Yugoslav Journal of Operations Research
xx (20xx), Number xx, XXx—XXX

DOTI: https://doi.org/10.2298/YJOR220915034G

WEIGHTED NEUTROSOPHIC SOFT
MULTISET AND ITS APPLICATION TO
DECISION MAKING

Carlos GRANADOS
Universidad Nacional Abierta y a Distancia, Barranquilla, Colombia
carlosgranadosortiz@outlook. es

Ajoy K. DAS
Department of Mathematics, Bir Bikram Memorial College, Agartala, India
ajoykantidas@gmail.com

Bright O. OSU
Department of Mathematics, Abia State University, Uturu, Nigeria
osu.bright@abiastateuniversity. edu.ng

Received: September 2022 / Accepted: December 2022

Abstract: In this paper, we procure the idea of weighted neutrosophic soft multiset
(WNSMS) as a generalization of neutrosophic soft multiset (NSMS) and its basic proper-
ties are to be showed. Besides, we present a new adjustable approach to WNSMS based
on decision-making, for solving decision-making in an indeterminacy situation.

Keywords: Decision-making, soft set, neutrosophic set, neutrosophic soft multiset,
weighted neutrosophic soft multiset, weighted neutrosophic soft multiset part.

MSC: 03H10.
1. INTRODUCTION

Molodtsov in 1999 introduced the concept of soft set theory [1] which has been
proved as a generic mathematical tool to deal with problems involving uncertain-
ties. Due to the inadequacy of parametrization in the theory of fuzzy sets [2],
rough sets [3], vague sets [4], probability theory etc. we become handicapped to
use them successfully. Consequently Molodtsov has proved that soft set theory
has a potential to use in different fields. Recently, the works on soft set theory is
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growing very rapidly with all its potentiality and is being used in different fields
[5, 6]. Neutrosophic soft sets [7] were introduced and later on other researchers
presented some studied taking into account these notions [8]. In the last few years,
some applications on decision making have been carried out by using neutrosophic
soft sets and multi sets. Riaz et al. [9] introduced some operations on neutrosophic
N-soft sets along with their fundamental properties and for multi-attribute deci-
sionmaking (MADM) problems with neutrosophic N-soft sets, they proposed an
extended TOPSIS (technique based on order preference by similarity to ideal solu-
tion) method. Saqlain et al. [10] presented a new approach to select smart phone,
in which environment of decision-making is MCDM. They defined and algorithm
in which problem was formulated in the form of neutrosophic soft set and then
solved with generalized fuzzy TOPSIS (GFT), thus rankings were compared with
other well-known proposed method. Riaz et al. [11] introduced the notion of soft
multi-set topology (SMS-topology) defined on a soft multi-set (SMS). Soft multi-
set and soft multi-set topology were fundamental tools in computational intelli-
gence, which have a large number of applications in soft computing, fuzzy modeling
and decision-making under uncertainty. The idea of power whole multi-subsets of
a SMS was defined to explore various rudimentary properties of SMS-topology.
Certain properties of SMS-topology like SMS-basis, SMS-subspace, SMS-interior,
SMS-closure and boundary of SMS are explored. Furthermore, the multicriteria
decision-making (MCDM) algorithms with aggregation operators based on SMS-
topology were established by them. For more notions related to the topic, we refer
the reader to [12, 13].

It is well known that the world is immersed in some uncertainties that cannot
be controlled or determined, however in some situations we have more than one
degree of uncertainty. Smarandache [14] defines the n-refined and mentions that
the degree of truth, falsity and indeterminacy can have bifurcations (depending on
the study). If the literature is reviewed, there are very few studies that show situa-
tions where indeterminacy is bifurcated into two or more aspects and applications
in decision making. This is why, in this paper we present the thought of weighted
neutrosophic soft multiset (WNSMS) and WNSMS-part, besides proposed an ad-
justable approach to WNSMS based on decision-making, which is another new nu-
merical device for managing instabilities and more possible for some genuine uses
of decision making in an uncertainty situation. Some illustrative case is employed
to demonstrate the attainability of our methodology in pragmatic applications.

2. PRELIMINARIES

In this section, we remain some well-known notions which will be useful for the
development of this paper.

Definition 1 ([1]). Let il be a universe, € be a set of parameters and P (L) means
the power set of L with A C €. Then, a couple (B, L) is known as soft set on 4,
where § : A — P(Y) is a mapping.
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Remark 2. For any e € A, F(e) is referred to as the collection of fuzzy approx-
imate value set of the parameter e and it is actually a collection of fuzzy set on

10

Definition 3 ([14]). Let U be a universe of discourse, then the neutrosophic set
(NS) AU is an object having the form A = {(x : To(z), Ja(z),Fa(x))} where the
functions T,7,F : U — [0,1], fine respectively the degree of membership, the degree
of indeterminacy, and the degree of non-membership (falsity) of the element x € X.

Definition 4 ([8]). Let{; : i € Q} be a collection of universes such that ﬂ ;=

i€Q
0 and let {€y, : i € Q} be a collection of sets of parameters. Let i = H NS(LL)
=
where NS(84;) denotes the set of all NS-subsets of il; and € = H((‘Sui) and 2 C €.

ieQ

A neutrosophic sof multiset (NSMS) over Y is a pair (Mg, A) and will be denoted
by Mo where Ny is a mapping given by Ny : A — . Thus, NSMS Ny over U
can be represented by the set of ordered pairs Mg = {(z1, Na(z1)) : 21 € A C U}.

