y (X)s Fry (X) >)
:XeA,aeC xC,x..C, c£ x£,x..xE,}

where T is the membership value of truthiness, | is the membership value of indeterminancy
and F is the membership value of falsity such that Ty, (X), Iy, (X),Fy,(X) €0,1] also
0<Ty 0y )+ 1,y (X) + Fp,)(X) <3. For sake of simplicity, we write the symbols X for

~

£, xE,x..xE,, T for C xC,x..C, and a foranelementof theset 3.

Throughout this paper, we denoted the family of all neutrosophic hypersoft sets over the universe

set A with NHSS(A,X)

3. Some Basic Operations on Neutrosophic Hypersoft Sets

In this section, operations of neutrosophic hypersoft subset, null neutrosophic hypersoft set,
complement, union, intersection, AND, OR on neutrosophic hypersoft sets are defined differently
from the study [26]. We also presented basic properties of these operations.

Definition 3.1 Let A be the universal set and (Y;,3,),(Y,,3,) be two neutrosophic hypersoft
setsover A.Then (Y,;,J,) is the neutrosophic hypersoft subset of (Y,,3,) if
1. 3,c3,,
2. For Vae3, and VXeA, TYl(a) x)< TYz(a) (%), IYl(“) (x) < |Y2(a) (%),
FYl(a) (X) 2 FYZ () (X)

Itis denoted by (Y, 3,) =(Y,,3,).

Definition 3.2 Let A be the universal set and (Y, 3J) be neutrosophic hypersoft set over A.
(Y,3)° is the complement of neutrosophic hypersoft set of (Y, 3J) if

TYC(a)(X) = FY(a)(X)
1y () =1= T, (X)
F;(a) (x) = TY(a)(X)
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where Vo €3 and VX eA. ltis clear that ((Y, S)C)C =(Y,3).

Definition 3.3
1. A neutrosophic hypersoft set (Y,3) over the universe set A is said to be null
neutrosophic hypersoft set if T, (X)=0, I, (X)=0, F,,(X)=1 where VaeJ and
VX € A . Itis denoted by O(ANH 5
2. A neutrosophic hypersoft set (Y, J) over the universe set A is said to be absolute
neutrosophic hypersoft set if Ty, (X)=1, I;,(X)=1, F,,(X)=0 where VaeJ and

VX € A . 1t is denoted by 1(ANH -

C —_ c —_
Clearly, O(ANH 5 —1(ANH 5 and 1(ANH 5= O(ANH Y
Definition 3.4 Let A be the universal setand (Y;,3,) and (Y,,3,) be neutrosophic hypersoft
sets over A.Extended union (Y;,3,) U(Y,,T,) is defined as

T XifxeJ, -3,

T((Y,3)u(Y,,3,)) = TYZ(a)(X)if ae3, -3 ,

max [T, (), Ty, (9 ifa e 3,03,

Irl(a)(x)if ae3 -3,

1Y, 3) v (Y,,3,)) = IYz(a)(X)if ael, =3, ’

max {1, (%), Iy o (O ifr €3, N,

Fyl(a)(x)if ae3 -3,

FI(r,3)u(Y,,3,)) = FYZ(a)(X)if aed, -3,
min{F, (), Fy, (0} ifa € 3,5,
Definition 3.5 Let A be the universal setand (Y;,J,) and (Y,,3,) be neutrosophic hypersoft
sets over A.Extended intersection (Y;,3J;) N(Y,,T,) is defined as

L XifxeJ, -3,

T((Y,3)N(Y,,3,) = Trz(a)(x)if aed, -3, '

min{T, (), Ty (9} ifa e 3,03,
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IYl(a)(X)if ae3 -3,

1Y, 3) N (Y, 3,)) = IYZ(a)(X)if aed, =3, '

min {1, o, (), by, (0}ifa €3, NS,

FYl(a) Xifae3, -3,

FI(r,3,)n(Y,,3,)) = Frz(a)(x)ifa €3, -3

max{Frl(a) (), Frz(a)(x)} ifae3,NS,

Definition 3.6 Let {(Yi .3, )|I el } be a family of neutrosophic hypersoft sets over the universe
set A.Then

U(Y, ) = {<x,sup[TYi @] sup[ 1y (0] inf[Fe,00] >: X e A},

A, S,) = {<x inf [T, (] inf[1,,(9] sup[F, (0] > ‘Xe A}.

