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1. Introduction

general concept, which is a combination of
fuzzy set and soft multisets and studied its
properties and gave an application of this
concept in decision making problem. Then,
Alhazaymeh and Hassan [1] introduce the
concept of vague soft multisets which is an
extension of soft sets and presented applica-
tion of this concept in decision making prob-
lem. These concepts cannot deal with inde-
terminant and inconsistent information.

In 1999, a Russian researcher Molodtsov [23]
initiated the concept of soft set theory as a
general mathematical tool for dealing with
uncertainty and vagueness. The theory is in
fact a set-valued map which is used to de-
scribe the universe of discourse based on
some parameters which is free from the pa-
rameterization inadequacy syndrome of fuzzy
set theory [31], rough set theory [25], and so
on. After Molodtsov’s work several research-

ers were studied on soft set theory with appli- In 1995, Smarandache [26,30] founded a the-
cations (i.e [13,14,21]). Then, Alkhazaleh et ory is called neutrosophic theory and neutro-

al [3] preser_lted_ the definition of SjOﬁ ml_JItiset sophic sets has capability to deal with uncer-
as a.generallzatlon of soft set an.d Its baS|.c op- tainty, imprecise, incomplete and inconsistent
erat|.0n such as complement, UI’]IOI’l: and inter- information which exist in real world. The
section. Also, [6,7,22,24] are studied on soft theory is a powerful tool which generalizes

mu|t|set. Later on, in [2] Alka_zaleh and Salleh the concept of the classical set, fuzzy set [31],
Introduced fuzzy soft set multisets, a more interval-valued fuzzy set [29], intuitionistic
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fuzzy set [4], interval-valued intuitionistic
fuzzy set [5], and so on.

Recently, Maji [20] proposed a hybrid struc-
ture is called neutrosophic soft set which is a
combination of neutrosophic set [26] and soft
sets [23] and defined several operations on
neutrosophic soft sets and made a theoretical
study on the theory of neutrosophic soft sets.
After the introduction of neutrosophic soft set,
many scholars have done a lot of good re-
searches in this filed [8,9,11,18,19,27,28]. In
recently, Deli [16] defined the notion of inter-
val-valued neutrosophic soft set and interval-
valued neutrosophic soft set operations to
make more functional. After the introduction
of interval-valued neutrosophic soft set
Broumi et al. [10] examined relations of in-
terval-valued neutrosophic soft set. Many
interesting applications of neutrosophic set
theory have been combined with soft sets in
[12,17]. But until now, there have been no
study on neutrosophic soft multisets. In this
paper our main objective is to study the
concept of neutrosophic soft multisets which
is a combination of neutrosophic mul-
ti(refined) [15] set and soft multisets [3]. The
paper is structured as follows. In Section 2,
we first recall the necessary background ma-
terial on neutrosophic sets and soft set. The
concept of neutrosophic soft multisets and
some of their properties are presented in
Section 3. In Section 4, we present algorithm
for neutrosophic soft multisets. In section 5 an
application of neutrosophic soft multisets in
decision making is presented. Finally we
conclude the paper.

2. Preliminaries

Throughout this paper, let U be a universal set
and E be the set of all possible parameters un-
der consideration with respect to U, usually,
parameters are attributes, characteristics, or
properties of objects in U.

We now recall some basic notions of, neutro-
sophic set, soft set and neutrosophic soft sets.
For more details, the reader could refer to
[15,20,23,26,30].

Definition 2.1.[26] Let U be a universe of
discourse then the neutrosophic set A is an
object having the form

A = {< X! Ba), Vax) Wax>X € U}

where the functions u, v, w : U—]0,1"] de-
fine respectively the degree of membership,
the degree of indeterminacy, and the degree
of non-membership of the element x € X to
the set A with the condition.

70 Suap + VA T @A <3

From philosophical point of view, the neu-
trosophic set takes the value from real stand-
ard or non-standard subsets of ]-0,17[. So in-
stead of 17°0,1°[ we need to take the interval
[0,1] for technical applications
cause ]0,1°[ will be difficult to apply in the
real world applications such as in scientific
and engineering problems.

For two NS,

Ns= {<X HaA(¥), va(X) , wa (X)> [ x EX }
and
Bns= {<X, up(x), vg (%) , wg(x)>|x € X }
Set- theoretic operations;

1. Thesubset; yns & Bysifand only if
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Ha(X) < pp(x), vo(x) = vg(x) and
wy(x) = wg(x) .