Definition 5 ([8]). A NSMS Ny over Y is said to be null, if all NSMs-parts of
Ny are equal to (0,0,1).

Definition 6 ([8]). A NSMS Ny over &l is said to be absolute, if all NSMs-parts
of Ny are equal to (1,0,0).

3. WEIGHTED NEUTROSOPHIC SOFT MULTISET

Deli et al. in 2014 [8] presented the idea of neutrosophic soft multiset and
showed some important properties. In this section, we make a generalization for
mentioned notion and we present the idea of weighted neutrosophic soft multiset
(WNSMS) and show some of its principal properties.

Definition 7. Let {{l; : i € Q} be a collection of universes such that ﬂ ;=10

i€Q

and let {€y, : i € Q} be a collection of sets of parameters. Let {4 = H NS(LL)
ieQ

where NS(L4;) denotes the set of all NS-subsets of i; and € = H(@ui) and A C E.

i€Q
A WNSMS is a triple (Mg, A, w) and will be denoted by Ny, where (Mg, A) is a
NSMS over i and w is a weighted for the NSMS (Mg, A) where w : A — [0,1] is

a weighted function indicating the weighted w; = w(e;), e; € €.
To illustrate this, let’s consider the following example:

Example 8. Let’s consider three universe ; = {a1,az2,a3}, s = {b1,b2,b3} and
s = {e1, ea,c3, c4} which are the arrangements of university, food and transporta-
tion, respectively. Assume that Mr. Y has a financial plan to pay the university
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semester, food during the semester and transportation during the semester. Con-
sider a NSMS (Mg, 2A) which depicts university, food and transportation that Mr.
Y is considering. Let {€,, €y, , Cy,} be a collection of sets of choice parameters
identified with the above universes, where

¢y, = {ey,,1 = Loan, ey, ,2 = Scholarship, ey, ,3 = Cashpayment}

&y, = {ey,, 1 = Restaurant, ey,, 2 = Cooking, es,,3 = Junk food}

€y, = {ey,, 1 = Bus, ey, 2 = Taxi, ey, 3 = Walking, ey, ,4 = Bike}.

3 3
Let 4 = HNS(LQ), ¢ = H ¢; and A C €, such that
=1 =1
2 :{'rl = (euw 1,6112,2,6113,4)71‘2 = (611172761127 13611333)7
xr3 = (eﬂ17376ﬂ272>eu37 1),%4 = (eﬂ17376M273;eﬂ37 2)}

Assume Mr. XY needs to pick objects from the sets of given objects regarding
the sets of decision parameters. Let the resultant NSMS in Table 1.

Table 1: The NSMS (Mg, 2A)

st T Ta T3 T4
Hh
al (0.1,0.3.0.9) (0.5,0.6,0.5) (0.3,0.1,0.7) (0.8,0.3,0.2)
as (0.8,0.7,0.2) (0.4,0.6,0.6) (0.3,0.9,0.7) (0.1,0.7,0.9)
as (0.25,0.5,0.75)  (0.4,0.8,0.6) (0.6,0.2,0.4) (0.1,0.05,0.9)
o
by (0.1,1,0.9) (0,0.5,1) (0.3,0.5,0.7) (0.2,0.7,0.8)
b (0.9,0.7,0.1) (0.2,0.6,0.8) (0.2,.0.9,0.8) (0.34,0.7,0.64)
bs  (0.1,0.9,0.2)  (0.2,0.1,0.8) (0.25,0.1,0.75)  (0.11,0.2,0.89)
Us
c1 (0.9,0.1,0.1) (0.2,0.8,0.8) (1,0.2,0) (0.23,0.5.,0.77)
c2 (0.1,0.8.0.9) (0.5,0.25,0.5)  (0.3,0.17,0.7) (0.8,0.37,0.2)
c3 (0.1,0,0.9) (0,0.6,1) (0.3,0.1,0.7) (0.2,0.24,0.8)
C4 (0.1,1,0.2) (0.2,0,0.8) (0.25,0.6,0.75)  (0.11,0.24,0.89)

Consider that Mr. Y has forced the accompanying weights for the parameters
in 2 for the parameters

= (Loan, Cooking, Bike),w; = 0.3;

r] = (

x9 = (Scholarship, Restaurant, W alking),ws = 0.5;
x3 = (Bus, Cooking, Bus),ws = 0.7;
Ty = (

Cashpayment, Junk food, Taxi),ws = 0.4.

Then, we have a weighted w on NSMS (91y, ) where w : 2 — [0,1] and the
NSMS (Mg, A) is changed into a WNSMS (91y, 2, w) as can be seen in Table 2.
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Table 2: The WNSMS 9y, A, w)
111- 3310.3 3320.5 3330.7 .224044

ar (0.1,03.09)  (0.50.6,05)  (0.3,0.1,0.7) (0.8,0.3,0.2)
ax  (0.8,0.7,02)  (0.4,06,06)  (0.3,0.9,0.7) (0.1,0.7,0.9)
as  (0.250.50.75) (0.4,0.8,0.6)  (0.6,0.2,0.4)  (0.1,0.05,0.9)

