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Correlation coefficients are used to tackle many issues that include indistinct as well as blurred information excluding is not able to
deal with the general fuzziness along with obscurity of the problems that have various information. The correlation coefficient
(CC) between two variables plays an important role in statistics. Likewise, the accuracy of relevance assessment depends on the
information in a set of discourses. The data collected for numerous statistical studies is full of exceptions. The concept of the
neutrosophic hypersoft set (NHSS) is a parameterized family that deals with the subattributes of the parameters and is a proper
extension of the neutrosophic soft set to accurately assess the deficiencies, anxiety, and uncertainty in decision-making. Compared
with existing research, NHSS can accommodate more uncertainty, which is the most significant technique for describing fuzzy
information in the decision-making process. The core objective of follow-up research is to develop the concept and characteristics
of CC and the weighted correlation coefficient (WCC) of NHSS. We also introduced some aggregation operators in the considered
environment, which can help us establish a prioritization technique for order preference by similarity to the ideal solution
(TOPSIS) based on CC and WCC under NHSS. A decision-making strategy is established to solve multicriteria group decision-
making (MCGDM) problems utilizing developed methodology. Moreover, the proposed method is utilized for the selection of an
effective hand sanitizer during the COVID-19 pandemic to ensure the validity of the proposed approach. The practicality,
effectivity, and flexibility of the current approach are proved through comparative analysis with the assistance of some
existing studies.

1. Introduction

Correlation plays an essential role in statistics and engi-
neering. Employing correlation analysis, the joint re-
lationship of two variables can be employed to assess the
interdependency. In addition to utilizing probabilistic
methods to such a lot of practical engineering complications,

you also can locate several barriers to probabilistic strategies.
Incidentally, the possibility of this process relies on a large
amount of information, which may be random. However,
structures have various uncertainties that are difficult to
elevate, and it is difficult to obtain exact outcomes. So, due to
unexplainable extensive information, the consequences of
probability theory cannot provide experts with suitable
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information. Also, in real-world problems, there are no
adequate grounds to proceed with the renowned statistical
data. The consequences of probability theory are not in favor
of experts because of initial hurdles. So, the probability
theory has insufficient competency to resolve the uncertainty
stated in the data. Various investigators in the world have
predetermined and recommended different methods to
solve such issues which involve anxiety. Zadeh suggested the
idea of fuzzy sets (FS) [1] to solve complex issues which
included anxiety as well as uncertainty. The fuzzy set theory
allows modern ratings of the Mem of elements in the set.
This is represented by the Mem function, and the effective
unit interval of the Mem function is [0, 1]. The fuzzy set is the
generalization of the classical set because the indicator
function of the classic set is a special case of the Mem
function of the fuzzy set if the latter only takes the value 0 or
1. In the fuzzy set theory, the classical bivalent set is usually
called the crisp set. Fuzzy set theory can be used in a wide
range of fields with incomplete or imprecise information.
In some circumstances, decision makers consider the
Mem and nonmembership (Nmem) values of objects. In
such cases, Zadeh’s FS is unable to handle the imprecise and
vague information. Atanassov [2] developed the notion of
intuitionistic fuzzy sets (IFS) to deal the abovementioned
difficulties. The IFS accommodates the imprecise and in-
accurate information using Mem and Nmem values. Ata-
nassov IFS is unable to solve those problems in which
decision makers considered the membership degree (MD)
and nonmembership degree (NMD) such as MD =0.5 and
NDM=0.8; then, 0.5+ 0.8 £ 1. Yager [3, 4] extended the
notion of IFS to Pythagorean fuzzy sets (PFSs) to overcome
the above-discussed complications by modifying
MD +NMD <1 to MD? + NMD? < 1. After the development
of PFSs, Zhang and Xu [5] proposed operational laws for
PESs and established a DM approach to resolving the
MCDM problem. Wei and Lu [6] proposed Pythagorean
fuzzy power aggregation operators (AOs) and established
the DM methodologies to solve multiattribute decision-
making problems (MADM) using their developed AOs.
Wang and Li [7] presented interaction operational laws and
power Bonferroni mean operators for PFSs with their basic
properties. Gao et al. [8] presented several aggregation
operators by considering the interaction and proposed a DM
approach to solving MADM difficulties by utilizing the
developed operators. Wei [9] developed the interaction
operational laws for Pythagorean fuzzy numbers (PFNs) by
considering interaction and established interaction aggre-
gation operators by using the developed interaction oper-
ations. Zhang [10] developed the accuracy function and
presented a DM approach to solve multiple criteria group
decision-making (MCGDM) problems using PFNs. Wang
et al. [11] extended the PFSs and introduced interactive
Hamacher operation with some novel AOs. They also
established a DM method to solve MADM problems by
using their proposed operators. Wang and Li [12] developed
some operators for interval-valued PFSs and utilized their
operators to resolve multiattribute group decision-making
(MAGDM) problems. Peng and Yuan [13] established some
novel operators such as Pythagorean fuzzy point operators
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and developed DM techniques using their proposed oper-
ators. Peng and Yang [14] introduced some operations with
their desirable properties under PFSs and planned DM
methodology to solve the MAGDM problem. Garg [15]
developed the logarithmic operational laws for PFSs and
proposed some AOs. Arora and Garg [16] presented the
operational laws for linguistic IFS and developed prioritized
AOQOs. Ma and Xu [17] presented some innovative AOs for
PESs, and they also developed the score and accuracy
functions for PFNs.

Abovementioned theories and their DM methodologies
have been used in several fields of life. However, these
theories are unable to deal with the parametrization of the
alternatives. Molodtsov [18] developed the soft sets (SS) to
overcome the abovementioned complications. Molodtsov’s
SS competently deals with imprecise, vague, and unclear
information of objects considering their parametrization.
Maji et al. [19] prolonged the concept of SS and introduced
basic operations with their properties. Maji et al. [20]
established a DM technique using their developed opera-
tions for SS. They also merged two well-known theories such
as FS and SS and established the concept of fuzzy soft sets
(ESS) [21]. They also proposed the notion of an intuitionistic
tuzzy soft set (IFSS) [22] and discussed their basic opera-
tions. Garg and Arora [23] extended the notion of IFSS and
presented a generalized form of IFSS with AOs. They also
planned a DM technique to resolve undefined and in-
accurate information under IFSS information. Garg and
Arora [24] presented the correlation and weighted corre-
lation coefficients for IFSS and extended the TOPSIS
technique using developed correlation measures. Zulgarnain
et al. [25] introduced some AQOs and correlation coefficients
for interval-valued IFSS. They also extended the TOPSIS
technique using their developed correlation measures and
utilized them to solve the MADM problem. Peng et al. [26]
proposed the Pythagorean fuzzy soft sets (PFSSs) and
presented fundamental operations of PFSSs with their
desirable properties by merging PFS and SS. Athira et al.
[27] extended the notion of PFSSs and proposed entropy
measures for PESSs. They also presented some distance
measures for PFSSs and utilized their developed distance
measures to solve DM [28] issues. Zulgarnain et al. [29]
introduced operational laws for Pythagorean fuzzy soft
numbers (PFSNs) and developed AOs such as Pythagorean
tuzzy soft weighted average and geometric by using defined
operational laws for PFSNs. They also planned a DM ap-
proach to solve MADM problems with the help of pre-
sented operators. Riaz et al. [30] prolonged the idea of
PFSSs and developed the m polar PFESSs. They also
established the TOPSIS method under-considered hybrid
structure and proposed a DM methodology to solve the
MCGDM problem. Riaz et al. [31] developed the similarity
measures for PFSS with their fundamental properties. Han
et al. [32] protracted the TOPSIS method under PFSSs’
environment and utilized their developed approach to
solving the MAGDM problem. Zulqarnain et al. [33]
planned the TOPSIS methodology in the PFSS environ-
ment based on the correlation coefficient. They also
established a DM methodology to resolve the MCGDM
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concerns and utilized the developed approach in green
supply chain management.

