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Abstract:

The correlation coefficient among the two parameters plays a significant part in statistics. Further,
the exactness in the assessment of correlation depends upon information from the set of discourse.
The data collected for various statistical studies is full of ambiguities. In this paper, we discuss some
basic concepts which are helpful to build the structure of present research such as soft set, hypersoft
set, and neutrosophic hypersoft set (NHSS). The neutrosophic hypersoft set is an extension of the
neutrosophic soft set. In it, we establish the idea of correlation and weighted correlation coefficients
with some desirable properties under NHSS. We also, propose a new decision-making technique
and construct an algorithm based on developed correlation measures. Furthermore, To ensure the
applicability of the proposed methods an illustrative example is given.

Keywords: Hypersoft set, NHSS, correlation coefficient, weighted correlation coefficient

1. Introduction

Ambiguity plays a dynamic role in many areas of life (such as modeling, medicine, engineering,
etc.). However, people have raised a common question, that is, how do 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 of all, Zadeh developed the
concept of a fuzzy set (FS) [1] to solve problems that contain uncertainty and ambiguity. In some
cases, we must carefully consider membership as a non-membership value to correctly represent
objects that FS cannot handle. To overcome these difficulties, Atanasov proposed the idea of
intuitionistic fuzzy sets (IFS) [2]. 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 [3] proposed a general mathematical tool to deal with uncertain,
ambiguous, and uncertain matters, called soft set (SS). Maji et al. [4] extended the concept of SS and
developed some operations with properties and used the established concepts for decision-making
[5]. By combining the FS and SS Maji et al. [6] established the fuzzy soft set (FSS) and intuitionistic
fuzzy soft set (IFSS) and studied their operations and properties [7]. Zulgarnain et al. [8] established
the correlation coefficient for interval-valued intuitionistic fuzzy soft set and developed the TOPSIS
approach based on their presented correlation measures. Zulqarnain et al. [9, 10] discussed the
Pythagorean fuzzy soft sets (PFSS) and established the aggregation operator and TOPSIS technique
to solve the MCDM problem.
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Maji [11] offered the idea of a neutrosophic soft set (NSS) with necessary operations and
properties. The idea of the possibility NSS was developed by Karaaslan [12] and introduced a
possibility of neutrosophic soft decision-making method to solve those problems which contain
uncertainty based on And-product. Broumi [13] developed the generalized NSS with some
operations and properties and used the proposed concept for decision making. To solve MCDM
problems with PESS, Zulgarnain et al. [14] presented the interaction aggregation operators for PESS.
Based on the correlation of IFS, the term CC of SVNSs [15] was introduced. In [16] the idea of
simplified NSs introduced with some operational laws and aggregation operators such as weighted
arithmetic and weighted geometric average operators. They constructed an MCDM method on the
base of proposed aggregation operators. Masooma et al. [17] progressed a new concept through
combining the multipolar fuzzy set and neutrosophic set which is known as the multipolar
neutrosophic set, they also established various characterization and operations with examples.
Zulgarnain et al. [18, 19] utilized the neutrosophic TOPSIS model to solve the MCDM problem and
for the selection of suppliers in the production industry.

Correlation performs a significant part in statistics as well as engineering. By way of correlation
analysis, the mixture of two variables can be utilized to compute the mutuality of the two variables.
Although probabilistic methods have been applied to various practical engineering problems, there
are still some obstacles to probabilistic strategies. For example, the probability of this process depends
on the large amount of data collected, which is random. However, large complex systems have many
fuzzy uncertainties, so it is difficult to obtain accurate probability events. Therefore, due to limited
quantitative information, results based on probability theory do not always provide useful
information for experts. In addition, in actual applications, sometimes there is not enough data to
correctly process standard statistical data. Due to the aforementioned obstacles, results based on
probability theory are not always available to experts. Therefore, probabilistic methods are usually
insufficient to resolve such inherent uncertainties in the data. Many researchers in the world have
proposed and proposed different methods to solve problems that contain uncertainty. To measure
the relationship between fuzzy numbers, Yu [20] established the CC of fuzzy numbers.

Recently, Smarandache [21] extended the concept of the SS to hypersoft set (HSS) by replacing
the single-parameter function F with a multi-parameter (sub-attribute) function defined on Cartesian
products of n different attributes. The established HSS is more flexible than SS 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 [22-36]. Abdel-Basset [37] uses a 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 et al. [38] recommended an efficient combination of
plithogenic aggregation operations as well as quality feature deployment strategies. The advantage
of this combination is that it can improve accuracy as well as assess the 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, NSS, and NHSS, etc. In Section 3, the idea of CC and WCC
is developed with some necessary properties. An algorithm and decision-making method will be
developed in section 4. We also used the developed approach to solve decision making problems in
an uncertain environment. Finally, the conclusion is made in section 5.