Us
b (0.1,1,0.9) (0,0.5,1) (0.3,0.5,0.7) (0.2,0.7,0.8)
b, (0.9,0.7,01)  (0.2,06,0.8)  (0.2,0.9,0.8)  (0.34,0.7,0.64)
bs  (0.1,.0.9,0.2)  (0.2,0.1,0.8) (0.25,0.1,0.75)  (0.11,0.2,0.89)
Us
a  (0.9,0.1,01)  (0.2,0.8,0.8) (1,0.2,0) (0.23,0.5.,0.77)
ca  (0.1,08.09) (0502505 (0.3,0.17,0.7)  (0.8,0.37,0.2)
cs  (0.1,0,0.9) (0,0.6,1) (0.3,0.1,0.7) (0.2,0.24,0.8)
ea (0.1,1,0.2) (0.2,0,0.8)  (0.25,0.6,0.75)  (0.11,0.24,0.89)

Definition 9. Let (Mo, A, w) be WNSMS over L. Then, the pair (e, j, N (e, ;) w)
is said to be LU;-WNSMS-part of (Mg, A, w) over L, where (ey, ;, Naley, ;) is a
$U;-NSMS-part of (Mg, A).

Example 10. Let (Mg, A, w) be a WNSMS in the Table 2, the iUy -WNSMS-part,
Us-WNSMS-part and s-WNSMS-part are represented in Table 3, Table 4 and
Table 5, respectively.

Table 3: U;-WNSMS-part of (g, A, w)
Uy z10.3 x20.5 x30.7 x40.4
a1 (0.1,0.3.0.9) (0.5,0.6,0.5)  (0.3,0.1,0.7) (0.8,0.3,0.2)
az (0.8,0.7,0.2) (0.4,0.6,0.6)  (0.3,0.9,0.7) (0.1,0.7,0.9)
as  (0.25,0.5,0.75) (0.4,0.8,0.6) (0.6,0.2,0.4) (0.1,0.05,0.9)

Table 4: Us-WNSMS-part of (g, A, w)
L(Q 1,'10.3 1‘20.5 l‘30.7 1‘40.4
b1 (0.1,1,0.9) (0,0.5,1) (0.3,0.5,0.7) (0.2,0.7,0.8)
ba (0.9,0.7,0.1)  (0.2,0.6,0.8) (0.2,.0.9,0.8) (0.34,0.7,0.64)
bs (0.1,.0.9,0.2) (0.2,0.1,0.8) (0.25,0.1,0.75) (0.11,0.2,0.89)

Table 5: Uz-WNSMS-part of (g, 2A, w)

L(Q $10.3 1‘20.5 1‘30.7 $40.4

c1 (0.9,0.1,0.1)  (0.2,0.8,0.8) (1,0.2,0) (0.23,0.5.,0.77)
ez (0.1,0.8.0.9) (0.50.250.5) (0.3,0.17,0.7)  (0.8,0.37,0.2)
ez (0.1,0,0.9) (0,0.6,1) (0.3,0.1,0.7) (0.2,0.24,0.8)

ca  (01,1,02)  (0.2,0,08)  (0.25,0.6,0.75) (0.11,0.24,0.89)

Next, we study and show some basic properties on WNSMSs.

Definition 11. A WNSMS (Mg, A, w) over U is said to be a null WNSMS, de-
noted by (Mo, A, w)p, if (Na,A) is a null NSMS and for all e € A, w(e) =0.
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Example 12. Let’s consider the values presented in Table 2, then the (Mg, A, w)g
is given by Table 6.

Table 6: The null WNSMS (Dy, 2, w)g
U x10 20 x30 x40
ih
a1 (0,0.1) (0,0,1) (0,0,01) (0,0,1)
a2 (07071) (07071) (07071) (07071)
as (0,0,1) (0,0,01) (0,0,1) (0,0,1)

o
bl (07071) (07071) (07071) (07071)
b2 (0,0,1) (0,0,1) (0,0,1) (0,0,1)
bs  (0,0,1) (0,0,1) (0,0,1) (0,0,1)
s
c1 (0,0,1) (0,0,1) (0,0,1) (0,0,1)
c2  (0,0,1) (0,0,1) (0,0,1) (0,0,1)
C3 (07071) (07071) (07071) (07071)
ca (0,0,1) (0,0,1) (0,0,1) (0,0,1)

Definition 13. A WNSMS (g, A, w) over L is said to be absolute WNSMS,
denoted by (Mg, A, w)sq, if (Mar, A) s an absolute NSMS and for all e € A, w(e) =
1.

Example 14. Let’s consider the values presented in Table 2, then the (g, A, w)y
is given by Table 7.

Table 7: The absolute WNSMS (g, A, w)y
st z11 T2l z3l z41
361

ar  (1,0,0) (1,0,0) (1,0,0) (1,0,0)
az  (1,0,0) (1,0,0) (1,0,0) (1,0,0)
as (1,000 (1,00) (1,000 (1,0,0)

o
b (1,000 (1,0,0) (1,0,0) (1,0,0)
b (1,0,0) (1,0,0) (1,0,0) (1,0,0)
b (1,00) (1,0,0) (1,0,0) (1,0,0)
Us
a  (1,0,00 (1,0,0) (1,0,0) (1,0,0)
c2  (1,0,0) (1,0,0) (1,0,0) (1,0,0)
cs (1,0,0) (1,0,0) (1,0,0) (1,0,0)
¢t (1,000 (1,0,0) (1,0,0) (1,0,0)

Definition 15. Let (Mg, 2, w) and (N, B, w2) be WNSMSs over k. Then, (Mg, A, w)
is a WNSMS-subset of (N, B,ws), denoted by (Mg, A, w)C (N, B,wa) if
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1. Ny TN,
2. for alle € A, wi(e) <wae) and Ty, (u) < Ty, (u), Ty, (v) < Tory, (u)
and Sy, (u) > Fng, (u), for allu € U;, fori € Q.