All the above studies only deal the insufficient data
considering membership and nonmembership values;
however, these theories cannot handle the overall in-
compatible as well as imprecise information. To address such
incompatible as well as imprecise records, the idea of the
neutrosophic set (NS) was developed by Smarandache [34].
Maji [35] offered the idea of a neutrosophic soft set (NSS)
with necessary operations and properties. Karaaslan [36]
developed the idea of the possibility NSS and introduced
a possibility of neutrosophic soft DM method to solve those
problems which contain uncertainty based on And-product.
Broumi [37] developed the generalized NSS with some
operations and properties and used the projected concept for
DM. To solve MCDM problems with single-valued neu-
trosophic numbers (SVNNs) presented by Deli and Subas in
[38], they constructed the concept of cut sets of SVNNG.
Based on the correlation of IFS, the term correlation co-
efficient (CC) of SVNSs [39] was introduced. Ye [40] in-
troduced the simplified NSs with some operational laws and
AOs such as weighted arithmetic and weighted geometric
average operators and constructed an MCDM method based
on his proposed AOs. Masooma et al. [41] progressed a new
concept through combining the multipolar fuzzy set and
neutrosophic set which is known as the multipolar neu-
trosophic set, and they also established various character-
ization and operations with examples. Zulgarnain et al. [42]
presented the generalized neutrosophic TOPSIS and used
their presented technique for supplier selection in the
production industry.

Smarandache [43] protracted the idea of SS to hypersoft
sets (HSS) by substituting the one-parameter function f to
a multiparameter (subattribute) function. Samarandache
claimed that the established HSS is competently dealing with
uncertain objects comparative to SS. Nowadays, HSS theory
and its extensions have been arising unexpectedly. Several
investigators go through progressed distinctive operators
along with characteristics under HSS and its extensions
[44, 45]. Zulqarnain et al. [46] presented the IFHSS which is
the generalized version of IFSS. They established the TOPSIS
method to resolve the MADM problem utilizing the de-
veloped correlation coefficient. The authors of [47] in-
troduced the Pythagorean fuzzy hypersoft sets with some
basic operations and their properties. They also established
a decision-making technique to deal with decision-making
complications. Zulqarnain et al. [48] proposed the Py-
thagorean fuzzy hypersoft sets with AOs and correlation
coefficients. They also established the TOPSIS technique
using their developed correlation coefficient and utilized the
presented approach for the selection of appropriate antivirus
face masks. Zulqarnain et al. [49] presented some novel
operations for interval-valued Pythagorean fuzzy hypersoft
sets and discussed their desirable properties. They also de-
veloped the correlation coefficient and weighted correlation
coeficient and developed a decision-making technique to
solve decision-making issues utilizing their developed cor-
relation measures [50] because the above work is considered
to examine the environment of linear inequality between the

MD and NMD of subattributes of the considered attributes.
However, all existing studies only deal with the scenario by
using MD and NMD of subattributes of the considered
attributes. If any decision maker considers the truthiness,
falsity, and indeterminacy of any subattribute of the alter-
natives, then, clearly, we can see that it cannot be handled by
the abovementioned theories. To overcome the above lim-
itations, we proposed some AOs for NHSS such as neu-
trosophic hypersoft weighted average and neutrosophic
hypersoft weighted geometric operators. The core objective
of the following scientific research is to develop novel AOs
for the NHSS environment and processing mechanism,
which can also follow the assumptions of NHSNs. Fur-
thermore, the TOPSIS technique to solve the MCGDM
problem was developed and a numerical illustration to
justify the effectiveness of the proposed approach under the
NHSS environment was presented.

The rest of the article can be summarized as follows. In
Section 2, we introduced the fundamental notions such as
SS, NSS, and NHSS, which can help us to build the sub-
sequent research structure. In Section 3, we planned the
correlation and relationship with NHSS informational en-
ergies and used the correlation and informational energies to
develop CC, WCC, and their characteristics. Also, we use
the planned CC to establish the TOPSIS method under-
considered environment and propose some aggregation
operators. To solve the MCGDM problem, an algorithm is
established by using the presented TOPSIS approach, and
a numerical explanation is provided in Section 4. Moreover,
the planned DM method is used for the selection of mul-
tipurpose hand sanitizer in the COVID-19 pandemic. Also,
we apply some available techniques to propose a compara-
tive analysis of our planned approach. Similarly, the benefits
of the planned algorithmic rule, superiority, tractability, and
effectivity are presented. We will briefly discuss and equate
the proposed strategy along with available methodologies in
Section 5.

2. Preliminaries

In the following section, we recalled fundamental concepts
that help us to develop the structure of the current article
such as SS, NS, NSS, HSS, FHSS, and NHSS.

Definition 1 (see [18]). Let % and & be the universe of
discourse and set of attributes, respectively. Let 5 (%) be the
power set of % and &/ C&. A pair (¥, &) is called a SS over %,
and its mapping is expressed as follows:

Fod — P(U). (1)
Also, it can be defined as follows:
(F,d)={F (e) € P(U): ec &EF (e)=Dife ¢ A}
(2)

Maji et al. [21] explored the theory of FS and SS and
planned a more generalized version to handle the un-
certainty compared with the existing FS and SS along with its



unique features. This is generally known as a fuzzy soft set,
which is a combination of FS and SS.

Definition 2 (see [21]). Let % and & be a universe of dis-
course and set of attributes, respectively, and & (%) be
a power set of . Let o/ € &; then, (¥, &) is an FSS over %,
and its mapping can be expressed as follows:

Fod — F(U). (3)

Definition 3 (see [34]). Let % be a universe and o be an NS
on % which is defined as o={v, (T 4 (), T4 ),
Cy(v):veU}, where 7, F, € % — 107, 1*[ and
00 <T g+ T4 W) +C4H(v)<3™.

Maji et al. [35] established the notion of the neutrosophic
soft set by merging the two existing theories such as NS and
SS with some basic operations and their properties.

Definition 4 (see [35]). Let % be the universal set and & be
the set of attributes concerning %. Let & (%) be the set of
neutrosophic values of % ando/C&. A pair (&, ) is called
a neutrosophic soft set over % and its mapping is given as

Fod — P(U). (4)

Definition 5 (see [43]). Let % be a universe of discourse and
P(%) be a power set of % and k=1{k,, k, ks,...k,}, (n>1)
and K; represented the set of attributes and their corre-
sponding subattributes such as K;NK; =¢, where i#j for

eachn>1andi,je{l,2,3,..., n}. Assume K; x K, x K5 x

t
...XK,=A={ay, xay x---xa,} is a collection of sub-
attributes, wherel1 < h < a,1 <k < f,and1 <[ < y,anda,

t
B,y €N. Then, the pair (#,K,; x K, xK; x...xK, = A)is
known as HSS defined as follows:

t
F K xK,xKyx--xK,=A— PU). O

It is also defined as

(9,2):{&,9 (&):izejﬁ, 92(@69’(%)}. (6)

t
A

Definition 6 (see [43]). Let % be a universe of discourse and
P(U) be apower set of # and k = {k,, k,, k3,...,k,}, (n>1) be
a set of attributes, and set K; as a set of corresponding
subattributes of k;, respectively, with K; N K ; = ¢ for n> 1 for
je{l, 2, 3, .., n} and i#j.

each i, Assume

leszK3><...><K,,:es;f:{a1h X Ay X -+ X ay} is a col-
lection of subattributes, where 1 < h..a, 1 <k <3, and
1 <l<y,anda, fB,and yeN, and IFS% is a collection of all
intuitionistic fuzzy subsets over %. Then, the pair (&,

t
K, xK,xK5x...xK,=4)is said to be IFHSS over %, and
its mapping is defined as
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t
F K xKyxKyx---xK, = — %, (7

It is also defined as

(F. o) = {(a,fy«n (a)): Ged T () e IBSY ¢ [0, 1]},
o oA

(8)

where  F i (@)={6,05 4 (0), T3 (8): 8 € %},  where
05 (0) arfd Tg (s (0) represent the membership and
nonmembership values of the attributes such as o4 ) (9),
Tg @ (0)€[0,1] and 0 < 05 ;) (8) + 755 (0) < 1.

Simply an intuitionistic fuzzy hypersoft number
(IFHSN) can be expressed as 9={(0g(h)(6), ‘rg(d)(S))},
where 0<0g ;) (0) + 75 (5 (0) < 1.

The abovementioned IFHSS only deals with the MD
and NMD of subattributes, and it is unable to accom-
modate the indeterminacy of the multi-subattributes of
the considered attributes. To overcome such complica-
tions, the concept of NHSS has been developed by
Smarandache.