iel ie

Definition 3.7 Let A be the universal setand (Y;,J,) and (Y,,3,) be neutrosophic hypersoft
sets over A.The "AND" operator (Y, 3)A(Y,,3T,)=Y(I,x3J,) is defined as

(O, 3) A (0, 5,) = min{T, () 00,T o, (9],
103D A (N, S) = min {1 ) 00, 1y, ()],
F (003 A (15, 50) = max{Fy (9, e (9]

Definition 3.8 Let A be the universal setand (Y,,3;) and (Y,,3J,) beneutrosophic hypersoft
sets over A.The "OR" operator (Y, 3,)V(Y,,3,) = Y(J,x3,) is defined as

T((Y,3)v(Y,,3,)) = max {Trl(a)(x),TYz(a)(x)},
(O 3V (72, 5,0) = max{ ) (0, by (0
F(O0, 3 v (1, 30) = min{Fy (9, Fy (9]

Proposition 3.9 Let (Y;,3,), (Y,,3,) and (Y, ;) be neutrosophic hypersoft sets over the

universe set A.Then,

L. (Yl,sl)U[(YZ,SZ)U(YS,SS)]=[(Yl,SI)U(YZ,32)]U(Y3,S3) and
(01, 3) [0, 3,) A (5, 55)] = [0 F0) A (X, 3,) ] A (0, 5s);
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2. (Y1’31)U[(szsz)m(stss)]:[(Yl’31)U(Y2'52)]m[(Y1’31)U(stss)] and
(Yli31)0[(Y2’32)U(Y3153)]:[(Y1’31)m(Yz’Sz)]U[(Yl’Sl)m(Ys’Ss)];

3. (Yl'SI)UO(ANH,Z) = (Yl’sl) and (Yl’sl)mo(ANH 5 = O(ANH 5

4. (Y,,3) ul(ANH 5= l(ANH 5 and (Y,,3) ﬂl(ANH 5= (Y,3).
Proof. Straightforward.

Proposition 3.10 Let (Y;,J,) and (Y,,3,) be two neutrosophic hypersoft sets over the
universe set A. Then,
L [(0,3) (Y, 3)] =00, 3) N (Y, 3,)5
“o(r

2. [(Y1’S1)G(Y2132)] 1’51)CU(Y2’32)C-

Proof. 1. For all X € A,
X, max {TYl(a) (X)'TYZ(a) (X)} »max { IYl(a) (), | Ty () (X)} ,

(Yy S1) U (Yz ' S2) =
min{F, (), Fy, ()]

X, min{Fy (09, P 00} 2= max {1 ) (0, 14 ) (9]

[, 3) U, 3,)] =
max {TYl(a) (X)’TYZ (@) (X)}

Now,

(613 = { (X Py 002 1y 0 00Ty 00
(Yz’sz)C = {<X1 FYz(a) (X),l— IYZ(a)(X)’TYZ(a)(X)>}'
Then,
e X, min{Frl(a)(x), Frz(a)(x)} min {(1— Irl(a)(x)),(l— |r2(a)(x))},
max {TYl(a) (X), TYz(a) (X)}
X min{ Fy ) (0, Fr ) 00} 1= max {1, 00,1y (9],
max {TYl(a) (X)'TY2 (@) (X)}

Therefore, [(Y;,J,)U (Yz,sz)]" =(Y,3) N (Y,,3,)".

2. It is obtained similarly.
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Proposition 3.11 Let (Y;,3,) and (Y,,3,) be two neutrosophic hypersoft sets over the

universe set A. Then,
L[, 3) V(YL 3] = (0L 3)° A, 3,)5
2. [(Yl’ 3)A (Yz'sz)]c = (Y, S1)c Vv (Yz’sz)c-

Proof. 1. Forall Xe A
X, MaX Ty (1 (9 Ty (9 max {09, 1 (09,

(Yl’ S1) \4 (Yz’sz) =
min{Fy ) (9, Fr i (9]

X, min { FYl(a) (x), FYz(a) (X)} ,1—max { IYl(a) (x), IYz(a) (X)} )

[(Yp S1) Vv (Yz’ S2)]c =
max [Ty, (9, Ty, ) (9}

On the other hand,
(6 3" = {(X Py 001 1y (0.T, ) 00},

(0021320 = {{ Fr ) (0.1 1 (0T 0y ()

Then,

Xmin ) (0, Froy 0O min (1= 1y )00 (1= 1y (9,
max (T, (00, Ty, (0}

xmin{Fy ) (0, Fr ) (0} 1=max {1, (0, 14, (9],

max [T, ) (9, Ty, ) (9}

Hence, [(Y,,3) Vv (Y, 3,)] = (X, 3)°A(Y,,3,)".