Example 16. Let (Mg, 2A, wy) which is given as Table 2 and (Nss, B, wa) be WNSMSs
where (N, B, wa) is given as Table 8.

Table 8: The WNSMS (g, B, w)
L[z‘ {E10.6 :1020.7 :1030.9 $40.6
h
a1 (0.2,0.3.0.8)  (0.5,0.6,0.5) (0.3,0.1,0.7) (0.7,0.3,0.3)
az  (0.3,0.7,0.7)  (0.4,0.6,0.6)  (0.3,0.9,0.7) (0.3,0.7,0.7)
as  (0.5,0.5,0.5)  (0.4,0.8,0.6)  (0.6,0.2,0.4) (0.1,0.05,0.9)
o
by (0.9,1,0.1) (0,0.5,1) (0.3,0.5,0.7) (0.2,0.7,0.8)
by (0.3,0.7,0.7)  (0.2,0.6,0.8)  (0.2,.0.9,0.8) (0.6,0.7,0.4)
bs (0.1,.0.9,0.2) (0.2,0.1,0.8) (0.25,0.1,0.75)  (0.1,0.2,0.9)

Us
e (0,01,1) (0.2,0.8,0.8) (1,0.2,0) (0.23,0.5.,0.77)
2 (0,081)  (0.50.2505) (0.3,0.17,0.7)  (0.8,0.37,0.2)
es  (0.9,0,0.1) (0,0.6,1) (0.3,0.1,0.7)  (0.2,0.24,0.8)

es (0.1,1,0.2) (0.2,0,0.8) (0.3,0.6,0.7)  (0.1,0.24,0,9)

Thena (lea Ql? W1)§(m%, %7 WQ) .

Proposition 17. Let (Mg, A, w) be WNSMS over 8. Then, the following state-
ments holds:

1. (mm,ﬂ,w)i(m%mvw%
2. (Mo, A, w)pC(MNar, A w),
30 (Mo, A, w) D (Mo, A, w)

Proof. The proof follows from Definition 15. [

Definition 18. Let (Mg, A, w1) and (Mg, B,ws) be WNSMSs over . Then,
(Mg, A, w) and (N, B, we) are WNSMS-equal-set, denoted by (Mg, A, w) = (N, B, w2)
if the following conditions holds:
1. Ny = N,
2. for all e € A, wi(e) = wa(e) and Tny, (u) = Ty, (1), Ty, (1) = Tory, (v)
and Foy, (u) = Fng, (u), for allu € U;, for i Q. '

Proposition 19. Let (g, A, w1), (Ny, B, wq) and (Ne, €, ws) be WNSMSs over
U, then

1. My, A, wi) = M, B,wa) and (N, B,wz) = MNe, €, w3), then (Mg, A, wy) =
(m€7¢7w3)7
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2. (Mo, A, w1) (N, B, ws) and (Mg, A, w1)C(Ns, B, ws), then (Mg, A, wi) =
(m%a%a("a)ﬂi _ _
3. (Mo, A, w1)CS(Mis, B,wa) and (N, B, w2)2(Ne, €, ws), then (Mg, A, w1)CS(Ne, €, w3).

Proof. The proof follows from Definitions 15 and 18. O

Definition 20. Complement of a WNSMS (Mg, A, w) over i is denoted by (Mg, A, w)©
and it is represented by (Mo, A, w)°= (Ng, A, w®) and it is defined as for all

e € A w =1-wle) Tn, (W) = Fng, (u), Ii, (v) =1 -7T5, (v) and
B, (u) = Ty, (u), for all u € Yy, foric Q.

Example 21. Let (Mg, A, w1) which is given as Table 2, then (Mg, A, w1)€ is given
as Table 9.

Table 9: The WNSMS (Mg, A, w)€
st z10.3 x20.5 x30.7 x40.4

ar  (0.9,0.7.01)  (0.50.4,05)  (0.7,0.9,0.3) (0.2,0.7,0.8)
az  (0.2,03,08)  (0.604,04)  (0.7,0.1,0.3) (0.9,0.3,0.1)
as  (0.75,0.5,0.25)  (0.6,0.2,04)  (0.4,0.8,0.6)  (0.9,0.95,0.1)

o
b (0.9,0,0.1) (1,0.5,0) (0.7,0503)  (0.8,0.3,0.2)
by (01,0309  (08,0.4,02)  (0.8.0.1,0.2)  (0.64,0.3,0.34)
by (0.2,0.1,08)  (0.8,0.9,02) (0.75,0.9,0.25)  (0.89,0.8,0.11)
Uz
e (01,0909  (0.8,0.2,0.2) (0,0.8,1) (0.77,0.5,0.23)
e (0.902.01)  (0.50.750.5) (0.7,0.73,03)  (0.2,0.63,0.8)
s (0.9,1,0.1) (1,0.4,0) (0.7,0.903)  (0.8,0.76,0.2)
e (0.2,0,08) (08,1,0.2)  (0.75,0.4,0.25) (0.89,0.76,0.11)

Proposition 22. Let (Mg, 2A, w) be a WNSMS over A. Then, the following state-
ments are satisfied:

1. (Mo, A, w)€) = (Mg, A, w),
2. (mmamaw)a = (mﬂvmvw)ﬂ’
3. (mmamaw)i{ = (mﬂamaw)@'

Proof. The proof follows from Definition 20. [

Definition 23. Let (Mg, 2A, wy) and (N, B,w2) be WNSMSs over iL. The union
of (Mg, A, w1) and (Nw,B,ws) denoted by (Na, A, w1)U( N, B, w2) and defined
as (Mo, A, w1) UMy, B,ws) = (Me, €, ws), where & = AUDB and for all e € €,
ws(e) = max{wi(e),wa(e)} and for all u € 34;, i € Q.

max{‘fmm,‘Ime} if eeANB

MNe, € ws) = ¢ max{JIn,, Ing,s fecANDB
min{Fm,, Sne ; if e € ANDB.
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Example 24. Let (Mg, A, w1) and (N, B,ws) be WNSMSs which are given as
Table 2 and Table 8, respectively. Then, WNSMS (Mg, A, w1 )U(Nes, B, w) is pro-
vided in Table 10.