Definition 7 (see [43]). Let % be a universe of discourse and
P(U) be a power set of  and k=1{k,, k,, ky,...k,}, (n>1),
and K; represented the set of attributes and their corre-
sponding subattributes such as K;NK; =¢, where i#j for

eachn>1andi,je{l,2,3,..., n} Assume K; x K, x K5 x

t
.. XK, =A={ay, xay x---xa,} is a collection of sub-
attributes, wherel1 < h < a,1 <k <f,and1 <[ < y,anda,
B, yeN, and NS% represents neutrosophic subsets over %.

t
Then, (#,K; x K, x K5 x--- x K, = A) is called NHSS, and
its mapping can be expressed as follows:

t
Fi K, xK,xKyx---xK,=A—Ns*. (9

t t
It is also defined as (%F,A)=4(a,F:(a)):acA,
LO;:g ((i) € NS%}, where cc;:( ((i) = {V, gg(m (‘V‘)A, jg(d) (V),
A A

Cg@(v): ve U, where T g 4 (v), Iz (a (v),and €5 ;) (v)
represent the truth, indeterminacy, and falsity grades of the
attributes such as I g ;) (v), Fgm V), €z, (v) €€ [0, 1],
and 0< T gy (MN+Igm(M+Cgp (v) < 3.

Simply a neutrosophic hypersoft number (NHSN) can be
expressed as & = {(9'g(é) ), I 7@ V), €z (v))}, where
0<T g+ Igu (W) +Czq (V)< 3.

Example 1. Consider % ={v,, v,} is a universe of discourse
and  8={L, = Teaching methdology, L, = Subjects, L, =
Classes} are the considered attributes, and their corre-
sponding n-tuple subattributes are given as follows:
L, ={a,, = projectbase, a,, = classdiscussion}, L,={a,, =
Mathematics, a,, = Computer Science, a,; = Statistics}, and

t
Classes = Ly = {a;; = Masters, as, = Doctorol}. Let A = L; x
L, x Ly be a set of attributes
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t
A =Ly x Ly x Ly ={ay, ay} x{ay, a5, aps} x{a, a5, }
_{ (11> 821> a31)> (311321 @32)> (@11, A5 A31)> (3115 320 B32)s (@115 B35 A1) (011’a23’a32)>} (10)
(12831 @31)s (312 321> A3)> (312 A2 31 )5 (@12 A2 32)5 (@125 3> 331)s (G120 0230 332)
t
A ={ay, 4y, 83,0y, s, Gg, A7, g, Ao, g, Ay Ay}
Then, the NHSS over % is given as follows:
(a1, (815 (:6,.3,.8)), (8, (.9,.3,.5))), (@, (81 (:5,.2,.7)), (8, (.7.1,.5))), (@35 (8, (.5,.2,.8)), (85, (:4,.3,.4))),
) = (ag (815 (2,.5,.6)), (8, (5,.1,.6))), (@5, (81 (:8,.4,.3)), (8 (:2,.3,.5))), (@6 (81, (:9,.6,.4)), (85, (.7,.6,.8))),
’ (a5 (815 (.6,.5,.3)), (85, (4,.2,.8))), (g, (8) (:8,.2,.5)), (85, (.6,.8,.4))), (g, (81 (.7,.4,.9)), (6 (.7,.3, 5))),
(@100 (815 (8,.4,.6)), (83 (.7,.2,.9))), (@11> (815 (:8,.4,.5)), (85, (4,.2,.5))), (a5, (815 (.7,.5,.8)), (85, (.7,.5,.9)))
(11)

For  simplicity, we will express &%,
{{(«7%(@) (v;), jy(a) (V,‘)>(gg(;;) (V,))} lv; € %} S
<9g(éﬁ),]y(ﬁu), (Sg(ﬁi,)> which is called NHSN, where
0< 99(@ + fg(zz,.j) + Gg(a )<3 and 99(aij)>f9(aij)’
(O F (@) € [0, 1]. The score functlon for NHSNs S% is defined

as follows:
o3)- 72
L 7 (a;)

where & (lja ) € [-1, 1], and sometimes the score function is
unable to compare any two NHSNG. Like §; =.6,.2,.2 and
Ja, =511, in such cases, it is difficult to choose which
alternative is more appropriate. To handle such types of
information, we need to introduce the accuracy function for
NHSNs such as follows:

H(80) =7 o) 7o(6) * Sl H(Sn) < 01
(13)

7 (a,) (12)

n

t m
Snmss (9 A) = Z
k=1
m
CNHss(@ B Z
k=1i=1

t
Definition 9. Let (p, A) = {(vi,gp(ak)(v,»),J’p(‘;lk)(v,»),(ip(ak)
t
(vl €%} and (@, B) ={(vy, T g(a) (V) T ga, (v

2 ((%@) (@)2 (7@ <v,»))2 (6, (V,.))z),
i(( a‘(d)(V> <J@(ak)(vi)>2+<G@(ak)(vi)>2>.

In the following, we present the comparison laws to
compare NHSNs Sﬁij and Séu such as

() If §(Fa) > S(T

(i) If () =S (Z;,), then

(W) If H(S,,) > H(T, ), then ;> T,
) IfH(lsa) H(T,, 5, then B

ij

~
51,-])’ then 3a, > T .

i

3. Correlation Coefficient for Neutrosophic
Hypersoft Set

In the subsequent section, we are going to present the notions of
CC and WCC with their necessary properties over NHSS. Also,
some aggregation operators for NHSNs will be introduced.

t
Definition 8. Let (g, A) = i{(vi, gp(ék)(vi)’jp(&lk)(vi)’

Coaplvi €%} and  (@,B)={(v, T g, (v T g(a
(vi),G@(ak)(vi))Ivi € %} be two NHSSs. Then, their in-
formational neutrosophic energies can be defined as

(14)

G@(ak)(vi))lvi € %} be two NHSSs. Then, the correlation
among them can be defined as

%NHSS«@’A)(@’B))ZZZ< ga(dk) *‘/Q(d)(v)+jp(d)( )*j@(d)( )+@p(fjk)(vi)*6:@(&lk)(vi))' (15)

=

=1 i=1
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Proposition 1. Let (p,A)= (vi,gp(ak)(vi),fp(ak) (vp),
S V)lvi €%} and (@ B)={(v T gy (V) Faa,
13
(vi),(S@(ak)(vi))Ivi € U} be two NHSSs and € s (0, A ),

t
(@, B)) be a correlation between them and satisfied the fol-
lowing properties:

(1) Gyss (9, A, (1 4) = 6ypss (s A)
(2) %NHSS ((Q> B)> (Q> B)) = GNHSS (@; B )

Bruasss (2 A), (6, B))

(SNHSS ((@x A)s (@s é)) = . ;
\/(@NHss (g, A) * \/PNHSS (@, B)

Onmss (g5 A), (6.B)) =

Complexity

Proof. By utilizing equation (15), it easily can be
proved. O

t
Definition  10. Let (g, A): {(Vi’9p(ak)(vi)’jp(ak)(vi)’

t
€,y (v))lv; € %} and (@, B)= {(v,-,9@({3k)(vi),J@(ak)(vi),
(S@(Zik) w)lv; € U} be two NHSSs; then, CC between them is

given as Oyyss (0> ) (@, B )) and expressed as follows:

(16)

Y Z?:l(%(ak) () * Ta@ay i) + T o(a) ) * Ta@ay ) + € a) (v) * Cqa (Vi))

\jz S ((70a0®) (T ) +(Soan®)) Jz S ((7aay0) (e 00) +(Saay))

i
Theorem 1. Let (p,A)= {(Vi’gp(ilk)(Vi)>Jp(£lk)(Vi)’ €@<ak)
i
(v)lv;, €%} and (@, B)={(vi, 9‘@(3k)(vi), J@(ak)(vi),
G@([ik)(vi)) |v; € U} be two NHSSs; then, CC between them
satisfies the following properties

(1) 0< 8NHSS ((P: A) (@ B)) <1 ;
(2) dnmss ((@)A) (@, B)) Onmss (@, B), ((Q’A))

n

5NHSS(([§7>A)a (G,B)) = Z(Op(dk)( i) *

1i=1

Il M§

=~

I
M=z

>~
Il

1
m

k=1

+

s (g, A), (@, B))

T (@) () * T (@) () + 6,y (1) + gy (1) )+

NHS:!
<gp(d) V1 *'/Q(d)( )+
(7)) * Ty () + T 00) Ty () + €,y () Gy () )+

_ <=%(am)(vl) * T g a,) )+ T,y () * Tqa,) () + €y g,y () * %(;zm)(vl)) ‘

(17)

that is, Vi k S
(v) and C

G If (. A)=(0.B),
Seay Vi I @y W) =

C g (a, (Vi) then Sy (o5 A), (@, B)) =1

k(i):
F(d)()

t t
Proof.  Oypss (0, A), (@, B)) 2 0 is trivial; here, we only
need to prove that Syyss (0, A), (@, B)) < 1.
From equation (15), we have