(Yl’ Sl)c N (Yz ' S2)C =

Example 3.12 Let A ={X11X2' X3} be an initial universe and £1v£2’£3 be sets of attributes.

Attributes are given as;

£ ={a.a ek £,={6.5) £ ={a. o}
Suppose that

C, =1{a}.C, ={&. &} C; ={a, 2}
D, ={a,6},D, ={5, &} Ds ={a,}
are subset of £, for each 1=1,2,3. Then the neutrosophic hypersoft sets (Y,,J;) and

(Y,,3,) over the universe A as follows.
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XZ X3 }>
080502 0.6,0.5,0.4'0.3,0.6,0.2"
X

XZ 3 }>
080205 0.5,0.7,0.1 0.5,0.5,0.4 '
X

XZ 3 }>
060405 0.5,0.7,04 0.7,0.3,0.2"

<(q.&a)d

<(aéna)d

<(a )i
(Y,,3)=
<(a.&a)d

X2 X3 }>
0.6, 02 0.8'0.3,0.4,0.5'0.1,0.3,0.7

X
<(¢,&, 2 E >
(e 2){090201 0.2,0.2,0.4 020107}

X

XZ 3 }>
080403 0.7,0.4,0.2'0.4,0.6,0.8
X

X2 3 }>
050206 0.6,0.5,0.3'0.8,0.3,0.7"
X

X
< , 2 3 >
@ 2){040502 0.7,0.3,0.8 060105}

The union, intersection, "AND", "OR" operation of these sets are follows:

<(a&a)d

<(& 6o

XZ X3 }>
080502 0.6,0.5,0.4'0.3,0.6,0.2"

<(a ¢ a,)A

<(a )i

XZ X3 }>
090201 0.5,0.7,0.1' 0.5,0.5,0.4
X

X2 3 }>
060405 0.5,0.7,04'0.7,0.3,0.2" '

<((g: 62

< (‘—(1!652' 1) {
(szl)u(Yz'Sz) = X X

2 3 }>’
0.8, 04 0.3'0.7,0.4,0.2°0.4,0.6,0.7
X

X2 3 }>
050206 0.6,0.5,0.3 0.8,0.3,0.7" '

< (631511 2) {

X2 X3 } >

< 1
(@ 2){040502 0.7,0.3,0.8'0.6,0.1,0.5

X2 X3 }>
080205 0.2,0.2,0.4'0.2,0.1,0.7" '

<&, & )4

<(a:& )4
(x,3)n(Y,,3,)=
X, X4,

0.6, 02 0.8'0.3,0.4,0.5°0.1,0.3,0.8

Let's assume (6,&,5) =@, (6.6.%)=8, (6.6 x)=8, (46,a)=3, in (Y,,3)

and (g,8,a,)=b, (6.6 a,)=b, (6& a)=b, (& a)=b, in (Y,,3,) for

easier operation.
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(X3P ALY

23 =

X X,

b, o ,
P 55502020204 020107
X X2 X3

2 S 3.

b,, , )
@1 <0205 804,03 06,04,04 03,0.6,08
X X,
b,, 1 , 2 3
@ *P3455.02,06'06,05,04'03.03,07
X X
b,, 1 , A 3
(alx 4 {0.4,0.5,0.2 0.6,0.3,0.8 0.3,0.1,0.5

1,

3ol

18

ol X2 X3
(a2 = b1|{ 1,

0.8,0.2,0.5°0.2,0.2,0.4°0.2,0.1,0.7
il X2 X3

(a2 ><b2,{

X X,
(8, xbg.{ 1 2 3

0.8,0.2,0.5'0.5,0.4,0.2°0.4,0.5,0.8

9]

0.5,0.2,0.6 ' 0.5,0.5,0.3' 0.5,0.3,0.7
1 2 X3

3,

a. b,, , ,
@by 5757505050308 050105

83*M15602,05°02,02,04'02,01,07
ol ) X3
b,, , )
(@3>by {5 55405 05.04.04'04,03,08

.

.

.