2. ns = Bys ifand only if,

Ha(x) =pp(x) ,va(x) =vg(x) and
w, (%) =wg(x)

forany x € X.

3. The complement of yg is denoted by
Xs and is defined by

Ns = {<X, wpA(X),1—=va(x), ua®) |
X € X}

4. The intersection

AnB={<x, min{, (), ug (¥},
max{v, (x), vg (x)},
max{w, (x), wg(x)}>:x € X}

5. The union

AUB = {<X1 maX{HA(X): HB (X)}!
min{v, (x), vg(x)},
min{w, (x), wg(x)}>:x € X}

Definition 2.2 [23] Let U be an initial universe
set and E be a set of parameters. Let P (U) denotes
the power set of U. Consider a nonempty set A, A
c E. A pair (K, A) is called a soft set over U,
where K is a mapping given by K: A — P(U).

For an illustration, let us consider the follow-
ing example.

Example 2.3. Suppose that U is the set of houses
under consideration, say U = {hy, h,, .. ., hyo}. Let
E be the set of some attributes of such houses, say

E={e, e, ... e}, Whereey e, ..., e stand for
the attributes “beautiful”, “costly”, “in the green
surroundings’”, “moderate”, respectively. In this
case, to define a soft set means to point out expen-
sive houses, beautiful houses, and so on. For ex-
ample, the soft set (K, A) that describes the “at-
tractiveness of the houses” in the opinion of a
buyer, says Mrs X, may be defined like this:

A={e1,e5,63,64 };

K(e1) = {hy, hs, h7}, K(ez) = {h2 }, K(es) = {hwo},
K(64) =U

Definition 2.4[20] Let U be an initial universe
set and A c E be a set of parameters. Let NS
(V) denotes the set of all neutrosophic subsets
of U. The collection (F, A) is termed to be the
neutrosophic soft set over U, where F is a
mapping given by F: A — NS(U).

Example 2.5 [20] Let U be the set of houses
under consideration and E is the set of parame-
ters. Each parameter is a neutrosophic word or
sentence involving neutrosophic words. Con-
sider E = {beautiful, wooden, costly, very
costly, moderate, green surroundings, in good
repair, in bad repair, cheap, expensive}. In this
case, to define a neutrosophic soft set means to
point out beautiful houses, wooden houses,
houses in the green surroundings and so on.
Suppose that, there are five houses in the uni-
verse U given byU = {h,, h,,...,hs}and the
set of parameters A = {e,, e,, e, e,},where e;
stands for the parameter “beautiful', e, stands
for the parameter "wooden', e; stands for the
parameter “costly' and the parameter e,stands
for “moderate’. Then the neutrosophic soft set
(F,A) is defined as follows:
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hs hs
v {(0.5,0.6,0.3) (0.4,0.7,0.6) 0.6,0.2,03)" (0.7,0.3,0.2) (0.8,0.2,0.3)

N

( )

(exf 5 555

> (0.6,0.3,0.5) (0.7,0.4,0.3) (0.8,01,02)" (0.7,0.1,0.3) (0.8,0.3,0.6))
hy R,

("3 { 0A7,0A4,0A3) (05,0‘7.0‘2) (0.7,0.2,05)" (0.5,0.2,0.6) (0.7,0.3,0.4)}

(F,A) =

hy 2 3 5

94 1(0.8,0.6,0.4)" (0.7,0.9,0.6) (0.7,0.6,0.4)’ (0.7,0.8,0.6) (0.9,0.5,0.7))

3-Neutrosophic Soft Multi-Set Theory

In this section, we introduce the definition of
a neutrosophic soft multi-set(Nsm-set) and its
basic operations such as complement, union
and intersection with examples. Some of it is
quoted from [1,2,3, 6,7,22,24].

Obviously, some definitions and examples are
an extension of soft multi-set [3] and fuzzy
soft multi-sets [2].

Definition 3.1. Let {U;:i € I}be a collection of
universes such that Nie;U; = @, {Ey:i € I}
be a collection of sets of parameters,
U=[Tie; NSM(U;) where NSM(U;) denotes the set
of all NSM-subsets of U; and E= []ie Ey;
and CE. Then, N,is a neutrosophic soft
multi-set (Nsm-set) over U, where N4 is a
mapping given by N,: A- U.