T a(a) )+ T ) () * T a) () + €y ay () * Cga) (v ))
(97p(;zk)(vl) * T q(a) (1) + Foay) () * Ta(ay () + €y ay(vi) * %(;@(W))

(T ) (02) * T iy () + T (12) * Ty () + 6 (12) # G 3y ()

( o(a) () * T o) ) + I ) ) * T g(a) (Vi) + € a) (v) * € (Vn))’

+




Complexity
(99(51)(V)*J@(d)( )+ T o) ) * g (a) (va) + € ay () * € a) ( ))
( o() (V) * T gy V) + I ) V) * T g a,) () + €3y (Vi) * €, ( ))+
+ 4 . -
+

k<9‘p(am)(v ) * T q(a,) V) + Foa,) (V) * Ta(a,) V) + €oa,) () * €y (v ))
(00 02) % T iy (2) + T (72) # Ty (12) + 6, ) (72) * S 3 ()
(18)

' 9((3 d,
( o (d )(Vz) *J a(a )(Vz) + jp(zzz)(vz) *j@(&zz)(vz) + Gp(dz)(VZ) Coa )(Vz))

<
+

<9p(d Y2) * T gy () + Ty (V) * Tg(a,)(v2) + €y (1) * Cq g, )(V2)>
(%(ak) (V) * 9'@(ak)(vn)>)+

(<9P(dk "*Ta@, )(V1)> ( T o) (V) * T a(a) (V2)>
(

(7o) # Zagay () #(Fagay 02 = Faay () + -+ (T () * Fagay (o)) )+
(o () * Sagay ()

T
)

Mz

=~
Il
—_

(( o () () *Caay (VI)) +(G@(ak) (v2) * Co(a) (V2)>

NgE

>~
Il
—_

By using Cauchy-Schwarz inequality

Snmss (g, A), (@,B))* <
(( () ))2+( (@) ))2+ +(va(r3k)(vn))2>+<(‘](@(fik)(1’1))2+(j@(ak)(vz)) + +( ) ))2)

.+(Gp(ak)(vn))2>

*((%(ak)(vl))z +<(5K,(ak) (V2)>2 +
(( o )(Vl))z +( a(a )(Vz))2 A +<=°7@(ak)(vn))2> +<(J@(ak)(vl)> (J((dk)(vz))

(S 00 #(uay )"+ (60 )))

v (Lo (vn))2>

Mz

T
L

m m n

P

k=1k=1i=1

(SNHSS ((@, A), (@, i}))z <
(7o) (7o) +(Sar0) ) x E3((atar®9) +(Faay () +(Seay))
(19)

i i i
Synss (19 A), (@ B))” < oyprss (95 A ) X Gypss (@B )



Complexity

t t t
Therefore,  Syyss (9> A), (@, B))* < Snmss (@, A)x  Proof. 'The proof is straightforward. O

t
Gnuss (@,B). Hence, by using Definition 9, we have

t t i Proof. From equation (17), we have
6NH$S ((p)A)) (@)B)) < 1 SO) 0 < 8NHSS (((O’A),

(G,B)<1. 0

Srasss (g A), (6, B))

Y Z?:1<9p(ak) (i) * T g (a0 ) + Ty ) * T () + €y ) (V) * €z (Vi))

Jzz"_l S (7o 00) +(oay ) +(Soay®) ) \]z 2 (7 ) +(Za@y0) +(Seay) )

(20)

As we know that J@(d)(")—‘/@(dk)(v) F o) (vy) =
I o, ), and € (d)(v)—(,@(d)(v)VI,k we obtain

Ssss (g0, A), (@, B)

. Yk Z?:1<(%(ak)(vf))2 +( T () (vi))z +(%(ak) (V,-)>2)

\]z S (7000 00) +(Zoa®) +(S,a00) ) Jzk (7o 00) (o)) +(Say) )

Sriss (0. A), (@, B)) =

(21)

Thus, prove the required result. O @@(ak)(vi))lvi € %} be two NHSSs. Then, their correlation

i . . t t

Definition  11. Let (g, A)= {(VI’J (Vi)’jg.v(r;l )(Vi)’ coefficient is given as 511\1Hss((@’ A), (@, B)) and defined as
i follows:

(Sp(;jk) (v)lv; € %} and (@, B) = {(v,,?]md )(v) J e )(v)

Sliss (0, A), (@, B)) = — Crnss (@ A.(@5)

maX{CNHss (> A) Snmss (@ B }
2

I B * T 0 ()4 T () # T ) (7) 4 () * S0y ()

moc{ 52 52 ((7, (v)) +( ) (v)) (0a0®) )2t 2 (T 00) (7o) +(Sa ) )}

C T (T (T o i) ) * T iy )+ T iy () * Ty () + 6, 1y () * Sy (1))
Synnss (9, A), (@, B)) = 2 2 2 2
V2 (5 (Zuay 00) (o 00) (G0 ) 2 (550 (7 ) + (e 00) ey ))

(22)

SN (g, ;\), (@, ffi)) =




Complexity

i
Theorem 2. Let (p,A)= {(vi,gp(ak)(vi),JP(ak)(v,»),(Sp(‘;lk)
i
(v)) v, e and (QB)={(vis T g,V T,
(S@(dk) (v;)) |v; € U} be two NHSSs. Then, CC between them
satisfies the following properties

(1) 0< (S}VHSS((Q A) (@ B)) <1

(2) Onpss (g5 A) (@, B)) Opss (@, B), (g, A))

(3)If (p,A)—(@ B) that is, ¥ i, k, T ,q,(vi) =
4 ), Jp(d)(v)—fé (v) and(Sp(d ( ;) =

C (Vi) then Syygs () A) (@, B)) =1

Proof. 1t is similar to Theorem 1.
It is very important to deliberate the weight of NHSS for
practical fortitudes nowadays. Whenever experts regulate

%WNHSS(( ) (@, B))

Susss (> A), (@ B)) =

t
Swss (9> A) * \[Gwmss (@ B)

Syaiss (g A), (@, B) =

distinctive weights for every alternative, the choice might be
dissimilar. So, it is, precisely, to plot the weights for experts
preceding assembling a decision. Assume the weights of

experts can be expressed as Q ={Q,,Q,,Q,,...,Q,}",
where Q. >0, YL, Oy =1. Similarly, assume the weights for

subattributes as follows = {y1, V2 ¥3---»y} » where
i >0, XL vi=1 m

t
Definition ~ 12. Let (g, A)= {(vi, 9p(ak)(vi),fp(ak)(vi),

t
Coay WDlvie®t and (G B):{(Vi,g@(ak)(vi))
j@(,;zk)("i)’ G@(ak)(Vi))M € %} be two NHSSs. Then, WCC

t t
among them is expressed as Synyss (0, A), (@, B)) and
defined as follows:

T (T (T 0 ) * Ty )+ T 0y () * Ty () + 6, 1 (7) = Sy ()

V2 (5 (Zuaa 00) (o 0) (S0 ) W 05 (3 (7 0) + (e 00) (e ) ))

t
Definition ~ 13. Let (g, A)= {(v,-,gp(ak)(vi),Jp(ak)(vi),

t
€y (i€} and (@B ={(v,T o)) T g,
(v), Ca(ak)(v,-))lv,- € %} be two NHSSs. Then, WCC among

Gwnss (> A), (@ 1(3))

t i)
max{ Gynass (9> A)> Gyss (@ B)}

5\‘4\'NHSS (0 A)’ (@ é)) =

‘ 0, (6 YA
Syuss (1, A), (@, B)) =

(23)

i i
them is also given as (S‘%NNHSS ((p, A), (@, B)) and defined as
follows:

Y.-(%(;w ) * T gy () + T o) (V) * I gy (W) + Gy ay (1) * G(J(fh)("i)))

If we consider Q={1/m, 1/m,..., 1/m} and y={1/n,

l/n,. ;., 1/n}, then Jyypss (> A), (@, B)); and §SWNHss
((g), A), (@, B)) are reduced to Syypss (0 A), (@, B)) and

WNHSS (g, A), (@, B)) respectively.

t
Theorem 3. Let (p,A)= {(vi, F/”p@k)(vi), fp(ak)(vi),
N L) v € %} and (@, B)={(vi» T ga, (V)
e, )(v) Ca (v)) |v; € %} be two NHSSs; then, WCC
between them satzsﬁes the followmg properties:

(1) 0 < Syyuss (s A), (@, B)) <1

max{z;; Qk<2f‘:1 y,((gp(&k)@,,))z (7o) +(cp(ak)<v,>)2>),z;; \wk<22":1 ok<z,11 yi((.crﬁ(ak)(v,.))z H(Fa@ym) +(c@(ak)(v,))2>>>} .