X X,
(ag xby =L 2 S,

0.5,0.2,0.6 '0.5,0.5,0.4°0.7,0.3,0.7

X ) X3
0.4,0.4,0.5°0.5,0.3,0.8°0.6,0.1,0.5
X, X,

ol 2
(a, b, {

(a3><b4,{

0.6,0.2,0.8°0.2,0.2,0.5°0.1,0.1,0.7
X ) *3

0.6,0.2,0.8'0.3,0.4,0.5°0.1,0.3,0.8
X X5 X3

0.5,0.2,0.8°0.3,0.4,0.5°0.1,0.3,0.7
X X5 X3

(a4><b2,{

(a4><b3,{

(a4><b4,{

b,

S 3.

b,

B,

0.4,0.2,0.8'0.3,0.3,0.8°0.1,0.1,0.7

3]
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X, X3 })
090501 0.6,0.5,0.4'0.3,0.6,0.2

X:l XZ X3 })
0.8,0.5,0.2°0.7,0.5,0.2'0.4,0.6,0.2

(@, >xb,{

(8, xb,,{

(8, x

(a x

(a, xb,,{

b;.{

Xz

X3

b,

080502 0.6,0.5,0.3'0.8,0.6,0.2

Xz

X3

b,.{

b,

080502 0.7,0.5,0.4'0.6,0.6,0.2

Xz

X,

<by,{

Xz

3

090201 0.5,0.7,0.1'0.5,0.5,0.4

X3

xb,.{

080403 0.7,0.7,0.1'0.5,0.6,0.4

Xz

D)

X3

(8, x b, f——2

Xz

1,

080205 0.6,0.7,0.1'0.8,0.5,0.4

X3

.

0.8,0.5,0.2'0.7,0.7,0.1' 0.6,0.5,0.4

X, X3 })
090401 0.5,0.7,0.4'0.7,0.3,0.2

X X
b,, AR S 3
(a3X 2 {0.8,0.4,0.3 0.7,0.7,0.2 0.7,0.6,0.2

(Yl’sl)v (ersz) =
(a; xb,,{

b,

@

(@

(&,

ST

Xz

X3

0.6,0.4,0.5'0.6,0.7,0.3°0.8,0.3,0.2

Xz

X3

NYY pam — ,
0.6,0.5,0.2 0.7,0.7,0.4 0.7,0.3,0.2

Xy

X3

xb,{

090201 0.3,0.4,0.4°0.2,0.3,0.7

Xz

b,

X3

ST, T— ,
0.8,0.4,0.3 0.7,0.4,0.2 0.4,0.6,0.7

Xz

X3

b,

B,

b,

(a, xby,{ 1,

060206 0.6,0.5,0.3'0.8,0.3,0.7

(@b o X %
0.6,0.5,0.2 0.7,0.4,0.5 0.6,0.3,0.5

})

4. Neutrosophic Hypersoft Topological Spaces

Definition 4.1 Let NHSS(A,X) be the family of all neutrosophic hypersoft sets over the universe
set A and 7 < NHSS(A,X).Then 7 is said to be a neutrosophic hypersoft topology on A if
1. 0

(A ) and 1(ANH ) belongsto 7

2. the union of any number of neutrosophic hypersoft setsin 7 belongs to 7
3. the intersection of finite number of neutrosophic hypersoft setsin 7 belongs to 7.

Then (A,Z,7) issaid to be a neutrosophic hypersoft topological space over A .Each members of

T is said to be neutrosophic hypersoft open set.

Definition 4.2 Let (A,Z,7) be a neutrosophic hypersoft topological space over A and (Y, 3J)
be a neutrosophic hypersoft set over A.Then (Y,3J) is said to be neutrosophic hypersoft closed
set iff its complement is a neutrosophic hypersoft open set.

Proposition 4.3 Let (A,Z,7) be a neutrosophic hypersoft topological space over A.Then

L 0 Ay and 1 ayy.®) areneutrosophic hypersoft closed sets over A
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2. The intersection of any number of neutrosophic hypersoft closed sets is a neutrosophic
hypersoft closed set over A

3. The union of finite number of neutrosophic hypersoft closed sets is a neutrosophic hypersoft
closed set over A.

Proof. It is clear that the definition of neutrosophic hypersoft topological space.
Definition 4.4 Let NHSS(A,X) be the family of all neutrosophic hypersoft sets over the universe
set A.

1. If 7= {0( A ]z),l( A ’2)}, then 7 is said to be the neutrosophic hypersoft indiscrete

topology and (A,X,7) is said to be a neutrosophic hypersoft indiscrete topological space
over A.