2. Preliminaries

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, and neutrosophic hypersoft set.
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Definition 2.1 [3]
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 C . A pair (F, A)is called a soft set over U and its mapping is given as
FiA— P(U)

It is also defined as:

FA) ={Fl) eP(U)e€c&Fle) = Qif e ¢A}
Definition 2.2 [21]
Let U be a universe of discourse and P(U) be a power setof U and k ={k, k,, ks,..., k,},(n=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 € {1,2,3 ... n} and i # j. Assume K; x K, x Kyx ... x K, = A
{aiy X ap X - X ay;} be a collection of multi-attributes, where1l < h < a,1 < k < B,and1 <[ <
y,and a, B,and y € N.Then the pair (F, K; x K, x K3x...x K, = A)is said to be HSS over U and
its mapping is defined as

F:i K, x Ky x Kgx...x K, = A > P(U).

It is also defined as

(F, A) = {ﬁ, Tﬂ(d) a E;&, Tﬂ(&) € ?(U)}

Definition 2.3 [21]

Let U be a universe of discourse and P(U) be a power setof U and k ={k;, k;, ks,..., k,},(n=1) be
a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n K; =
@ for n 21 for each i, j € {1,23 ... n} and i # j. Assume K; x K, x Kzx ... x K, = A =
{a;p X ap X - X ay;} be a collection of sub-attributes, where 1 < h < a,1 <k < f,and1 <1 <
v,and @, B, and y € N and NS be a collection of all neutrosophic subsets over U. Then the pair
(F, Ky x K; x K3x ... x K, = A)issaid to be NHSS over U and its mapping is defined as

F: K, x Ky x Kgx...x K, = A > NSU

It is also defined as

(F, &) = {(& Fx(@)): a €r, F5(@) € NSU}, where Fx(d) = {(8, 055 (), Tr @) (8), Y@ (8)): § € U},
where 07(4)(6), Tr#)(6), and yr4)(8) represent the truth, indeterminacy, and falsity grades of the
attributes such as o7 (8), T7)(8), V@) (8) € [0,1],and 0 < 051 (8) + Tr@) () + Vr@(6) < 3.
Simply a neutrosophic hypersoft number (NHSN) can be expressed as F =

{(Ur(a) (8), 7@ (8), Yr@) (5))}, where 0 < 07 (8) + 77(5)(8) + Vr@)(8) < 3.

Example 2.4
Consider the universe of discourse U = {6;,6,} and & = {#; = Teaching methdology,?¥,
Subjects, €5 = 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,a;, = Doctorol}. Let A = L; x L, x Ly be a set of attributes
A =Ly x Ly x Ly = {a11,a12} X {az1, 052,53} X {a31,a3,}
_ {(au' 21, 031), (A11, A21, 32), (A11, A2z, 31), (A11, A2z, A32), (A11, A23, A31), (A11, A23, a32),}

(@12, a21, a31), (A12, 21, 32), (A12, Az2, A31), (A2, A2, A32), (A2, Az3, A31), (A2, Az3, A32),
A = {&1' le &31 &4' dSl &61 d7' 68' 691 le’ 611' 612}
Then the NHSS over U is given as follows
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(FA) =

( (@y1,(61,(.6,.3,.8)),(82,(.9,.3,.5))), (d2,(81,(.5,.2,.7)),(862,(.7,.1,.5))), (@3, (81, (. 5,.2,.8)), (82, (.4,.3,.4))),

i (64, (61,(.2,.5,.6)), (82, (.5,.1,. 6))) , (as, (81,(.8,.4,.3)),(6,,(.2,.3,. 5))) , (ﬁﬁ, (81,(.9,.6,.4)),(8,,(.7,.6,. 8))) ,
| (@7, (61,(.6..5,.3)),(82,(.4..2,.8))), (g, (61,(.8,.2,.5)),(82,(.6,.8,.4))), (o, (61, (. 7,.4,.9)), (62, (.7..3,.5))),
{ (@10, (81,(.8,.4,.6)),(82,(.7,.2,.9))), (411, (61, (.8,.4,.5)),(62,(-4,.2,.5))), (@5, (81,(.7,.5,.8)),(82,(.7,.5,.9))) )