(24)

(2) 6WNHSS g(% A)) (i@’ 123)) = 6WNHSS ((@, é), (g), A))
B)If (p,A)=(Q,B), that is, ¥V i, k ./p NOE
T ak)(V-) ngz)(v-)Z d)(v) and@ ( ) =

(v) then 6WNHSS(([Q,A) (@, B)) 1
Proof.  Swnnss (> ;&), (@, é)) > 0 ig trivial; and here, we

only need to prove that §y\yss (0, A), (@, B)) < 1.
We have



10 Complexity

Cywnnss (05 A), (@, B))

=)0 <Zyi<9p(ak) () * T g (a) (Vi) + T g (a) (V) * T a) (i) + €3y () * € a (W)))

k=1 i=1
> Z%(%(%(&k) () * T q(a) () + T ) ) * Tqay) () + € ay () * Cqa (h)))

+ ZQk<Y2<9p(ak) (v) * 7 a(a) (v2) + I o () (v) * j@(ak)("z) +Cya) (v) * Co(a) (V2)>>
k=1

+

+

;ok(n(ff@(ak) (%) % T iy () + 7 (1) () * T ) () + Coay () * Gy (1) ))

. (21()/1(9},(31)(1/1)*9‘@(&1)(1/1)+L7@(al)(vl)*f@(al)(vl)+(§P(al)(vl)*(S@(a])(vl)>)+ A

(1) )+ T iy () + T () * T iy () + 6, (1) = S ay () ) )+

Il
A

+

|0 (11( T (1) () * T i) () + T a0y () * Ty () * S () * S 4 (1) ) )
(12T 3 (2) * T iy () + Ty (02) * T () + iy (12) * S iy () ) )+ |

QZ(Y2<gp(az) (v,) = 9@(32) (v,) + fp(az) (v,) * f@(az) (v) + @:p(az) (v,) * G@((iz) (V2)>>+

+

012 T (1) (72) * T (i) () + T 1) (12) * T (92) + 6 ) (1) + € 4, (1) ) )



Complexity

(Vo 72 (T 1) (72)) # VO 72 (T ) () + VO 72 (7,03 02)) # VT 2 (T ()

_ 0, 7 (€, (1)) * VA 72 (64 (7))

[ 01T ) ) * Ty () + 70 ) * Ty () + €y () * S ay () ) )+ |
Qz()/n(gp(az) () * T g () (V) + T ) (V) * T (a) (Va) + € a,) (V) * € a) (Vn)>)+

+

| O V( T o () (V) * T q(a,) V) + Iy (V) * T ga,) (V) + €,y (v )*%(&)(V)))‘

*\/_<@@(d)(1’1)>)+

Qz(\/—< p(d)(vl)) (J@(d)(vl)>+\/—< g](d)vl))* N2 (j@(d)‘ﬁ)*'\/)’_l(@p(az)(‘ﬁ))
*\/_<@:@(d)(”1)>)+

(T ( Ty 00) # VI (T 00y )+ VT (T 00+ VT (T 00)) + 3T (S ()
* \/ﬂ(cs:@(dm)("l)))

' Ql<\/—< (d)(vl)) < @(d)(V1)>+\/—< (d)(V1)> ( @(d)(V1)>+\/ﬂ<@p(al)(V1)) ‘

11
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i

(VT2 (T () )+ VT2 (T a1 72)) # VT2 (T )+ VT2 (Tt (2)) # VT (€ ()
* V72 <%(am) (Vz)>>

R

X

" (25)

By using Cauchy Schwarz inequality, we obtain

Gwuss (> A), (@, Itﬁ))2 <

o))
20))
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0 (7)) (e 00) +(Saqy0) )+ 0 (5 @(d)m)) (o) +(Say@) ) +-or
0 (7)) +(Zaay @) +(Sa@y))
Qly2<(9@(al)(v2)>2+(]2v (1)) +(Sagay () 2)+sz2<(§7@(d)(v2)> H(Faay) (@@(32)(v2))2>+...+ ’
((%(d>(vz))2+(f@(d)(vz Ca(a,)(v2) )

+

Q””((‘%(a,)(vn))z H(Faayo) +(@@(a])(vn))z> v szz<(9@(az)(vn))2 H(Faay) +(c@(az)(vn))2) R
+men<<é7@ (,) (vn))2 +<J@ () (vn))2 +<%(am) (vn))z)

(26)
Guanis (1, 4), (0. B)) <
2 2 2
Zﬂk<2%<( o@ ) +(To@y ) +(Cay () ))
§ (27)
2 2 2
X ZQk<Z%<< @(d) > +<']@([ik)(vi)> +<G’@(Elk)(vi)> ))
<‘gWNHSS ((p’ A)) (Qa B)) < GwNSsS (@, ;‘1) * CWNHSS (@,é)
Therefore, Gwiiss (g A) (@, B )) < Proof. The proof is straightforward. O

\/CWNHss (p> A) * Gwass (@ B ); hence, 0< dynpss (0, A))
(@, B)) <1. O

Proof. From equation (23), we have

Synnss (0 A)’ (@, ft5))
) Py Qk(ZL %(J‘?p(ak)(vi) * T q@a) Vi) + T ) (V) * Ty () + €y () * Cqa (Vf)))

\jz 0 S (700000 (o) +(S0 0 <v,-))2))\jzztl (22 (7 ey 0) +(Ta ) +(ey®) )

(28)

As we know that I @) (v) J@dk)(v) Jp(d (v) =
@(d)(v) and (ng(d)(v) (S@(d)(v) Y i, k. We obtain

t

Synmss (0> ;‘)) (@, B))

ZanQk(Z?:lVi((gp(ak)("i))er( p(d)(v p(d) >>
Jz;&ok(z (7o) +( p(ak)(m)z+(c@(ak)(v,-))z))\jzztlnk(z (( W(d)(m)z (7o ®) +(Sa®) )

Swnmss (g ft\), (@, 113)) =1

(28]
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Definition 14. Let S‘ij=<f7g(aij),fg(aij)>,(Sg(aij), 3311=
(o - - - . — [T . -
(T 5@ f%(du)’@?(du)>’ and g, =(T 5,07 70
Cy 312)> be three NHSNs and « be a positive real number;

by algebraic norms, we have
cg. . — (o . o
1) 34,@34, = <J?(d“) +{/
I @) I 7@, C7 )¢
Cg. . — (o - o - . .
@ 34,933.=  <T5ayTsardzan* S
g 7@y €@t €@y ~ CoanCsaa, >
— o
(3) aFy =<1-(1-94)%.7;°%€; >

. o . o .
Fay~ T Fan? F@d,y

F ()~

NHSWA (3,5 Sa,- -

Complexity

(4) Sgk =<9ak“,1— (1 —jak)a, 1- (1 —(Sak)“>

We develop some AOs based on the above-defined
operational laws for the collection of NHSNs A.

Definition 15. Let Sak=(F/”gl(aj),jg(aij),@g(aﬁ)) be an
NHSN, and €; and y; are weight vector for expert’s and
subattributes of the considered attributes correspondingly
along with specified circumstances Q; >0, Y., Q;=1,
y; >0, Z;Zl y;=1 Then, NHSWA operator is defined as
follows.