2. If 7=NHSS(A,X), then 7 is said to be the neutrosophic hypersoft discrete topology
and (A,X,7) issaid to be a neutrosophic hypersoft discrete topological space over A.

Proposition 4.5 Let (A, X, 7)) and (A,Z,7,) be two neutrosophic hypersoft topological spaces

over the same universe set A. Then (A, 2, 7,NT, 2) is neutrosophic hypersoft topological space

over A.
Proof. 1. Since O(ANH '2)'1(ANH 3 €7, and O(ANH *Z)’l(ANH 3) €7,, then O(ANH 'Z)'l(ANH 3 €L NT,

2. Suppose that {(Yi,si)“ € |} be a family of neutrosophic hypersoft sets in 7; N7, . Then
(Y;,3,)et, and (Y,,3,) e, for all iel, so ikEJI(Yi,Si) €7, and ikEJI(Yi,si) €t,. Thus
ike.)l(Yi,Si) ET,NT,.

3. Let {(Yi L3)|i = 1,k } be a family of the finite number of neutrosophic hypersoft setsin 7, N7,

. Then (Y;,F)e? and (Y,,3)ef, for i=1k, so (Y, F)ed and N(Y,T)e7,.

n
Thus N(Y,,3;) €7, N7T,.
i=1

Remark 4.6 The union of two neutrosophic hypersoft topologies over A may not be a
neutrosophic hypersoft topology on A.

Example 4.7 We consider attributes of Example-3.12.
7, = {O(ANH ,2),1(ANH ,2)1(Y1, 3,), (YZ,SZ)}

and

T, = {O(ANH 'z)’l(ANH ,z)a(Y3, 33), (Y4, 34)}
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be two neutrosophic hypersoft topologies over A . Here, the neutrosophic hypersoft sets
(Y,3), (Y,,3,).(Y;,3;) and (Y,3,) over A are defined as following:

X X
<(e.l.a 2 3 >
(@& 1){080502 0.6,0.5,0.4 030602}

X X
< ) ) 2 3 >l
(@& 2){080205 0.5,0.7,0.1 050504}

XZ X3 }>
060405 0.5,0.7,0.4'0.7,0.3,0.2" '

XZ X3 }>
060208 0.3,0.4,0.5'0.1,0.3,0.7

<(a,% ) f

<(a,$ a,){

X X
< ) la 2 3 >1
(&é 1){080601 0.7,0.6,0.3 040801}

X X
< 1 & - 3 >1
(r (@4 2){080503 0.7,0.8,0.1 070602}
21

w
1l

X X
< 1 !a - : >|
@ 1){090602 0.8,0.8,0.3 070602}

<(,& )4

XZ X3 }>
090805 0.6,0.7,0.3'0.4,0.4,0.4

X X
< 2 3 >
(ez,ei,az){ozoew 0.6,0.6,0.2 040502} ’

X X
< 1 1 2 3 >l
(e, aZ){080205 0.6,0.3,0.1 030708}

X X
< 2 3 >
(53’§1’“2){03 06,02'06,02,05 07,0302

X X
<l lat 2 3 >
(52 2){050304 050,03 04,0505

(Ys,

2

3) =

X X
< 1 ) 2 3 >!
S 2){040702 0.8,0.7,0.2 070602}

X X
< ) )a 2 3 >)
G 2){080502 0.7,0.6,0.1 050904}

X X
< 1 ’a : 2 >1
(& 2){060701 0.8,0.5,0.3 080601}

X X
<le.l 2 3 >
(e 2){080503 04,02,02'06,06,02
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Since (Y,,3,)u(Y,,3,)¢ 7, 7,, then 7, U 7, is not a neutrosophic hypersoft topology

over A.

Remark 4.8 Inthe (Y, J) hypersoftset, I consists of the cartesian product set C, xC, x...xC,

. If the parameters are selected from a single attribute set C, and the empty set from the other

attribute sets while creating a neutrosophic hypersoft set, it is clear that the resulting structure will
be a neutrosophic soft set structure. Neutrosophic hypersoft set structure is a generalized version
of neutrosophic soft structure. Therefore, the neutrosophic hypersoft topological structure also
provides all the conditions of the neutrosophic soft topological structure. (see Example-4.7)

Proposition 4.9 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
£={(X,3):(X;,3;) e NHSS (A, 2)} = {[a, (Y, (@)], . 1 (X, T)) e NHSS(A,Z)|  where

¥,(@) ={ (T ) (0,1 ) (0F ) () : X € A  Then
Y(a)(X) aes}

)
o=l
w2 (], )
b

-1C
Y (@) (X) dael }

define fuzzy soft topologies on A.