Thus, a Nsm-set N, over U can be represent-
ed by the set of ordered pairs.

Na={(x1,Na(x1)):x; € CSE}L

To illustrate this let us consider the following
example:

Example 3.2 Suppose that Mr. X has a budg-
et to buy a house, a car and rent a venue to
hold a wedding celebration. Let us consider a
Nsm-set Nywhich describes “houses,” “cars,”
and “hotels” that Mr.X is considering for ac-
commodation  purchase,  transportation-

purchase, and a venue to hold a wedding cel-
ebration, respectively.

Assume that U;={u;,u,, us, us},
U,= {c,,cy,c5,c4} and Us= {h;,h,, hs} are
three universal set and

E;={x,Y* = expensiv,x,Yt = cheap,x,;'1 =
Uz =

wooden},
E,={x,2 = expensive,x,
in green surroundings, x;V2 = sporty} and

E;= {x, Us=expensive,x,s = majestic, x;'s = in Kuala Lumpur}

Three parameter sets that is a collection of
sets of decision parameters related to the
above

universes.

Let U=]; NSM(U;) and E=[[3 Ey; and CSE
such that

A={x; = {x;91,%,92,%, 93}, %, = {x,1,%,"2,x,%3}}

and
u, us uy
NaCxy)= {{(5 3,4) ’ (2,4.4)’ (3,3,5)’ (7,8, 4);l

{ C1 C2 C3 Cq }
(7,1,5) ' (2,5,.7) " (.7,.8,.0) * (.0,.0,.0))’

{ h, h, hs }
(.0,.0,.0) ’ (1,1,.0)’ (.9,.2,.5)

u; Uz Us
Na(x2)= {{(153) ’(1,.8,9)" (.0,0,1)" (285)}

{ cy [N c3 Cy }
(5,5,.5) ' (5,.3,7) " (5,4,3)" (1,1,1))’

{ h, h, hs }
(1,2,5) ' (1,1,1)" (.1,8,.6)

Then a Nsm-set N is written by

Ny =
{( ({(534) (244) (32305) (7u;4)}

{on o]
(7,1,5) (257) (780) (:0,.0,.0)

i )
(0,.0,0) ’ (1,1,0)” (925)

(X ({(153) (189) (ougl) (zugs)}

e i ainaes)
(5,5,5) ’ (s .3, 7) (5 4, 3) (1,1,0)'((1,2,5) ’ (1,1,1)’ (.1,8,6)

i. Deli, S. Broumi and M. Ali, Neutrosophic Soft Multi-Set Theory and Its Decision

Making



Neutrosophic Sets and Systems, Vol. 5, 2014

69

Definition 3.3. Let N, be a Nsm-set. Then, a
pair (x;%,Na(x;Yi)) is called an U;-Nsm-set
part,

x;Vi € xy and NA(Xin) c

Na(x;) such that x € {xq,X,, ...
{1,2,..,m}andj € {1,2, ...,r}.

Xn), 1€

Example 3.4. Consider Example 3.2. Then,

U; U _ u uq Uz us Uy ]
x JNA(xi 1)) = {(Xl 1'{(0.5,0.3,0.4) ’(0.2,0.40.4)’ (0.3,03,05) " (0.7,0.8,0.4) )

U, uy uy uz uy
X2 L, , , , )
(0.1,0.5,0.3) ’(0.1,0.8,0.9) (0.0,0.0,1.0) ’ (0.2,0.8,0.5)

is a U;-Nsm-set part of N,.

Definition 3.5. Let Ny and Nz be a Nsm-sets.

Then, N, is NSMS-subset of Ng, denoted by
N, E N if and only if Np(x;%) is a neut —
rosophic subset of NB(Xi 1) for all x;Yi € x

such that xy € {Xq,X2, ...Xn},
i€e{12,.. m}andje€ {1,2,..,r}.