NHSWA: A" — A is defined as follows:

(oo e e )y

Definition 16. Let J; = <9g(aij),fg(,;ij), Gy(r?l,‘,-)> be an
NHSN, and Q; and y; are weight vector for expert’s and
subattributes of the considered attributes correspondingly
along with specified circumstances Q; > 0, Y| Q; =1, and

o3 o3 o3 m n ek Y
NHSWG (Fy, a0 Sa,) = @7 @S
m n o\
NHSWG (5, Sa - 3a )=<]_[< (9;,,,) >
11 12 nm ij
j=1 i=1

4. TOPSIS Approach on NHSS for MCGDM
Problem Based on the Correlation Coefficient

In this section, we are going to develop a methodology for
solving DM issues through continuing the TOPSIS technique
for NHSS information according to CC. Hwang and Yoon
[51] progressed the TOPSIS methodology and utilized it to
promote the order of evaluation components of the PIA and
NIA for DM complications. Through the use of the presented
approach, we will find the best possible choices which have
the smallest and largest distances to PIS and NIS. The TOPSIS
method ensures that the correlation measure can be utilized to
differentiate PIA and NIA by choosing positions. Generally,
investigators are using the TOPSIS approach to find CC along
with distinctive distance forms. The TOPSIS method along
with CC is superior for locating closeness coeflicients instead
of distance as well as similarity measures. Since the correlation
measure holds the direct association among the aspects re-
strained, by utilizing the established CC, a TOPSIS method is
presented to choose the most appropriate choice.

i
,1

m [ n A\
_H<i=1 <1_fa”>0> ,l_j

j=1 i=1 j=1 i=1

y; >0, Z;”:l y;=1. Then, NHSWG operator is defined as
follows.
NHSWG: A" — A defined as follows:

=

(o))

(31)

-
Il
—_

4.1. Proposed Decision-Making Approach. Let X ={Z, %>,
X5,. .., X} beacollection of “s” alternatives for assessment

under the group of experts @={@Q', Q% @°,...,@"} with
weights Q= (Q,,Q,,...,Q,)" and Q;>0, Y7 Q;=1.
Consider  ={d,, d,,..., d,,} be a set of attributes with
their corresponding subattributes such as &' = {(dl p X dypX

xdy,)forallp € {1,2,...,t}} with weights y = (y,, v,
Vaps - - ,ymp)T such as y, >0, Z;:l ¥, = 1, and can be stated
as @' = {Ela: 0oe {1,2,..., k}}. The group of experts {@": i =1,
2,...,n} evaluate the alternatives {2 (,): =1, 2, .., s} under
the desired subattributes of the considered parameters
{&a: 0=12,... ,k} given in the form of NHSNs such as

(N;))nxa =(g ‘gz), Jéz), (Séz))nxa, where
ika( ) (Z)ik (2) . . o (2) (2) (2)
N N N Natgn N (Y
OSL/dik, jd[k)(/dik <1 and OSJd[k Jd[k (S:dik <3

for all i, k.

Step 1: development of decision matrices for each al-
ternative {2 ,): z=1, 2, .., s} by using subattributes of
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the given attributes in the form of NHSNs such as
follows:
i Qe i
SIS G @ 3@ @) .. (7 799 ¢
Q’l (Td”’ 7 ]]’ (’d]] ) (T 12 7d12 C 12) (lea, dli), Cdla)
2 2 4 @ @ 9@ @) .. (70 90 O (32)
( Z)’ B )nxa = Q (T‘i;l» j’iu) (S:‘;gl ) <szz’ dzz) Ldzz) . ( dz.’x, dzf; ¢ z))
N0 0 @) (70 10 @) . (70 70 O
Qn (TVM) jdvm‘ @‘iﬂl) (T . jdnz’ Gdnz) (Tdna’ jdna, Ldna)

Step 2: normalize the aggregated decision matrices by
transforming cost type subattributes to benefit type
subattribute using the normalization rule:

33_, cost type parameter,
L= (33)
! Sfi,-j’ benefit type parameter,
=@ ~(2)
dy; VjQid a,
m n I Yiom
1-T] ( 1-7, dﬁ) T1
j=1 i=1 Y j=1
—(2) —(2) #=(2)
_ (:7%_ T € )

Here, ); and y; expressed the weights of experts and
subattributes.

Step 4: to determine the PIA and NIA compute indices

by utilizing e uatlon (12), such as argmax, {03‘” } and
gij =arg min, 9 b },

CNtss (§ Zz +)

\/CNHSS‘EX * Gntss

P(Z) = 5NHss(3[ " )

(T

+ —(2)
(G/‘a + j“fj

where J¢ =(1-GC; apFayTa ) which represents the
complement of <T d jd ,Cd

Step 3: development of welghted decision matrix for
each alternative &, (“'(z))

xa Where

(34)

d;j a4, %,
(35)

o :<g;ij’jéij’(g;1,j>nxa =(L/F§j”),y§l]9u) 5%))
(36)

Step 5: consider 2, and PIA %" analyze the CC such as
follows:

=@
w75 46«6 ) (37)

z“z,l<< 7+ (fw +(&)y

)Jz;"_l Z?_l((ff i) () +(%)2)'
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Step 6: consider 2, and NIA #~ analyze the CC such
as follows:

q(Z):é‘NHSS(‘EZ‘ <z ) %NHSS(z 5”_)

Vonnss z * nnssZ

() -
5 ST 7,

Complexity

Ti v 73,48 v 63 ) (38)

z;;z&((?éjﬁﬂ (fd + (&)

Step 7: for the alternatives, ranking computes the
closeness coefficient:

@) H( T &)
RD = — L (39)
H(X, L)+ H(X,, L)
where
H(Z, 2 )=1-q"and #(Z,, %) =1-p®.

(40)

Step 8: pick the alternate with the largest closeness
coefficient.

Step 9: rank the alternatives.

Graphical representation of the above presented TOPSIS
algorithm is given in Figure 1.

4.2. Application of the Proposed MCGDM Technique for the
Selection of Hand Sanitizer

4.2.1. Case Study. Sanitization is the most important process
because direct contact along with airborne microorganism
droplets caused by sneezing and sneezing can without
problems be infected. Particularly, when a pandemic breaks
out, it is necessary to interrupt the overall chain of trans-
mitting of the virus by proper hand sterilization trials. This
will be accomplished by employing the right to use isolation
as well as accommodating emergency care possessions, such
as handling sterilizing in psychiatric divisions as well as
public places. The assumption of sanitizers simply relies on
the use of multipurpose sanitizers developed in various types
and varieties, nominative antibacterial soaps and water-
based or alcohol-based sanitizers, which have been common
in hospitals. Until now, the most helpful hand sanitizer
product is the alcohol-based formulation, which could in-
clude 62% to 95% alcohol, since it can convert microbic
proteins and have the ability to inactivate infections. The
reassessment of this system of rules is expounded to the
information in PubMed. It is going to examine the variety of
available sanitizers along with their efficiency plus formu-
lation features, contrary effects, and approvals to improve
preparation proficiency along with safety. Furthermore, this

() + () ()

article concentrates on the efficiency of alcohol-based san-
itizers against disease. Up to now, the most effective hand
sanitizer overall has been formulated based on alcoholic
brews, which conquer 62% to 95% of alcoholic beverages
because it can formalize microbial proteins and [52, 53] can
be disabled. Due to its intoxicated alcohol content, the
current expression gives some rival as well as concerns about
safety disadvantages along with skin cytotoxicity [54].
Current research objectives scrutinize a variety of accessible
sanitizers, as well as their effectiveness against the redeeming
coronavirus, besides strategies and findings as well as ideas
for reinforcing the formation of saviors from accessible
hands.

Hand sanitizers may be a liquid or gel, mainly used to cut
down transmittable diseases on the hands. In most orga-
nizations, alcohol-based sanitizers are superior for cleaning.
The overall concentrates for risk reduction and prevention
propose that person washing their hands with detergent to
restrict the spread of virus infection and cut down the risk of
unhealthiness. Due to the lack of soap and water, the CDC
recommends that people employ alcohol-based (at least
60%) hand sanitizer. According to scientific research by the
world health organization (WHO), in the context of this
coronavirus pandemic, hygienic as well as physical dis-
tancing are the best methods to protect ourselves and every
person around us from COVID-19 infection. The virus is
spread by people with this disease, and it can also be spread
out via contact with sick people. We cannot treat the
coronavirus with complete caution. Hence, good hand
sanitization may be the ultimate obstacle between us and the
virus. The WHO endorses using alcohol-based hand sani-
tizer to eliminate the new COVID-19 virus. Alcohol-based
hand sanitizer can prevent microbial proteins (together with
bacteria and certain viruses) from operating usually. Hand
sanitizer needs to comprehend ethanol, isopropanol, n-
propanol, or a mixture of the alcohols. All of those can
appropriately refuse to accept infections such as the new
coronavirus. In that serious COVID-19 situation, the in-
quiry for hand sanitizer seems to have exaggerated. Due to
exaggerated demand, it is difficult to obtain fine quality as
well as multipurpose sanitizers in the overall market. The rise
in demand also led to inferior sanitizers coming into the
market. Akram et al. [55] utilized the GFFYWA operator for
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. '

.