Proof. 1. 0(A ) :I.(A e’[:>0 ler, O0,ler, and O,1l€e7,

2. Suppose that {(Yi,\si)“ € |} be a family of neutrosophic hypersoft sets in 7 . Then

{[TYi (@) (X):|a€3}iel is a family of fuzzy soft sets in 7, {[ IYi (@) (X)LEJ} is a family of fuzzy

iel

soft sets in 7, and {[ ~ (a)(X)] } is a family of fuzzy soft sets in 7,. Since 7 is a
el icl

neutrosophic hypersoft topology, then _UI(Yi ,3,) €T . That is,
le
O(r,3) = {<sup[Tri w®] sl 1,0 inf[F (0] >} et
€ aed aed aed iel

Therefore,

{sup |:TYi @) (X)Lez }id €T,

{SUp[ IYi (@) (X)Leﬁ}id €7

{sup [ FYi @) (x)l;3 }iel €T,
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3. Suppose that {(Yi , Si)|i = m} be a family of finite neutrosophic hypersoft sets in 7 . Then

{|: r(a)(X)} } _ isafamily of fuzzy soft setsin 7, {[ Y(a)(X)} } _ isafamily of fuzzy
i=1k i=1k

C
soft sets in 7, and {|: F, (a)(X)] } is a family of fuzzy soft sets in 7,. Since 7 is a
i -
1k

aes -_7

n
neutrosophic hypersoft topology, then ﬂ( 3,) € 7. That s,
n
nl(Yi ,3) = {<min [Ty, (a)(x)} ,min [IY_ (a)(x)J , max[FY_ (a)(x)} >} eT.
1= ! ae3 ! ae3 ! ae3/ )i=1k

Therefore,

{ In[TY(a)(X)}} €T,

{mln IY(a)(X)}} €T,
{mln[FY(a)(x)}} €T,

This completes the proof.

Definition 4.10 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y,3) e NHSS(A,X) be a neutrosophic hypersoft set. Then, the neutrosophic hypersoft interior of

(Y, 3), denoted (Y, 3)’, is defined as the neutrosophic hypersoft union of all neutrosophic hypersoft open
subsets of (Y,3).

Clearly, (Y,3)" is the biggest neutrosophic hypersoft open set that is contained by (Y, J).

Example 4.11 Let us consider the neutrosophic hypersoft topology 7; given in Example 4.7.
Suppose that an any (Y, 3) € NHSS(A,X) is defined as following:

X X
< , ’a 2 3
(&é l){090701 0.8,0.7,0.2°0.6,0.8,0.1

X2 X3 }>
090602 0.8,0.9,0.1'0.8,0.7,0.1" '

X, X, X3 .
<(g,5,, ), ' ' g
(@& 1) {0.9 0.8,0.1'0.9,0.8,0.2 0-8’0-7’0-2}

<(a,$ a,){

1>,

<(q,&,2)q

X2 X3
090903 0.7,0.8,0.1'0.6,0.7,0.3

1>

Then O(ANH Y (Y,,3), (Y,,3,) <= (Y,3) . Therefore,

(X,3) =045 Y (XLI)U(Y,,3,) =(Y,,3,).
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Theorem 4.12 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y,3) e NHSS(A,X). (Y, 3) is a neutrosophic hypersoft open set iff (Y, 3J) = (Y, 3)".

Proof. Let (Y,3) be a neutrosophic hypersoft open set. Then the biggest neutrosophic hypersoft
open set that is contained by (Y, 3) isequalto (Y,J).Hence, (Y,3J)=(Y,3J)".

Conversely, it is known that (Y, 3)" is a neutrosophic hypersoft open set and if (Y, 3) = (Y, 3)"
,then (Y,3) is a neutrosophic hypersoft open set.

Theorem 4.13 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y;,3),(Y,,3,) e NHSS(A,Z) . Then,

1. [(Yl,sl)o]" = (Y1131)01

2. (o(ANH,E))C’:o(ANH,Z) and (1(ANHVZ))°:1(ANH,Z),
3. (Y,3) = (Y,,3,)=> (0, 3) =(Y,,3,),

4. [(Y,3)N (Y, 3,)] =, 3) n(Y,.3,),

5 (Y,3) U(Y,,3,) <[(Y,3)u(X,,3,)].