Example3.4. Let

A={x; = {x;"1,%,92,%,Y3}, x, = {x,"1,%,"2,x,3}}
and
B={x; = {x,"1,x,Y2,%,"3},x, = {x,Y1,%,"2,x,"3}

X3 = {x3"1,%392,x3V2}}

Clearly AC B. Let N, and Ny be two Nsm-
set over the same U such that

Na = (. ((Gsatem  Gaoiom w0309 G70s0m)
A 12\ 1(0.5,0.3,04) ’ (0.2,0.4,0.4)’ (0.3,0.3,0.5)’ (0.7,0.8,0.4))

{ C1 C2 C3 Cq }
(0.7,0.1,0.5) ’ (0.2,05,0.7) ’ (0.7,0.8,0.0) ’ (0.0,0.0,0.0)

{ h, h, h; })
(0.0,0.0,0.0) ’ (1.0,1.0,0.0) ’ (0.9,0.2,0.5) !

({ Uz us Uy }
(0.1,0.5,0.3) (0.1,0.8,0.9)’ (0.0,0.0,1.0) ” (0.2,0.8,0.5)

2 h3

{ C2 C3 Cq }
(0.5,0.5,0.5) (0.5,0.3,0.7) " (0.5,0.4,0.3) * (0.1,1.0,1.0)
{(1.0,0.2,0.5) ’(1.0,1.0,1.0)’ (0.1,0.8,0.6)})>}

Ng = {(x ({ o5 00 s0n Tana)
B~ v (0.6,0.1,0.2) (0.3,0.3,0.3)” (0.7,0.2,0.4) ’ (0.8,0.6,0.3)

{ C2 C3 Cq }
(0.9,0.1,0.4) ’ (0.3,0.7,0.6) ’ (0.8,0.4,0.0) ’ (1.0,0.0,0.0)

(e 555 wasssm)) )
(1.0,0.0,0.0) (0.9,0.7,0.0)” (1.0,0.0,0.0)

uz us Uy
(XZ'({(0.8,0.3,0.2) ’ (0.7,0.6,0.4) ” (0.8,0.0,0.7) ’ (0.5,0.6,0.3)}’

C2 C3 Cq }
(0.6,0.4,0.3) (0.7,0.2,0.6) " (0.6,0.1,0.2) ’ (1.0,0.3,0.1)

h, hj })
(1.0,0.0,0.0) (1.0,0.0,0.1) ” (0.8,0.3,0.4)

fom
e
(X3‘ ({(0.5,0.6,0.4) (0.2,(1)1.27,0.5) (0.3,(111.2,0.3) (0.2,(;1.;,0.7)}’
{om

C2 C3 Cq }
(0.8,0.3,0.5) (0.8,0.3,0.1) ” (0.3,0.5,0.6) * (0.9,0.3,0.2)

(@ teon 5050m))
(0.3,0.8,0.6) (0.0,1.0,0.2) ’ (0.3,0.6,0.5)

Then, we have N, SNp.

Definition 3.6. Let N, and Ny are two Nsm-
sets. Then, Ny = Ng, if and only if N, € Ng
and Ng € N,.

Definition 3.7. Let N, be a Nsm-set. Then,
the complement of N, denoted by N§ , is de-
fined by

NS ={(x,N3(x)):x € CE}
where N§(x) is a NM complement.

Example3.4.

[} _ Uy Uz Uz Uy
Na() = {(Xl' ({(0.4,0.7,0.5) ’(0.4,0.6,0.2)° (0.5,0.7,0.3)’(0.4,0.2,0.7)}‘

{ C2 C3 Cq }
(0.5,0. 9 0.7) ’(0.7,0.5,0.2) ’ (0.0,0.2,0.7) ’ (0.0,1.0,0.0)

)
(0.0,1.0,0.0) (0.0,9.0,1.0) ’ (0.5,0.8,0.9)

C2 C3 Cq }
(0.5,0.5,0.5) (0.7,0.7,0.5) ’ (0.3,0.6,0.5) ’ (1.0,0.0,0.1)

( ({ oD o500 GEh e
X2 (0.3,0.5,0.1) (0.9,0.2,0.1)” (1.0,1.0,0.0) * (0.5,0.2,0.2)

h, h })
(0.5,0.8,1.0) (1.0,0.0,1.0) * (0.6,0.2,0.1)

Definition 3.8. A Nsm-set N, over U is
called a null Nsm-set, denoted by N, if all

of the Nsm-set parts of N equals .