Table 10: The WNSMS (Mg, A, w1)U(MNsy, B, w)
ili 3310.6 .1‘20.7 l‘30.9 3340.6
Uy
a1 (0.2,0.3.0.8)  (0.5,0.6,0.5) (0.3,0.1,0.7) (0.7,0.3,0.3)
a2 (0.3,0.7,0.7)  (0.4,0.6,0.6) (0.3,0.9,0.7) (0.3,0.7,0.7)
as  (0.5,0.5,0.5)  (0.4,0.8,0.6) (0.6,0.2,0.4) (0.1,0.05,0.9)
o
b1 (0.9,1,0.1) (0,0.5,1) (0.3,0.5,0.7) (0.2,0.7,0.8)
b, (0.3,0.7,0.7)  (0.2,0.6,0.8) (0.2,.0.9,0.8) (0.6,0.7,0.4)
bs (0.1,.0.9,0.2)  (0.2,0.1,0.8)  (0.25,0.1,0.75) (0.1,0.2,0.9)

s
e (001,1)  (0.2,0.8,0.8) (1,0.2,0) (0.23,0.5.,0.77)
e (0081)  (0.50.2505) (0.3,0.17,07)  (0.8,0.37,0.2)
e (0.9,0,0.1) (0,0.6,1) (0.3,0.1,0.7)  (0.2,0.24,0.8)

er (0.1,1,0.2) (0.2,0,0.8) (0.3,0.6,0.7) (0.1,0.24,0,9)

Proposition 25. Let (g, A, w1) and Ny, B,we) be WNSMSs over L. Then,
the following statements are satisfied:

Lo (Mar, A, w1)U(Mar, A wi) = (Mo, A, wi),

2. (Mo, A, w1)U(Nis, B, wa)g = (Mo, A, wi),

3. (Mg, A, w))UNs, B,wa)y = (Ne, C,ws), [ (Ne, €, ws) defined in 23],
4. ( JU(

U(MNes, B, OJQ) = (‘th;, B, WQ)O(mQ[, A, wl).
Proof. The proof follows from Definition 23. [

Definition 26. Let (Mg, A, w1) and (N, B, ws) be WNSMSs over 4. The inter-
section of (Mg, A, w1) and (N, B, ws) denoted by (MNa, A, w1)N(Nes, B, wa) and
defined as (Mg, A, w1)N(Ns, B, ws) = (Ne, €, w3), where & = ANDB and for all
e € €, ws(e) = min{wi(e),wa(e)} and for all u € 1;, i € .

Il’lln{‘zv_n&,1 , ‘Im%} Zf eeANDB
MNe, € ws) =< min{JIm,,In,t ifecANDB
max{%m s S‘Vm%} if eeANDB.

Example 27. Let (Mg, A, w1) and Ny, B,ws) be WNSMSs which are given as
Table 2 and Table 8, respectively. Then, WNSMS (Mg, A, w1 )N(Nsp, B, w) is pre-
sented in Table 11.
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Table 11: The WNSMS (Mg, A, w1)N(Nss, B, w)
LL; 1‘10.3 1‘20.5 1‘30.7 3340.4

ar  (0.1,03.09)  (0.50.6,0.5)  (0.3,0.1,0.7) (0.8,0.3,0.2)
ax  (0.8,0.7,02)  (0.4,0.6,0.6)  (0.3,0.9,0.7) (0.1,0.7,0.9)
as (0.25,0.5,0.75)  (0.4,0.8,0.6)  (0.6,0.2,0.4)  (0.1,0.05,0.9)

U
b (0.1,1,0.9) (0,0.5,1) (03,0507  (0.2,0.7,0.8)
by (0.90.7.01) (02,0608  (0.2.0.9,0.8)  (0.34,0.7,0.64)
b (0.1,09,02)  (0.2,0.1,0.8) (0.25,0.1,0.75)  (0.11,0.2,0.89)
i3
e (0.90.1,01)  (0.2,0.8,0.8) (1,0.2,0) (0.23,0.5.,0.77)
e (0.1,08.09) (0.50.250.5) (0.3,0.17,0.7)  (0.8,0.37,0.2)
e (0.1,0,0.9) (0,0.6,1) (03,0.1,0.7)  (0.2,0.24,0.8)
e (0.1,1,0.2) (02,0,08)  (0.25,0.6,0.75)  (0.11,0.24,0.89)

Proposition 28. Let (g, A, w1) and Ny, B, ws) be WNSMSs over L. Then,
the following statements are satisfied:

1. (mm,m w1)~(‘nm,m,w1) = (mg(,m, wl),

2. (Mg, A, wl) (MNx, B, wa)g = MNe, C,ws)g, [ Ne, C,ws) defined in 20],

3. (MQ[,Q[ wl) (m%,%,w@)u == (‘IIQ,C,Wg), [(fﬁg,C, W3) deﬁned m 26/,

4. ( Q[,Q(, w1) (‘JT%,‘B,wg) = (‘ﬂ%,%,wg)ﬁ(‘ﬁg‘,%, wl).