3. Correlation Coefficient for Neutrosophic Hypersoft Set

In this section, the concept of correlation coefficient and weighted correlation coefficient on
NHSS has been proposed with some basic properties.
Definition 3.1

Let (FA) = {(6i’ JT(ﬁk)(éi)'T?(ék)@i)']/f(dk)@i)) | 61 € U} and (GA) =
{(5“ Tg(ar) (81), TG (60, Vg (an) (51')) | 6; € ’U} be two NHSSs defined over a universe of discourse

U. Then, the informational neutrosophic energies of (F,A) and (G,A) can be described as follows:

Switss (PR = Ty Tl (0000 80) + (tr@n@0)” + (rran@0)’) M
2 2 2

Sunss(G) = ity s (7600 @0) + (Tean @) + (Yoo (80) ).

@

Definition 3.2

Let (FA) = {(81 050 (80, Trap 68D Yr@o (8 | 6; € U} and (G) =
{(6}, 06 (0, Tg (e (00, Y (ap (é})) | 6; € ’Ll} be two NHSSs defined over a universe of discourse
U. Then, the correlation measure between (F,A) and (G,A) can be described as follows:
Cruss(FA), (GN)) =
S Bt (0 (80 * T (80 + Trap (8D * Toa (80) + ¥y (80) * Yo (8 ).
(©)
Proposition 3.3
Let (FA) = {(81 0r(a0 (8, Trp () Yr@o(8)) | 6; € U} and (G) =
{(80 060 (82, T (), Y0 (8)) | 6; € U} be two NHSSs and Cyss((F,A), (G.A)) be a
correlation between them, then the following properties hold.
L. Cyuss((FA), (GA)) = Syuss(FA)

2. Cyuss((FA), (GA)) = Syuss(G.A)
Proof: The proof is trivial.

Definition 3.4

Let (FA) = {(81 050 (80, Trap 6D Yr@o (8 | 6; € U} and (G) =

{(Si, 050 (60 T (8, Vg ) (Si)) | 6; € ’U} be two NHSSs, then correlation coefficient between
them given as Syyss((F,A), (G/A)) and expressed as follows:

W) (CRY) = — Cnmss(FAGR)
Ounss (PR, (M) = o s Vomnss G @)

Snuss(FA), (GA)) =
Tkt Z?=1<Ugr(ak)(Si)*ﬂg(ak)(5i)+ Tg:(\a’k)(Si)*rg(ak)(Si)"'}'}'(ak)(si)*}'g(\a’k)(61'))

e (N T § e S RN § O
Proposition 3.5

Let (FA) = {(61" U?(dk)(ai)’TT(dk)((Si)'y?(dk)((Si)) | 6 € U} and (G,A) =

{(61" TG (60 Tgea) (60, Ygap (51)) | 6; € ‘U} be two NHSSs, then CC between them satisfies the

following properties

> ©)

2
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L 0 < Suuss((FA), (GA) <1
. 6NHSS((T"K)' (gj"\)) = 5NH55((§:%)'(T:A))
3. If (FA) = (GA), thatis V i, k, 0r(5,)(8;) = 05(4,)(8:), Tr@,(8:) = Tg(a,)(6;), and
V?(dk)(5i) = Vg(dk)(5i) then SNHSS((T}")' (g:%)) =1
Proof 1. Syyss((F,A), (G/A)) = 0is trivial, here we only need to prove that Syyss((F,A), (GA)) < 1
From equation 3, we have

Snuss(FA), (GR)) = XRe,1 Xy (UT(dk) (61 * 0G(a,) (6:) + Trea,) (60 * Tgea,) (01 + Ve (8:) *
Y5 (5i))
= St (070 (80 * 05 (81 + Traan (81) * Taap (1) + Y (61 * Vga (61)
+ T (om0 (82) * G0 (82) + Traa (82) * Taa (82) + Vra (62) * Vg, (62))
+
+
Z 07 @) (On) * 05(a,) (On) + Tra) (On) * Tgea (8n) + Vr@ (On) * Yy (5n))
Snuss((F, A);( A))
(Gra) (80 * Gy (B1) + To(ap (81 * To(ap (1) + Vrcay (82) * Yoan(61) )

_ ) (om0 * 00 (60 + Tran (80) * Toiay (61 + Yran (82) * Vgan(81)