Example3.4. Consider Example 3.2 again,
with a Nsm-set N, which describes the “at-
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tractiveness of stone houses”, ”cars” and "ho-
tels”. Let

A={x; = {x,"1,%,Y2,x,Y3}, x, = {x,U1,x,%2,x,Y3}}.
The Nsm-set N, is the collection of approxi-

mations as below:

(0.0,1.0,1.0) ~ (0.0,1.0,1.0) " (0.0,1.0,1.0) " (0.0,1.0,1.0))"

{ C2 C3 Cq }
(0.0,1.0,1.0) (0.0,1.0,1.0) ’ (0.0,1.0,1.0) ’ (0.0,1.0,1.0)

h, hs })
(0.0,1.0,1.0) (0.0,1.0,1.0) * (0.0,1.0,1.0)

st vt i )
(0.0,1.0,1.0) (0.0,1.0,1.0) ” (0.0,1.0,1.0) ’ (0.0,1.0,1.0)

{ (3 c3 Cq }
(0.0,1.0,1.0) (0.0,1.0,1.0) ’ (0.0,1.0,1.0) ’ (0.0,1.0,1.0)

h, hs D
(0.0,1.0,1.0) (0.0,1.0,1.0)’ (0.0,1.0,1.0)

Then, Ny, is a null Nsm-set.

Definition 3.8. A Nsm-set N, over U is called a semi-
null Nsm-set, denoted byN, _,if at least all the Nsm-set

parts of N, _ equals @.

Example3.4. Consider Example 3.2 again, with a Nsm-
set N, which describes the “attractiveness of stone
houses”, “cars” and "hotels”. Let

A={x; = {x,"1,%,"2,x, 3}, x, = {x,Y1,%,", X2U3}}'

The Nsm-set N, is the collection of approximations as
below:

o={( ({ o ot sTe Gt
Xv (0.0,1.0,1.0) (0.0,1.0,1.0) ’ (0.0,1.0,1.0) ’ (0.0,1.0,1.0)

{ C2 C3 Cq }
(0.5,0.9,0.7) (0.7,0.5,0.2) ” (0.0,0.2,0.7) ’ (0.0,1.0,0.0)

o 51o waesem)) )
(0.0,1.0,0.0) (0.0,9.0,1.0)” (0.5,0.8,0.9)

(x ({ 5T e @)
2 (0.0,1.0,1.0) (0.0,1.0,1.0) ’ (0.0,1.0,1.0) ’ (0.0,1.0,1.0)

{ C2 C3 Cq }
(0.5,0.5,0.5) (0.7,0.7,0.5)’ (0.3,0.6,0.5) ’ (1.0,0.0,0.1)

(@0 oo weoson)
(0.5,0.8,1.0) (1.0,0.0,1.0)’ (0.6,0.2,0.1)

Then Ny _, is a semi null Nsm-set

Definition 3.8. A Nsm-set N, over U is
called a semi-absolute Nsm-set, denoted by
Na~y, if Na(x;") = U; for at least onex, €
{X1,%2, .., Xp}, 1€{1,2,...,m}andj € {1,2,...,r}.
Example3.4. Consider Example 3.2 again,
with a Nsm-set N, which describes the “at-
tractiveness of stone houses”, ”
tels”. Let

A= {x; = {x,"1, %92, %,%2}, x, = {x,71,%,72,x,723} .
The Nsm-set N, is the collection of approxi-
mations as below:

cars” and "’ho-

NAzUi:

{( (Goasem  Gonsm Govsnm wonsnm)
1\ 1(1.0,0.0,0.0) ” (1.0,0.0,0.0) ’ (1.0,0.0,0.0) ’ (1.0,0.0,0.0)J’

{ cq C2 c3 Cq }
(0.5,0.9,0.7) ’ (0.7,0.5,0.2) ’ (0.0,0.2,0.7) ’ (0.0,1.0,0.0))’

{ hq h, h3 })
(0.0,1.0,0.0) ’ (0.0,9.0,1.0) ’ (0.5,0.8,0.9) !

(X ({ Uy Uz usz Uy }
22\ 1(1.0,0.0,0.0) ’ (1.0,0.0,0.0) ’ (1.0,0.0,0.0)’ (1.0,0.0,0.0)J’

{ c1 C2 C3 Cq4 }
(0.5,0.5,0.5) ’(0.7,0.7,0.5)” (0.3,0.6,0.5) ’ (1.0,0.0,0.1))’

{ hy h, hs })
(0.5,0.8,1.0) ' (1.0,0.0,1.0) ’ (0.6,0.2,0.1)

Then, Na~y, IS @ semi-absolute Nsm-set.