[ Define the alternatives J

[ Appoint a team of experts J

Choose the set of attributes j

Choose the subattributes for each

(g

parameter

v

Construction of decision matrices for alternatives according to experts evaluation

in form of NHSNs in accordance with their multi-subattributes

Identify the cost
type subattributes

Converts rating value of its into benefit type
multi-subattributes by using normalization

Developed weighted decision matrix for each alternative by utilizing
NHSWA operator or NHSWG operator

Ve N
To determine PIA and NIA w - Evaluate the correlation coefficient among weighted
compute the indices 4 decision matrix and PIA and NIA respectively
- J J
e N
Ranking order of Choose the alternative with maximum Determine the closeness
alternatives D — value of closeness coefficient coefficient
& J

FiGure 1: Graphical representation of developed TOPSIS technique for NHSS.

the selection of an effective hand sanitizer. The most im-
portant determinant of the current application is to reduce
the spread of coronavirus by utilizing the TOPSIS technique
under the NHSS scenario.

4.3. Numerical Example. Let X ={%\, %5, X5 L4} be
a collection of four hand sanitizers (alternatives) such as
I, =Megababe Squeaky Clean Sanitizer, 2, = Purell Ad-
vanced Sanitizer Gel, 2’5 = Touchland power mist citrus, and

I, =Lemon sanitizer spray. A team of four medical experts
such as @={@', @, @,@" having weight vector

(.1,.25,.35,.3)" for the selection of an appropriate alter-
native (sanitizer), which is most helpful to protect the
COVID-19 effects, is hired. The group of medical experts
chooses the set of attributes for the selection of an effective
sanitizer such as {={¢, = alcoholratio, ¢, = ingredients,
€5 = Quality} with their corresponding subattribute: alcohol
ratio = ¢, = {d,, = less than 40%, d,, = more than 60%},
ingredients=¢, = {d,, = hydrogen peroxide, d,, =
glycerol}, and quality =¢;={d;, = effectiveness}. Let
{ =¢, x ¢, x £; show the multi-subattributes:

Q' =, x & x ={d,},d\,} x{d,y, dy,} x{d5,}
:{ (dll’dZI’dﬂ)’ (dn’dzz’d31)> (dlz’dzpd31)> (d12’d22’d31) }

(41)
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TaBLE 1: Decision matrix for alternative 2.

Z, d, d, d; d;

Q' (0.9,0.2,0.1) (0.3, 0.3, 0.7) (0.6, 0.4, 0.2) (0.7,0.1,0.3)

@’ (0.8, 0.3,0.2) (0.6,0.2, 0.6) (0.8, 0.3, 0.1) (0.2, 0.6, 0.8)

@’ (0.6,0.1,0.3) (0.6,0.1,0.3) (0.8, 0.2, 0.1) (0.6, 0.3, 0.4)

a* (0.9, 0.1, 0.1) (0.9,0.1,0.1) (0.8, 0.1, 0.1) (0.9,0.1,0.2)
TABLE 2: Decision matrix for alternative &,.

Z, 4, d, d; d

@' (0.3,0.3,0.7) (0.9, 0.2, 0.1) (0.6, 0.1, 0.3) (0.3,0.6,0.2)

@’ (0.8, 0.2,0.1) (0.8,0.3, 0.2) (0.9, 0.1, 0.1) (0.8, 0.3, 0.1)

@’ (0.6,0.3,0.4) (0.8,0.1,0.2) (0.9, 0.1, 0.1) (0.2, 0.3, 0.8)

a* (0.9, 0.1, 0.2) (0.8,0.1,0.1) (0.7, 0.1, 0.3) (0.6,0.3,0.4)
TaBLE 3: Decision matrix for alternative Z;.

Z, 4, d, d; d

Q' (0.6,0.3,0.4) (0.2, 0.3, 0.8) (0.3, 0.6, 0.2) (0.3,0.6,0.2)

@> (0.9, 0.1,0.1) (0.9,0.1, 0.1) (0.9, 0.1, 0.1) (0.8, 0.3, 0.2)

@’ (0.8,0.3,0.2) (0.9,0.2,0.1) (0.9, 0.1, 0.1) (0.2, 0.3, 0.8)

@' (0.3, 0.3, 0.7) (0.9,0.1,0.2) (0.7, 0.1, 0.3) (0.6,0.3,0.4)
TABLE 4: Decision matrix for alternative &,.

Z, 4, d, d; d

Q' (0.9,0.1,0.1) (0.9, 0.1, 0.2) (0.8, 0.2, 0.1) (0.3,0.6,0.2)

@’ (0.8, 0.2,0.1) (0.8,0.2, 0.1) (0.6, 0.3, 0.4) (0.8, 0.3, 0.2)

@’ (0.8,0.1,0.1) (0.8,0.1,0.2) (0.9, 0.1, 0.1) (0.3, 0.6, 0.2)

a! (0.9, 0.1, 0.2) (0.3,0.3,0.7) (0.8, 0.3, 0.2) (0.9,0.1,0.1)

TaBLE 5: Weighted decision matrix 2.

Z, d, d, d; d,

Q' (0.7354, 0.9835, 0.5021) (0.5691,0.9778, 0.9576) (0.6791, 0.9762, 0.8491) (0.6694, 0.9848, 0.8491)

@’ (0.7200, 0.9872, 0.9009) (0.7038, 0.9728, 0.9413) (0.7955, 0.9729, 0.5476) (0.9009, 0.9301, 0.9835)

@’ (0.7443, 0.9438, 0.4959) (0.6422, 0.9513, 0.9225) (0.7270, 0.9798, 0.8213) (0.7386, 0.9465, 0.9622)

Q! (0.6328, 0.9891, 0.4784) (0.5034, 0.9786, 0.9888) (0.6829, 0.9909, 0.7866) (0.6377, 0.9863, 0.9945)

TaBLE 6: Weighted decision matrix Z,.

T, i 3, 4 3,

Q' (0.6867, 0.9878, 0.8073) (0.6178, 0.9676, 0.9889) (0.7920, 0.9862, 0.7920) (0.6694, 0.9794, 0.9862)

@’ (0.7599, 0.9754, 0.8033) (0.6109, 0.9517, 0.9915) (0.7068, 0.9529, 0.7068) (0.9009, 0.9301, 0.9933)

@’ (0.7849, 0.9513, 0.7749) (0.7379, 0.9513, 0.9498) (0.7819, 0.9911, 0.9083) (0.7386, 0.9465, 0.9377)

Q! (0.7229, 0.9891, 0.7866) (0.4402, 0.9908, 0.9959) (0.6829, 0.9880, 0.7631) (0.5644, 0.9821, 0.9931)
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dy

d,

(0.7920, 0.9862, 0.5987)
(0.7068,0.9529, 0.4661)
(0.9083,0.9529, 0.6897)
(0.7408,0.9949,0.6195)

(0.6694, 0.9729, 0.9699)
(0.9009, 0.9301, 0.9236)
(0.7386, 0.9465, 0.9408)
(0.6049, 0.9863, 0.9919)

TasLE 8: Weighted decision matrix Z,.

d;

d

Complexity

T, 3, 3

Q' (0.7559,0.9835, 0.8551) (0.6178,0.9754, 0.9909)
@’ (0.7599, 0.9754, 0.9070) (0.6109,0.9517,0.9893)
@’ (0.8678,0.9257,0.8527) (0.6955,0.9362, 0.9683)
Q! (0.7229,0.9891, 0.8457) (0.5034, 0.9786, 0.9974)
§4 al aZ

Q' (0.6867,0.9915, 0.8241) (0.6572,0.9754, 0.9840)
@* (0.7599, 0.9754, 0.9070) (0.6109,0.9517,0.9821)
@’ (0.8678,0.9438,0.8527) (0.7379,0.9513,0.9683)
Q! (0.7229,0.9891, 0.8457) (0.4402,0.9786, 0.9965)

(0.7311,0.9818,0.5021)
(0.9085,0.9333, 0.6509)
(0.8886,0.9377,0.6415)
(0.7152,0.9931, 0.6575)

(0.7048, 0.9645, 0.9605)
(0.7781,0.9301, 0.9553)
(0.8376, 0.9465, 0.9225)
(0.6667,0.9821, 0.9506)

8 ={d,,d,,d5,d,} with weights (0.2,0.1,0.4,0.3)".

Each expert will evaluate the ratings of hand sanitizer in the
form of NHSNs for each subattribute .

4.3.1. Selection of an Effective Hand Sanitizer by Using the
TOPSIS Method

Step 1: decision makers will investigate the situation in
the case of NHSNs, and there are only four alternatives.
The subattributes of the considered attributes, along
with a summary of their scores are given in Tables 1-4.

Step 2: there is no need for normalization since all
attributes are identical.