(05 (61) * Oy (6) + T (82) * Ty (61) + V() (82) * V) (80))
(00 (82) * 05y (62) + Trayy(62) * Ty (82) + Yy (82) * Yo(an(62)) +

o ] (05 (82) * Gga)(62) + Ty (62) * Toa) (62) + V) (62) * Vg (82)) +

(05 (02) * Ty (82) + Tra)(B2) * Totam) (82) + Vo (am) (62) * Yg(am) (52))
+
+
(G (6n) * Tgta) Bn) + T (Bn) * Tocany (B) + Ve (Bn) * Vgap (6) ) +
(o) (6n) * Tty (B) + Trcay) (8 * rg(az)(an) + Vo 6n) * Yoy (6n)) +

L(Gf(am)(a ) * G, (6n) + Trea,,) (6n ) * Tg () (On) + YF @) (On) * Yg(am) (5n) J
= Yke1 ((Ur(ak) (61) * Ug(ak)(51)) (Uf(dk) (62) * 054, (52)) +t (Uf(ak) (6n) * oG, (5n))) +
k=1 ((Tr(ak) (61) * Tg (51)) + (TT(dk) (82) * Tga (52)) ot (TT(ak) (6n) * T (5n))) +

Zk=1 ((”f @0 (81) * Vg (51)) + (Vf(ak) (62) * V(@ (52)> ot (Vr(ak) (6n) * Vg (Sn)))
By using Cauchy-Schwarz inequality
Swnss((FA), (GK))? <

i ((U?(dk)(61))2 +(Ufl-'(ék)(62)) +- +(U?(ak)(6n)) ) (( (ak)(51)) (Tf(ak)(5z))2 +~'-+<Tf(ak)(5n))2)

=1 + ((Vf(é,g(&)) (Vﬂf(ak)(5z )2 + et (Var(ak)(5n)) )
) i (o5 @) + (60 @D) + =+ (35a0@) ) + (7ot @) + (Foa0 @)+ + (toa0 @) )
k=1 + ((Vg(ak)(51)) + (Vg(ak)(5z)) +-+ (Vg(ak)(5n))2)

Snuss((FA), (GR))? <
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i ( UT(ak)(6) ( ?(dk)(ai))z + (Vf(ak)(5i))2)
1i=1
< 2 ((owao®)) + (raaw @) + (oo (@))

k=1i=1

Sunss((FA), (GK))? < Syuss(FA) X Sypss(GA).
Therefore, Syyss((FA), (GA)* < Syuss(FA) X Syuss(G.A). Hence, by using definition 3.4, we have

Snnss(FA), (GA)) < 1.50,0 < bypss((FA), (GA) < 1.
Proof 2. The proof is obvious.
Proof 3. From equation 5, we have

6NHSS((T"K)' (9'%)) =
Treq Z?:1(O-T(ﬁk)(5i)*ﬂg(ak)(5i)+ Tg:(dk)(6i)*‘rg(ﬁk)(Si)"'y]:(ﬁk)(Si)*Yg(ﬁk)(Si))

L I () e ey

As we know that
0F @) (01) = 06(a,) (81, Tra (01) = Tgaw,) (01, and Yr,)(01) = Vg, (8) V i, k. We get

SNHSS((:F"K)' (gj«)) = , .
Eﬁlz’i‘:l((aﬂﬁk)(si)) +(rf(ﬁk)(5i)) +<yf(dk)(5i)) )

R (ot @) (ot @0) (100 ) (2122 (05000) #(e0050) *(rstn @)

Snuss((FA), (GM) =1
Thus, prove the required result.
Definition 3.6

Let (F.A) = {(ai' "T(dza(‘si)'Tf(dk)(‘si),w(ak)(&)) | 6; € U} and (GA) =
{(ai’ (a0 (61), T (80, Vg(an (51‘)) | 8; € ‘U} be two NHSSs. Then, their correlation coefficient is
given as Syuss((FA), (G/A)) and defined as follows:

1 FNY CnHss(FA).(GA))
Onss(FAL (GM) = F s R swnss @) (6)

61%IHSS((:F';&)' (g'/x\)) =
Theq Z?:l(af’(ﬁk) (6*06(,,) 6D+ T (a),) (0D *Tg (2, ) O+ Vi () BD*V () (51'))

2 2 2 2
m“"izk’"n2?=1(<%(ak)(50> +<Tf(ak)<5i>> +<Vf<ak)(5i)) >'27c”=12?=1((“g(ak)<50) +<fg(ak><5i))
Proposition 3.7
Let (FA) = {(81 050 (80, Trap 6D Yr@o (8 | 6; € U} and (G) =
{(di, 050 (00 TG, (8, Vg ) (51‘)) | 6; € u} be two NHSSs. Then, CC between them satisfies the
following properties