Proof. 1. Let (Y,,3) =(Y,,3,) . Then (Y,,3,)et iff (Y,,3,)=(Y,,3,) . So
I:(Yv S1)] = (Y, 3)

2. Straighforward.

3. Itis known that (Y,3,)" < (Y,,3,) < (Y,,3,) and (Y,,3,) <(Y,,S,). Since (Y,,3,)’
is the biggest neutrosophic hypersoft open set contained in (Y,,3J,) and so,
(Y, 3) <=(Y,,3,)".

4. Since (Y,,3)N(Y,,3,)<c(Y,T) and (Y, 3)N(Y,,S,)
[(F,3)N(Y,.3,)] =«(X.3)  and  [(Y,3)N(Y,.3,)] = (¥
[(Yl' 3)N (Y2732)]O < (Y, 3) N (Y, 3,)"

On the other hand, since (Y,3) <(Y,,3;) and (Y,,3,) <(Y,,T,) , then
(Y, 3) n(Y,,3,) <(Y,3)n(Y,,3,) . Besides,

< (Y,,3,) , then
203

,) and  so,

[(Y,,3) N (Y, 3,)] =(X,3,)N(Y,,3,) and it is the biggest neutrosophic hypersoft open
set. Therefore, (Y, 3) N (Y, 3,) c[(YL3) N (Y, 3,)] . Thus,
[(Y, 3)N(Y,,3,)] = (Y, 3) N(Y,,3,).
5. since  (Y,3)<(Y,3)U(Y,,3,) and (V,,3,)c(Y,3)U(Y,,3,) , then
(Y, 3) <[(r,3)u(X,.3,)] and (Y,,3,) <[(Y,,3)U(Y,,3,)] . Therefore,
(L 3) (X, 3,) c[(X,3)u(Y,, 3] -
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Definition 4.14 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y,3) € NHSS(A,X) be a neutrosophic hypersoft set. Then, the neutrosophic hypersoft closure

of (Y,3), denoted (Y,3), is defined as the neutrosophic hypersoft intersection of all
neutrosophic hypersoft closed supersets of (Y,3).

Clearly, (Y,3) is the smallest neutrosophic hypersoft closed set that containing (Y, J).

Example 4.15 Let us consider the neutrosophic hypersoft topology 7, given in Example 4.7.
Suppose that an any (Y, 3) € NHSS(A,X) is defined as following;:

Tl 2){010205 018(2209 02(;(3308}>’
(Y,3) = <(61’(52,0(2){02 0.6,0.9’ 01(;(2208 030X33106}>’ |

<(63’51’0{2){010108 018(2308 010X3’208}>,

T 2){020409 01(;(2506 020)(3207}>

c

Obviously, O?ANH ) l(ANH 5 (X3,3,)° and (Y,,,)° are all neutrosophic hypersoft closed

sets over (A,Z,7) . They are given as following;

OEANH 2~ 1(ANH '2)11‘(:ANH =~ O(ANH %)
X X
< 2 3 >
(6.6 2){040402 02,0406 02,0504
X X
<(e.E 2 3 >
. (6 “2){050808 0.1,0.7,0.6 080303}
(Y5, 35)° = X X |
(el 2 3 >
&4 2){020403 05.08.06 02,0707
X X
< 2 3 >
I 2){040705 03,09,05' 05,0504
X X
< 2 3 >
(61’51’“2){020304 02.03.08 02,0407
X X
<.l a 2 3 >,
. (¢ 2){020508 0.1,0.4,0.7 040105}
(Y41‘54) = X X
<(eE 2 3 >,
("(351“2){010306 03,0508 01,0408
X X
< & 2 3 >
(@& 2){030508 02,0804 02,0406
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Then OEANH ) (Y, Ss)c,(Y4, 3,) 2(Y,3) . Therefore,

(x,3)= O‘(’ANH 5 N5 3) N (Y, 3,) = (Y, 3,)°

Theorem 4.16 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y,3) e NHSS(A,X). (Y,3) isneutrosophic hypersoft closed set iff (Y, 3) = (Y,3J).

Proof. Straightforward.