Proof. The proof follows from Definition 26. []

Proposition 29. Let (Mg, A, w1), (N, B,ws) and (Ne, €, w3) be WNSMSs over
sl. Then, the following statements holds:

L (o, A, w)N((Nes, B, w2)N(Ne, € w3)) = ((Nar, A, w1)N(Nas, B, w2))N(Ne, €, w3).
2. (MQ,QL wl) ((9%3,% (UQ) (‘ﬁg,@l,w;),)) = ((‘ﬁg[,Ql,wl)Li(*ﬁ‘B,%,wg))g(‘ﬂg,(’:, o.)3).
3. (M, 2A,wi)N (N, B, w2)U(Ne, €,wz)) = ((Mar, A, wi)N(Mar, A, wq))U

((‘ﬁg{,ﬂ wl) (mg,Q: w;),)) _ ~
4. E‘ﬁg[,%l wl) ((m%, )ﬂ(mg, ¢, wg)) = ((‘)T%QI, wl)U(‘ﬁ%Ql, wl))ﬂ

(Mo, A, w1)U(Ne, €, wg))

Proof. In the following, we just prove (1); (2), (3) and (4) are proved analogously.
Let’s suppose that (M, B, ws)N(Ne, €, w3) = (No, D, wy), where ® = BN E and
for all e € ®, wy = min{wa, w3}, Ty = Min{Tory, Tore 1> Iy = min{TIny,, I,
and Fo, = max{Foy, S, ; for all u € 84;, Q.

Since (Mar, A, w1)N((Mes, B, w2)N(Ne, €, w3)) = (M, A, w1)N(No, D, wy), we
consider that (Mg, A, w1)N(No, D, ws) = (Non, M, ws) where M = AND= ANBE
and for all e € M, ws = min{w (), ws(e)} = min{w; (e),wa(e),ws(e)},

Tmim = mln{‘:{{)’tm 5 ‘3:0’19 }
= min{Tor, , Min{ Ty, Tore }
= min{ %oy, Torg , Tne |
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jmzm = mln{j‘ﬂm ) j‘ﬂg }
= min{Joy , min{JIn,,, In. }}
= min{ Ty, Tote » Iote

Sotey = max{Foy, Soto }
= ma‘X{Smm ’ max{%m% ’ S‘ﬁe }}

= max{Forg, ENap > SNe }

For allu € i;,i € Q. Now, consider that (g, A, w1 )N(Nw, B, ws) = (Ng, K, we),
where R = AN YB and for all e € R, wg = min{wy, w2}, Ty, = min{Tm,, Ty |
Jne = min{Jny, Iny} and Fn, = max{Fn,,Fnyt for all u € U, Q. Since
(M, A, w1 )N(Nsg, B, w2))N(Ne, € wz) = (Ng, &, we)N(Ne, €, w3), we consider
that (Mg, &, we)N(Ne, €,ws) = (Ne, £,wy) where £ = AN €= AN BE and for
all e € £, wy = min{wg(e),ws(e)} = min{wi (e),wa(e),ws(e)} = ws(e),

Sms = min{imﬁ, Tmc}
= min{min{ZTn,, Torg }> Tote 1
= min{‘Imu 5 ‘Isn% ; ‘Zme} = ‘Imm

Jne = min{JIn., In,
= min{min{Jn,, Ing }, Inte }

= min{Jmy, Ing Ine } = Ty

S, = max{Fny, S}
= max{max{&mm ) gm% }’ Sme‘ }}

= max{smm 3 S‘)’t% ) Sfﬂc} = ‘Smmz .

For all uw € ;,i € Q. Therefore, it can be seen that 91 = £ and for
all e € M, ws(e) = wre), Tone = T, Ine = JIngy and Fme. = Fory, for
all uw € Wi € Q. Hence, (Mop, M, ws) = (Mg, £, wr), and this proves that
(mﬁagl7 wl)n((m‘B7 %7(*)2)0(%@’ Q:7 W3)) = ((mﬁ;m,wl)m(m%v%7w2)>ﬁ(m€7 Q:a w3)~

Proposition 30. Let (g, A, w1) and (N, B,wz) be WNSMSs over U. Then,
the following statements holds:

1. (mma Q‘a wl)ci(m%7 %a w2)cé~((m‘2ﬁ Qla Wl)ﬁf\(/m%, %a O~)2))c'
2. ((‘.TIQ[, A, wl)U(mg, B, w2))cg(mm, A, wl)CU(‘ﬁsB, B, (.UQ)C.

Proof. In the following, we just prove (1); (2) is proved analogously.