L 0 < Syuss((FA), (GA)) < 1
2. 61%IHSS.("(:FHK)' (g,/)(\)) = 61%][-155((?:;&); (g,/)(\))
3. If (FA) = (GN), thatis V i, k, af(ﬁk)(&) = ag(ﬁk)(éi), T]:(ﬁk)(ai) = Tg(dk)(&-), and
Yr@ (60 =Yg, (0:), then Snuss(FA), (GA)) = 1.
Proof 1. 8yy5s((FA), (G/A)) = 0is trivial, here we only need to prove that §yyss((F,A), (GA)) <
From equation 3, we have

Snnss(FA), (GR)) = YR Ty (UT(dk) (61 * 0, (6:) + Treay (61 * Tga) (61) + Vreay (6:) *
Yo (5i))

Ms

=
1l

2 2

2

@)

2

(ra0) )

= Yke1 (UT(dk) (61) * 0g(a,) (81) + Treay (81) * T (61) + Yr@n (1) * Yo (51))

+ Yke1 (U}'(dk) (62) * 0G(,) (82) + Tr(a,) (02) * T, (02) + Vr(a (82) * Y (52))
+
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+
m
Z 07 ) (On) * 0g(a,) (On) + Tra) (On) * Tgea (6n) + Vr@ (On) * Yeap (5n))

Snnss((F, A)'( A))
(O'T(dl)((sﬂ * 06(a,)(01) + Teea,)(81) * Tg@,) (01) + Vr@,)(61) * )’g(ﬁl)(51))

] (O'T(dz)((sﬂ * 06(a,) (01) T Tr(a, (81) * T, (01) + Vr@y) (61) * )’g(ﬁz)(51))

(GT(dm) (61) * 054,,)(81) + T, (81) * T5,,) (61) + Y (01) * Vg, (51))
(O-T(di)(dz) * 0G(a,)(82) + Tra,)(82) * T5a,)(02) + Ve(a,)(82) * Yg(ﬁl)(5z)) +

+ ) (O'T(dz)(52) * 0G(a,)(82) + Tra, (82) * Tga,) (02) + Vr(a, (82) * Yg(ﬁz)(5z)) +

(Uf(am) (82) * 0, (62) + Tray) (82) * T, (82) + Vr(am (62) * Vg (52)))
+
+
(05 (8n) * 0y (Bn) + Tr(an)(Bn) * Taay) (Bn) + V() (Bn) * Vgian (Bn)) +
(0 (8n) * O (Bn) + Ty (B) * T (Bn) + Yir(ay) (Bn) * Vg () +

k(Ur(dm)(fSn) * 06 () (On) + Tr(,y) (On) * T (On) + V7@ (On) * Yg(anm (5n)) J
= Yke1 ((Jﬂ’(dk) (61) * 0504 (51)) + (Uf(ak) (82) * gy (52)) +oet (Gf-(ak) (62 * 05 (5n))) +
Yke1 ((T}"(dk) (61) * Ty (51)) + (Tr(ak) (62) * TGy (52)) + ot (TT(dk) (62) * Tgeap (5n))) +

k=1 ((V?(ak) (61) * Vg (51)) + (Vf(ak)(5z) * Yg(ag) (52)) +t ()/f(ak) (6n) * Ygap (5n)))
By using Cauchy-Schwarz inequality
Snuss(FA), (GA)) <

i ((Uf(ak)(51))2 + (0?(&k)(52))2 +oet (Uf(ak)(5n))2) + ((Tf(ak)(51))2 + (TT(&k)(52))2 +oet (TT(dk) (5n))2)

k=1 + ((Vf(ak)(51)) (VT(ak)(52 )2 + et (yT(ak)(5n)) )
- ((Ug(dk)(51))2 + (Ug(ak>(5z)) toet (Ug(ak>(5n) ) ( Tg(ak)(51) (Tg(a,a (52))2 toet (Tg(ak)(5n))2)
" kzl +((ro@o @) + (1@ @)+ + (Yoo @0) )
Shuss(FAL G <
Z Z( O-T(dk)(ai) 2 + (TT(dk)(ai))z + (yT(&k)(di))2>

X Z( g0 (8 ) (T9<dk)(5i))2 + (Vg(dk)(5i)>2>

Sinss(FA), (GK))? < gNHss(fF:A) X Grpnss(G/A).
Therefore, Syyss((FA), (GA)* < Syuss(FA) X Syuss(G.R). Hence, by using definition 3.6, we have