Theorem 4.17 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y,,3),(Y,,,) € NHSS(A, 2) . Then,

1. [(Yl,sl)} = (Yl’sl)’

2. (O(ANH v2>):0<ANH 5, and (1(ANH VZ)):l(ANH 5
5. (Y,3)c(Y,,3,)=(Y,3)<(Y,.3,),
4. (X, 3)U(Y,,3,)]= (Y, 3) U(Y,,3,),
5 [(FL3)N(Y,,3,)] < (XL 3) N (Y,,3,).

Proof. 1. Let (Y,,3;) =(Y,,3,). Then, (Y,,3,) is a neutrosophic hypersoft closed set. Hence,

(Y,,3,) and (Y,,S,) areequal. Therefore, [(Yl,Sl)] =(Y.,3).
2. Straightforward.
3. It is known that (Y,,3,)<(Y,,3;) and (Y,,3,)c(Y,,3,) and so,

Y, 3,)c(Y,,3,)c(Y,,3,).Since (Y,,,) is the smallest neutrosophic hypersoft closed set
11 2132 2132 1131 P Yp

containing (Y;,3,), then (Y,3,) <= (Y,,S,).
4. Since (Y,,3)c<(Y,,3)u(Y,,T,) and (Y,,3,)c(Y,3)U(Y,,T,) , then

(Y, 3) < [(Yp 3)u (Yz’sz)] and (Y,,3,) < [(Yl’ 3)u (Yzysz)] and 50,
(Yl’sl) U(Yz’sz) - [(Yp Sl) U(Yz'sz)] .

Conversely, since (Y,3)<(Y,3) and (Y,,3,)c(Y,,3,) then

(Y, 3)u(Y,,3,) (Y, 3)u(Y,,T,) . Besides, [(Yl, I)u(Y,, 32)] is the smallest
neutrosophic hypersoft closed set that containing (Y;,3,)U(Y,,J,) . Therefore,
[, 3) V(Y. 3,)] < (X, 3) U(Y,,F,) - Thus, [(Y,,3)U(Y,,3,)]= (1, 3,)U(Y,,3,).

5. Since (Y, 3) N (Y,,3,) < (Y, 3)N(Y,,F,) and [(X,3,)N(Y,,T,)] is the smallest
neutrosophic  hypersoft closed set that containing (Y;,3;)N(Y,,T,) , then
[(Yv 3)N (Yz!sz)] < (Y, 3)N(Y,,3,).
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Theorem 4.18 Let (A,X,7) be a neutrosophic hypersoft topological space over A and
(Y,3) € NHSS(A,X). Then,

L[] =[],
2. [(r3) ] =[(r.3)°]

Proof. 1. (Y,3) = N{(Y,,3,) € #°:(Y,,3,) 2 (X, J)}
=S[00 =[A{0r,3) e (X,,3,) 2(r,3)} ] =
U{(X,,3,)7 e 7:(X,,3,) < (13) = [ (1, 3)° ] .

2. (Y, 3) :u{(G, E)e7:(G,E)c(Y,3)

——

=[] = [0l 5,) e (X,3) c ()} ] =
A{(,,3,)7 e 7°:(X,,3,)° 2 (1,3) ) = [(1,3)°].

5. Conclusions

We re-defined neutrosophic hypersoft operations such as complement, null set, absolute set, union,
intersection, "TAND", "OR" differently from the study [26]. Providing de-morgan laws and other properties of
these operations are demonstrated with various proofs and examples. Thus, operations on the neutrosophic
hypersoft set structure are well defined. After that, by using these operations, we introduced neutrosophic
hypersoft topological spaces, neutrosophic hypersoft open(closed) sets, neutrosophic hypersoft interior and
neutrosophic hypersoft closure. Various properties of them have been studied. These are illustrated with
appropriate examples. In the future, many topics such as compactness, continuity, connectedness and
separation axioms can be studied on neutrosophic hypersoft topological spaces by considering this study. We
hope this article will support future studies on neutrosophic hypersoft topological structure and many other
general frameworks.
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Theory and Application of Hypersoft Set

The soft set was generalized in 2018 by Smarandache to the
hypersoft set by transforming the function F into a multi-
argument function. This extension reveals that the hypersoft
set with neutrosophic, intuitionistic, and fuzzy set theory will be
very helpful to construct a connection between alternatives and
attributes. The Book “Theory and Application of Hypersoft Set”
focuses on theories, methods, and algorithms for decision
making problems. It also involves applications of neutrosophic,
intuitionistic, and fuzzy information. Our goal is to develop a
strong relationship with the MCDM solving techniques and to
reduce the complexion in the methodologies.
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