Step 3:_w(§§ghted decision matrix for each alternative
X, =(Z}; Juxy is developed by using equation (30).
The values of the weighted decision matrices for each
alternative are given in Tables 5-8.
Step 4: by utilizing equations (35) and (36), compute
the PIA and NIA such as follows:

g#—

(0.6867,0.9878,0.8073)
(0.7599, 0.9754,0.9070)
(0.7849,0.9513,0.7749)
(0.7229,0.9891, 0.8457)
(0.7354,0.9835,0.5021)
(0.7200, 0.9872,0.9009)
(0.8678,0.9438,0.8527)
(0.6328,0.9891,0.4784)

(0.6178,0.9676, 0.9889)
(0.6109,0.9517, 0.9915)
(0.7379,0.9513, 0.9498)
(0.5034, 0.9786, 0.9974)
(0.6572, 0.9754, 0.9840)
(0.7038,0.9728, 0.9413)
(0.7379,0.9513, 0.9683)
(0.4402, 0.9908, 0.9959)

(0.7311,0.9818,0.5021)
(0.7068,0.9529,0.7068)
(0.7270,0.9798,0.8213)
(0.6829,0.9909, 0.7866)
(0.6791,0.9762,0.8491)
(0.7955,0.9729, 0.5476)
(0.9083,0.9529, 0.6897)
(0.7152,0.9931, 0.6575)

(0.6694,0.9729, 0.9699)
(0.9009, 0.9301, 0.9835)
(0.8376,0.9465, 0.9225)
(0.6049, 0.9863,0.9919)
(0.7048, 0.9645, 0.9605)
(0.9009, 0.9301, 0.9236)
(0.7386,0.9465, 0.9622)
(0.6667,0.9821,0.9506)

(42)

Step 5: by using equation (37), compute the CC such as
pW=099915 p@=099811, p©® =0.99746, and
p™ =0.99787.

Step 6: by using equation (38), compute the CC such as
qV=099742, q¥=0.99806, q'¥=0.99870, and
q™ =0.99870.

Step 7: for the alternatives ranking, compute the
closeness coefficient by using equation (39):

2V =0.75219,
2% =0.50653,
(3) (43)
2 =0.33854,
2 = 0.37901.

Step 8: pick the alternate with the largest closeness
coefficient Z21 =0.75219, so &'V will be the best

alternative.
Step 9: analyze the ranking %Y > 2%2®>
2 > %0)) 5o the ranking of the alternatives is

g‘(l) > &/’(2) >g‘(4) > %(3).

5. Discussion and Comparative Analysis

In the subsequent section, we are going to talk over the
effectiveness, simplicity, and tractability along with the
benefits of the planned approach. We also performed a brief
comparison of the undermentioned: the planned approach
along with some existing techniques.
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TaBLE 9: Comparison between NHSS and some existing techniques.

Set Truthiness indeterminacy Falsity Parametrization Attributes Subattributes
Zadeh [1] FS v X X X V4 X
Atanassov [2] JIN v X v X 4 X
Maji et al. [21] FSS v X X v v X
Maji et al. [22] IFSS v X v v 4 X
Peng et al. [26] PESS v X V4 v v X
Zulgarnain et al. [46] IFHSS v X v v v v
Zulqarnain et al. [48] PFHSS v X v v v v
Proposed approach NHSS v v v v v 4

5.1. Comparative Analysis. Through the current exploration
along with comparative analysis in Table 9, it can be con-
cluded that the results acquired by the proposed approach
overlap with the accessible methodologies. However, in
connection with accessible decision-making techniques, the
main benefit of the proposed method is that it comprises
additional information utilizing the membership, non-
membership, and indeterminacy of subattributes of con-
sidered attributes to address uncertainty in data. Among
them, the information related to the object can be inter-
preted more accurately and objectively. It is also a useful tool
for solving inaccurate and imprecise data in the DM process.
Also, the calculation process of the developed method is
different from the available techniques. This is due to the
determination of PIA and NIA. In preceding techniques,
PIA and NIA were conceptualized according to a given
distance and similarity measures. Therefore, the inspiration
for the score value corresponding to each parameter will not
affect other parameters, so predictable information loss will
occur in the process. On the contrary, in the proposed
method, PIA and NIA are calculated based on the in-
spiration of the maximum CC on a given substitution level,
so there is no serious loss of information in the process. After
all, the intensity of each ideal correlation measure is obtained
from the assessment explanations, so to find the superlative
result compute the correlation between them. The benefit of
the planned TOPSIS method along with related measures
over existing methods is that it notices not only the degree of
discrimination but also the degree of similarity between
observations so that avoiding decisions based on negative
reasons. Therefore, it is a suitable tool to combine inaccurate
as well as uncertain info in the DM process. Hence, our
suggested approach is effective, flexible, simple, and in
advance of distinctive hybrid structures of FS.

6. Discussion

By utilizing the methodology of Zadeh [1], we can process
the MD of the alternative, but the FS has no information
about the NMD of the considered parameters. Atanassov [2]
deals with the uncertainty by using MD and NMD. However,
these theories cannot deal with the situation when the sum of
MD and NMD exceeds one; on the other hand, our pre-
sented notion competently deals with such difficulties.
Meanwhile, these theories have no information about the
parametrization of the attributes. To overcome such diffi-
culties, Maji et al. [21] presented the notion of FSS to deal

with the parametrization of the objects which contains
uncertainty by considering the MD of the attributes.
However, the presented FSS provides no information about
the NMD of the object. To overcome the presented draw-
back, Maji et al. [22] offered the concept of IFSS, the pre-
sented notion handles the uncertain object more accurately
by utilizing the MD and NMD of the attributes with their
parametrization, and the sum of MD and NMD does not
exceed 1. To handle this scenario, Peng et al. [26] proposed
the notion of PFESS by modifying the condition
MD+NMD<1 to MD*+ NMD? <1 with their parametri-
zation. However, all the abovementioned studies have no
information about the subattributes of the considered at-
tributes; when attributes have their corresponding sub-
attributes, then all abovementioned theories fail to handle
the situation. Zulqgarnain et al. [46] presented the TOPSIS
technique under the IFHSS environment to deal with un-
certain problems by using MD and NMD in which the sum
of subattributes of the considered parameters cannot exceed
one. However, IFHSS cannot provide any information on
the indeterminacy of the subattribute of the considered
attribute. Zulqarnain et al. [48] proposed the more gener-
alized notion of PFHSS comparative to IFHSS. All existing
hybrid structures of FS cannot handle the indeterminacy of
subattributes of considered n-tuple attributes. To overcome
the above limitations, we prolonged the IFHSS to NHSS.
Instead, the method we developed is a progressive approach
that can handle alternatives with multiple subattribute info
by using truthiness, indeterminacy, and falsity object with
the following condition 0 <T g, (W)+ Iz, W+
€ ) (v) <3. Consequently, relying on the obtained results,
it can be confidently concluded that the proposed meth-
odology indicates higher stability and usability for decision
makers in the DM procedure.

7. Conclusion

This study focuses on NHSS to solve the problem of in-
sufficient data, ambiguity, and inconsistency by considering
the degree of truthiness, falsity, and indeterminacy on the n-
tuple subattributes of the considered attributes. This re-
search puts forward the new concepts and properties of CC
and WCC in the NHSS environs. Based on the proposed
correlation measure, by considering the n-tuple sub-
attributes as well as decision makers, the TOPSIS method is
extended in the neutrosophic hypersoft environment. To get
the overall top-ranking of possible choices, we characterized
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the closeness coefficient under the constructed TOPSIS
approach. We have also defined NHSWA and NHSWG
operators and proposed the DM strategy according to the
developed TOPSIS technique. To resolve the MCGDM
problem, a numerical illustration has been described by
utilizing the recommended TOPSIS approach for the se-
lection of more suitable hand sanitizer (alternative) during
the COVID-19 pandemic. Moreover, a comparison has been
conducted for the justification along with effectivity of the
approach. Consequently, relying upon the obtained out-
comes, it can be confidently concluded that the proposed
methodology indicates greater constancy as well as usability
for decision makers in the DM process. Future research will
surely concentrate on presenting several other operators to
solve decision-making complications utilizing NHSS. Many
other structures such as topological, algebraic, and ordered
structures can be developed and discussed under-considered
environment. The suggested idea can be applied to quite a lot
of issues in real life, including the medical profession, ro-
botics, artificial intelligence, pattern recognition, and eco-
nomics. We are sure this article will open new vistas for
investigators in this field.
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