Snuss((FA), (GA)) < 1.80,0 < Suuss(FA), (GA) < 1.
Proof 2. The proof is obvious.
Proof 3. From equation 7, we have

51%/1155((7:’;&): (g:%)) =
Yieq Xiz1 (J?(dk)(ai) * 06, (61 + Tr(a) (6 * Tg(a,) (8:) + Ve, (6 * Vg(ak)(&))

2 2 2 2 2 2
max {Zﬁll iy ((Uf(dk)(6i)) + (Tf(dk)(5i)) + (Vr(dk)(&')) >,ka:1 Xy ((Jg(ak)(5i)) + (Tg(ak) (5i)) + (yg(dk)(5i)) )}
As we know that
0F @) (01) = 06, (81), Tray) (0) = T (01, and Yr(q,)(61) = V() (6) V i, k. We get
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515}155((7:';‘()' (Q,))'(i)) = ) ,
Yieq Xiz1 ((Uf(dk)(5i)) + (TT(dk)(5i)) VT(ak)(5 ) )

max {ET:l Yis ((Gf(dk)(éi))z + (rf(dk)(&'))z + (yf(dk)(ai))z),zgzlzgzl ((Uf(ak)(5 )) n (Tf(dk)(5i))2 + (Yf(dk)(5i))2>}
Sunss(FA), (GR)) =1

Thus, prove the required result.

Definition 3.8

Let (FA) = {(81 0r(a0 (8, Trp (0D Yr@o(8)) | 6; € U} and (G) =
{(&-. 050 (60 T, (8, Vg ) (51-)) | 6; € ’U} be two NHSSs. Then, their weighted correlation
coefficient is given as Sy yyss((F,A), (G,/A)) and defined as follows:
FNY — CwnHss(FA),(G.K))
Swnss(FA), (GMA)) = 8)

VSwnHss(G R Swnnss(GR)
Swnnss(FA), (GA)) =
Tl ﬂk<2?=m<gf (@)D" () OD+ T () $0)*%g () G0+ Yf(ak)(si)*Yg(ak)(5i)>>

jZZLl ﬂk(Z}ll Yi<<af'(ﬁk)(61'))2"'(1-}'({1]{)(6i))2+(yf(ﬁk)(8i)>2>> ngl:l ﬂk(Z’iLl Yi((gg(ﬁk)(si)) +<Tg(ﬁk)(5i)>z+<YQ(ﬁk)(5i)>z>>

2

)
Definition 3.9
et R = (5@ G rrae@) | s€ U and @GR -

{(6i,ag(ﬁk)(&-),Tg(dk)(&),yg(dk)(é'i)) | 6; € rLl} be two NHSSs. Then, their weighted correlation
coefficient is given as 8 yyss((F,A), (G,A)) and defined as follows:

1 SN CwnHss(FA),(G.R))
Swwnss(FA), (GA)) = max{Swnuss(FAR),Swnass(GR)} (19

51}/1\/}155((7:';&)' (Q,%)) =
Tk=1 Qe (Z‘{Ll Yi(a}‘(ﬁk)(6i)*0'g(§k)(5i)+ T (1) 0D *Tg () B+ Yj:(ak)(‘si)*}’g(ak)(ai)>>

maxEZZLl Q (Z?zl Yi((“f(ak) (60)2 +(‘ry_~(ék)(5i))2 +(Yf.(dk) (5i)>2>>,22"=1 d)k(Z?:l ﬂk(2?=1 Yi((”g(ak) (5i)>2 +<T§(ﬁk) (51'))2 +<y§(ﬁk) (5i)>2>))}

(11)
If we consider Q = {i, %,..., %} and y = {%, %,..., %}, then Synuss((FA), (GA)) and
Siynnss (FA), (GR)) are reduced to Syyss((FA), (GA)) and 8xyss((FA), (GA)) respectively.
Proposition 3.10
Let (FA) = {(81 050 (80, Trap 6D Yr@o (8 | 6; € U} and (G) =
{(&-, 05 (60, Tg () (60, Vg(dk)(5i)) | 6; € u} be two NHSSs. Then, CC between them satisfies the
following properties

1. 0< 5WNHS§.((T,;&.)", GA) <1

2. 5WNH3::S‘-((T'A)1£g:m)) = Swnuss((GN), (F,A))

3. If (FA) = (GM), thatis V i, k, 05, (6:) = 05,0, Tr@,) (61) = Tgea,)(6:), and

Y7 (6 = ¥g(a,n (61 then Syyuss((FA), (GR)) = 1.