Let’s suppose that (Mg, A, wi)N(Ny, B, ws) = (No,D,ws) where D = AN B
and for all e € ®©, ws(e) = min{w;(e),wa(e)}, Tny = mMin{Tory, Torg > In, =
min{Jn,, Iy } and For, = max{Foy, Fory } for allu € Uy, iQ. Thus, (Mg, A, wyi)N
(N, B, w2))°=MNop, D,ws)°= (N, B,w3) where for all e € D, wile) = 1 —
min{w; (e),wa(e)} and TG = 1—min{Tory , Ty }, TG, = L—min{JTary, Iy } and
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Sy = 1—max{Foy, St | for all u € 4y, Q. Again, (Mg, A, w1)°N (N, B, wo)¢ =
(Mg, R,wy), where 8 = AN DB and for all e € R, wy(e) = min{wf(e),ws(e)}=
min{l —wi(e),1 — wa(e)}= 1 — max{w;(e),wa(e)} < ws;

=min{l — Ty, 1 — Ty
=1—max{Tory, Tote } < Ts

j‘ﬁﬁ = mln{j%lsz[ ? jgn% }
=min{l — Jny,1 — Tny }
=1 —max{TIny, Ing } < Ing

St = max{ Ty, > Syt
=max{l — Fony, 1 — Fny }
=1 — min{Fony, T} < Fno,

for all u € 4l;, i€2. Therefore, this proves that
(mQh Ql7 wl)cﬂ(m‘B7 %7 w2)cg((m91a Ql? wl)m(m‘B 3 %7 w2)>c- |

4. APPLICATION OF WEIGHTED NEUTROSOPHIC SOFT
MULTISET IN DECISION-MAKING

In this section, we procure a new approach to WNSMS based on decision-
making, for solving decision-making in an uncertain situation under an indetermi-
nacy. Kumar [15] defined an algorithm to determinate weighted neutrosophic soft
set (WNSS), for more idea related to this algorithm, we refer the reader to page 6
in [15].

To define the algorithm, we will need Kumar’s algorithm which was defined in
[15] as follows:

Kumar’s algorithm

Step 1. input the neutrosophic soft sets (9, 2), ( &, B) and ( 9, €).

Step 2. input the weights (w;) for the parameters 2, B and €.

Step 3. Compute weighted neutrosophic soft sets (9, A%), ( &, B*) and ( H, €*)
corresponding to the neutrosophic soft sets (9, 2A), ( &, B) and ( 9, €), respec-
tively.

Step 4. Input the parameter set 33 as preferred by the decision maker.

Step 5. Compute the corresponding neutrosophic soft set (&,3) from the weighted
neutrosophic soft sets (£, A), ( &, BY) and ( H, €*) and place in tabular form.
Step 6. Compute the comparison matrix of the neutrosophic soft set (&,93).

Step 7. compute the score &; of 0;, for all i =1,2,....,n.

Step 8. The decision making is oy if & = max &,;.

Step 9. If k has more than one values then any one of o; may be chosen.

Then, we present the following algorithm:
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Algorithm 1

Step 1. Input a NSMS (g, A).

Step 2. Input a weighted w for the NSMS (Dtg,A), where w : 2 — [0, 1].

Step 3. Compute the WNSMS ¢ = (Mg, A, w) with regard to a weighed w.

Step 4. Apply Kumar’s algorithm to the first WNSMS-part in ¢ to compute the
decision S, .

Step 5. Redefine the WNSMS by taking all values in each row where si, is maxi-
mized and replacing the values in the other rows by zero, to get ¢;.

Step 6. Apply Kumar’s algorithm to the second WNSMS-part in ¢; to compute
the decision Sk,.

Step 7. Redefine the WNSMS ¢; by taking the first and second WNSMS-parts in
61 and use the method in step 5 to find the third WNSMS-part in ¢, to get ¢o.
Step 8. Apply Kumar’s algorithm to the third WNSMS-part in ¢ to compute the
decision Sk, .

Step 9. Continuing this way, we obtain the final decision (Sg,, Sk, , .-, Sk, )-

n

Remark 31. The advantages of Algorithm 1 are:

Firstly, we need not treat WNSMS directly in decision making, but only handle
with the related WNSMS-parts and finally the crisp NSs of WNSMS-parts after
choosing weighted vectors. This makes our algorithm simpler and easier for ap-
plication in practical problems. Nevertheless, we also see that by using Algorithm
1 possibly we can get all the weighted choice values (WCVs) of objects for some
WNSMS-parts are zero; this could be terrible for our decision. In this condition,
we must adjust the weighted vectors in order to get a better choice. Besides, there
are a large variety of weighted vectors that can be used to get the final optimal
decision; consequently our algorithm has great flexibility and adjustable capability.
As mentioned by [16], many decision making problems are basically humanistic
and subjective in nature; henceforth there really does not exist a unique or umi-
form criterion for decision-making in an uncertain environment. This adjustable
feature makes Algorithm 1 proficient, as well as more fitting for some reasonable
applications. To illustrate the fundamental thought of Algorithm 1, let’s consider
the following example.

Example 32. Let’s consider the decision-making problem, including the WNSMS
with its tabular representation given in Table 2. If we control this, we may utilize
the information of Uy -WNSMS-part in (Mg, 2A) and to establish the WCVs as can
be seen in Table 12.