Proof Similar to proposition 3.5.

4. Application of Correlation Coefficient for Decision Making Under NHSS Environment
In this section, we proposed the algorithm based on CC under NHSS and utilize the proposed

approach for decision making in real-life problems.
4.1 Algorithm for Correlation Coefficient under NHSS
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Step 1. Pick out the set containing sub-attributes of parameters.
Step 2. Construct the NHSS according to experts in form of NHSNs.
Step 3. Find the informational neutrosophic energies of NHSS.

Step 4. Calculate the correlation between NHSSs by using the following formula
Cnuss(FA), (GM) =

m n
Z Z (Uf(dk)(5i) * Ug(dk)(5i) + TT(dk)(6i) *Tg(ag) (6;) + YF () (6;) * )/g(dk)(5i))

k=1i=1

Step 5. Calculate the CC between NHSSs by using the following formula

SNy CnHss(FA).(GA)
Onss(FA) (GR) = VSNHSS(FA)* \[Snrss(GA)

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.

Expert's nentrosophic i Choose
DM &, hypersoft rating for k'Y Find the CC —p|  Alternative
w.r.t sub-attributes with maximum
value of
Correlation
Expert's neutrosophiz coefficient
DM é, hypersoft Iating_ for w'2!
Input w.r.t sub-attributas ) e comelatian
. - : o altematives: and
Alternatives,attributes | - m:;!m. mq:;mm
(Sub-attributes) Expert’s neutrosophic
DM &y hyper=oft rating for §*%
w.rt sub-attributes
L
) . Compute the
Expert's neutrozophic . :
DM &, hypersoft rating for ®'4/ mfomﬁz.mnal .
wr.t sub-attmbutaz neurosop Energles
for each alternativa

Figure 1: Flowchart for correlation coefficient under NHSS

4.1 Problem Formulation and Application of NHSS For Decision Making

Department of the scientific discipline of some university U will have one scholarship for the
position of post-doctorate. Several scholars apply to get a scholarship but referable probabilistic along
with CGPA (cumulative grade points average), simply four scholars call for enrolled for
undervaluation such as & = {X, &2, &3,R*} be a set of selected scholars call for the interview. The
president of the university hires a committee of four decision-makers (DM) U = {83, ,,3,8,} for
the selection post-doctoral scholar. The team of DM decides the criteria (attributes) for the selection
of post-doctorate position such as & = {£; = Publications, £, = Subjects, £3 = IF} be a collection of
attributes and their corresponding sub-attribute are given as Publications = #; = {a;; =
more than 10,a,, = less than 10}, Subjects = £, = {a,; = Mathematics, a,, = Computer Science},
and IF = #; = {a3; = 45,a3, = 47}. Let & = £; x £, x £3 be a set of sub-attributes
L =4y x £y x ¥5 = {ay1,a12} X {az1,a2:} X {azy, as,}
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_ {(au' az1,Az1), (@11, @21, A32), (a11, A2z, A31), (A11, A2z, A32),
(@12, a21, A31), (@12, @21, A32), (A12, A2z, A31), (A12, A2z, A32)
of all multi sub-attributes. Each DM will evaluate the ratings of each alternative in the form of NHSNs

under the considered multi sub-attributes. The developed method to find the best alternative is as
follows.

, v v % x v % x o~
}, &' = {d,, d,, ds, dgy, ds, dg, d,,dg} be a set

4.1.1. Application of NHSS For Decision Making

Assume R = {R!, X2, K3, R*} be a set of alternatives who are shortlisted for interview and & =
{£1 = Publications, ¢, = Subjects, #; = 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,, = lessthan10} , Subjects = ¢, = {a,; = Mathematics,a,, =
Computer Science}, and IF = £5 = {a;; = 45,a3;, = 47}. Let & = £, x £, x £5; be a set of sub-
attributes. Development of decision matrix according to the requirement of the scientific discipline

department in terms of NHSNSs.

Table 1. Decision Matrix of Concerning Department

5, (2,59 (5.7,6) (5.6.9 (538.7) (4.7,.6) (.8.6.3) (5.4.7) (6,.4.8)
5, (59.7) (6.4.7 (582 (742 (95.7) (4.7.9 (9.2.5) (2.8.5)
5 (7,35 (7,42 (8.26) (7,3.6) (8.49 (7.5.8 (9.6.8 (6,.3.38)
5, (547 (4.7,3) (638 (54.6 (7,.3.5 (8.23.2) (54.7 (6,.2.7)

Table 2. Decision Matrix for Alternative X

~ ~ ~ ~ ~

R a, a, a; i, s a, i, dg

5, (35.8) (23.6) (5.1,3) (86.7) (59.6) (8.2.6) (54.1) (9.23,.5)
5, (5.2.7) (246 (3.84) (752 (9.2.6) (5.2.4) (9.25 (8.4.5)
5 (624 (475 (5.1,6) (734 (2.69 (93.5 (23.8) (6.23.8)
5, (247 (7,23 (63.8 (246 (735 (923,.6) (3,45 (6.2.7)

Table 3. Decision Matrix for Alternative X®)

x® i, i, A i, ds i i, dg

5 (856 (542 (436 (486 (765 (4.1,.3) (7.8.5 (8.4.7)
5 (6.5.2) (5.6.5 (958 (645 (7,58 (7,5.7) (3,59  (6,.4,.9)
5 (252 (946 (254 (7,32 (645 (3,57 (462 (6.7.9)
5, (52.4) (75,9 (6.3.4) (9,51 (3,46 (6.5.2) (956 (3.4.3)

Table 4. Decision Matrix for Alternative X®

x® i, i, i, d, s a, i, dg

8 (352 (8.7.3) (7.29 (951 (3.4.6) (152 (951 (7.4.3)
5 (6.7.2) (7.8.3) (2.4.6 (6.1.2 (956 (7.23) (4.7.6) (7.2.4)
8 (3.9.7) (591 (7,32 (212 (798 (7.2.1) (7.45) (1,.7.9)

[y

Rana Muhammad Zulgarnain, Imran Siddique, Shahzad Ahmad, Sehrish Ayaz, Said Broumi, An Algorithm Based on
Correlation Coefficient Under Neutrosophic hypersoft set environment with its Application for Decision-Making



Neutrosophic Sets and Systems, Vol. 46, 2021 138

5, (7.86) (7,25) (7.3.2) (3,2.7) (46.8) (562 (7.2.6) (8.6.9)

Table 5. Decision Matrix for Alternative X®

R 4, i, i, a, ds i, d, g

8, (7.4 (7.3.1) (7,.4.6) (4.9.6) (7,25 (7.3.2) (7.4.6)  (.9.4,3)
8 (145 (6.2.3) (7.4.3) (62,5 (6.2.1) (5.4.7) (3.5.1)  (6.2.7)
8;  (5.4,3) (6.4.7)  (6.2.1) (6.3.5) (4.7.9  (2.7.4) (5.3.9  (3.6.2)
5, (4,.26) (7.4.3) (5.4.9 (423 (4.1.3) (452 (1,65  (1,.5.2)

By using Tables 1-5, compute the correlation coefficient between &yyss(, 8, Syuss(@, 8P,
Snuss(82, 83D, Syuss (0, R™) by using equation 5 given as follows:

Sunss(§0, RD) = 99658, Syyss(, RP) = 99732, Syyss(, X)) = 99894, and Syyss (2, R®) = .99669.
This shows that &;yyss (82, 8®) > Sywuss(, 8®) > 81ywiss (9, R®) > Srynuss (0, RD). It can be seen
from this ranking alternative X is the most suitable alternative. Therefore 8® is the best alternative, the
ranking of other alternatives given as R® > R® > 8® > X1 Graphical results of alternatives ratings can
be seen in figure 2.

Correlation Coefficient for NHSS

0.9995

0.999

0.9985

0.998

0.9975

0.997
.99669

0.9965 RA(1), 68
0.996
0.9955

0.995
RA(1) RA(2) RA(3) R~(4)

RA(1) RA(2) RA(3) R1(4)

Figure 2: Alternative’s rating based on correlation coefficient under NHSS

5. Conclusion

The neutrosophic hypersoft set is a novel concept that is an extension neutrosophic soft set. In
this manuscript, we studied some basic concepts which were necessary to build the structure of the
paper. We introduced the correlation and weighted correlation coefficient with some necessary
properties under the NHSS environment. A decision-making approach has been developed based on
the established correlation coefficient and presented an algorithm under NHSS. Finally, a numerical
illustration has been described to solve the decision-making problem by using the proposed
technique. In the future, anyone can extend the NHSS to interval valued NHSS, aggregation
operators, TOPSIS technique based on developed CC.
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