Table 12: 1-WNSMS-part in (Mg, A, w) = ¢ with WCVs

iy 210.3 220.5 x30.7 240.4 Choice WCV(Sk)
Value

a1 (0.1,0.3.0.9) (0.5,0.6,0.5) (0.3,0.1,0.7) (0.8,0.3,0.2) 4 S1=23

as  (0.8,0.7,02)  (0.4,0.6,0.6) (0.3,0.9,0.7) (0.1,0.7,09) 4 Sy =3.7

as (0.25,0.50.75) (0.4,0.8,0.6) (0.6,0.2,0.4) (0.1,0.05,0.9) 4 S5 =29
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From Table 12, we can see that the greatest WCV is 3.7, scored by as. Presently,
we reclassify the WNSMS ¢ by keeping all values in every row where as is maxi-
mized and changing the values in alternate rows by zero, to obtain ¢; as in Table

13.
Table 13: The WNSMS ¢;

ui LE10.3 3220.5 £30.7 $40.4
iy

ar (0.1,03.0.9)  (0.50.6,0.5)  (0.3,0.1,0.7)  (0.8,0.3,0.2)

az  (0.8,0.7,02)  (0.4,06,0.6) (0.3,0.90.7)  (0.1,0.7,0.9)

as  (0.25,0.5,0.75) (0.4,0.8,0.6)  (0.6,0.2,0.4)  (0.1,0.05,0.9)
s

b (0.1,1,0.9) (0,0,1) (0.3,0.5,0.7) (0,0,1)

by (0.9,0.7,0.1) (0,0,1) (0.2,.0.9,0.8) (0,0,1)

bs  (0.1,.0.9,0.2) (0,0,1) (0.25,0.1,0.75) (0,0,1)
s

e (0.9,0.1,0.1) (0,0,1) (1,0.2,0) (0,0,1)

e (0.1,0.8.0.9) (0,0,1) (0.3,0.17,0.7) (0,0,1)

es  (0.1,0,0.9) (0,0,1) (0.3,0.1,0.7) (0,0,1)

es (0.1,1,0.2) (0,0,1) (0.25,0.6,0.75) (0,0,1)

Presently, we apply Kumar’s Algorithm to the second WNSMS-part in ¢; to
take the choice from the accessibility set 5.

Table 14: LUs-WNSMS-part in ¢o with WCV's

Uy 210.3 220.5 x30.7 240.4  Choice Value WCV(Sk)
b (0.,1,09)  (0,01) (03,0507  (0,0,1) 2 S =21
by (0.9,0.7,01) (0,0,1) (0.2,.0.9,0.8)  (0,0,1) 2 Sp =2.5
bs  (0.1,.0.9,0.2) (0,0,1) (0.25,0.1,0.75) (0,0,1) 2 S5 =1.3

From Table 14, we can see that the greatest WCVs is 2.5, scored by bs.
Presently we reclassify the WNSMS ¢; by keeping all values in every row where by
is maximized and replacing the values in alternate rows by zero, to obtain ¢ as in

Table 15.
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Table 15: The WNSMS ¢2
U x10.3 x20.5 x30.7 x40.4

a;  (0.1,0.3.0.9) (0.50.6,0.5) (0.3,0.1,0.7)  (0.8,0.3,0.2)
az  (0.8,0.7,02)  (0.4,0.6,0.6)  (0.3,09,0.7)  (0.1,0.7,0.9)
as  (0.25,0.5,0.75) (0.4,0.8,0.6)  (0.6,0.2,0.4)  (0.1,0.05,0.9)

U
b (0.1,1,0.9) (0,0,1) (0.3,0.5,0.7) (0,0,1)
by (0.9,0.7,0.1) (0,0,1) (0.2,.0.9,0.8) (0,0,1)
by (0.1,.0.9,0.2) 0,0,1)  (0.25,0.1,0.75) (0,0,1)
Uz
& (0,0,1) (0,0,1) (1,0.2,0) (0,0,1)
e (0,0,1) (0,0,1) (0.3,0.17,0.7) (0,0,1)
cs (0,0,1) (0,0,1) (0.3,0.1,0.7) (0,0,1)
e (0,0,1) 0,0,1)  (0.25,0.6,0.75) (0,0,1)

Presently, we apply Kumar’s Algorithm to the third WNSMS-part in ¢ to take
the choice from Us-WNSMS-part in ¢o. The tabular form of U3-WNSM-part in ¢
with WCVs as in Table 16.

Table 16: U3-WNSMS-part in ¢o with WCV's

sy 2103 2205 x30.7 240.4  Choice Value WCV(Sk)
a  (0,0,1) (0,01  (L,02,0)  (0,0,1) 1 S =125
2 (0,0,1) (0,01) (0.3,0.17,0.7) (0,0,1) 1 So =26
s (001) (0,0,1) (030107 (0,0,1) 1 S5 =1.9

From the Table 16, it is clear that the greatest WCV is 2.6, by co. At that
point from the above results the choice for Mr. Y is (ag, b2, ¢2).

Remark 33. From the above Example 32, we can see that in the Tables 12, 14
and 16, the greatest choice value is 4, 2 and 1; scored by ai,as,as; by, bs, b3 and
1, C2, c3, respectively. Thus, it is confusing for decision-maker to which one he has
to select using choice value. But in case of WCYV, the greatest WCV is 3.7, 2.5
and 2.6, scored by as,bs and co respectively. So effectively we can obtain the ideal
choice. Algorithms 1 is really an adjustable approach due to the fact that the final
optimal decisions vary with the weighted vectors. This adjustable feature makes
Algorithms 1 efficiently capture the uncertainty and subjectivity of some decision
making problems.

5. CONCLUSION

In this paper, we have presented the idea of WNSMS as a generalization
of NSMS and its basic properties are studied. Furthermore, we define a new
adjustable approach to WNSMS based on decision-making, for solving decision-
making in an indeterminacy situation. The feasibility of our proposed WNSMS
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based on decision-making procedure in practical application is read by a mathe-
matical example. The WNSMS is regarded as one of the neutrosophy generalized
concepts of soft sets [1] and multi sets [17], the last one has more extensive appli-
cations in practice.
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