Definition 3.8.A Nsm-set N, over U is called
an absolute Nsm-set, denoted by Ny, if

Na(x;1) = U; for all i.

Example 3.4. Consider Example 3.2 again,
with a Nsm-set N, which describes the “at-

tractiveness of stone houses”, ’cars” and ho-
tels”. Let
A= {x; = {x,91,%,2,%, U3}, x, = {x,91,%x,92,x,33}

The Nsm-set N, is the collection of approxi-
mations as below:

i. Deli, S. Broumi and M. Ali, Neutrosophic Soft Multi-Set Theory and Its Decision
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u; ugz Ug
AUF{( 1 ({(1 .0,0) ’ (1,0,.0) " (1,.0,.0)’ (1,.0, 0)}

Cq Co C3 Cy } N :{(X ({ Uq uy us Uy }
) ) f ) A L M(s,3,4) ’(2,4.4)° (3,3,5) (7,8.4))
(1,0,0) ’ (1,.0,.0) (1 0, 0) (1,.0,.0) . 5 ! s

{ hy hy })) {(.7,.1,.5) ' (2,5,.7)’ (7 .8,.0) " (.0, 0,.0)}’

.0.0)° (1 0.0) (1.0.0) {(oho1 0)’ (1?20) " (9,2, 5)}))

o (i e 2 ) o

2 (1,.0,.0) ’(1,.0,.0)’ (1,.0,.0)’ (1,.0,.0) (2'({(153) ’(1,8,9)’ (0,0,1)’ (285)}
{ Cq c c3 Cy } { 9 _G cs Cs }’
(1"0"0) ) (1 0, 0) )] (1 0, 0) )] (1 0 .0) ) (5,.5,5) ' (5,.3,.7) (5 4,3)" (1,1,1)

{ h, h, }))} {(111215) (1h121) (18, 6)}))}

(1,.0,.0) ’ (1,.0,.0)’ (100)

NB={(X1'({ o e s }.

(3,7,2) ' (4,3,.8)° (:6,5,4)’ (.6,.7,4)

Then, Ap.1S an absolute Nsm-set. { o o s _ }
t (5.6,8) ' (5.7,8)’ (3 5.6) (1,0,0))

hy h,
{(1 0,1) ’ (5,6,3)” (1,0, 0)}))

Proposition 3.15. Let 5, Ny and N, are

( ({ Uy us Uy }
three Nsm-sets. Then 2 W7.3.5) (67,9 (6,86 (6.7.3)
C1 Cy C3 Cyq
i. (NA)C NA {(.4,.3,.2) 7 (5,6,.7)" (9 1,3)’ (1, 2.1)}’
.. hy h,
I ( Azq)) _NAzUi {(1 0,0) ’(1,.0,1) (4,2, 3)}))
. c { Uy uz us Uy }
111, ( qu) :NAUi (3 ( (6.3,.6) ' (.3,2,.6) (:6,7,5)" (.3,7,6))"
H c { C1 Cy C3 Cy }
Iv. ( AzUl-) :NAMZ) (7,5,3) ‘(.6,.7,.2)'(5 4,5)" (3,6,5))
h, h,
V. ( AUL-)C:NAQ {(3 5.6) ' (1,0,0)’ (3,2, 7)}))}
Proof: The prOOf IS Stralghtforward Na U Ng :{(Xl’ ({(0.5,0.13,0.4) '(0.4,0.23,0.4)'(0.6,0.2},0.4)'(0.7,0.;,0.4)}'

{ ¢ [ c3 Cq }
(0.7,0.1,0.5) ’ (0.5,0.5,0.7) ’ (0.7,0.3,0.0) ’ (1.0,0.0,0.0) )"

Definition 3.8. Let N, and Ny are two Nsm- {(1.0,:.30.0) '(1.0,:.21,0.0)'(0.9,:.;0.5)}))

sets. Then, union of 4 and Ny denoted by u o o
NA Ll NB ' iS deﬁned by ( ({(070305) (050708)C3(050005)C4(050703)}’
NA Ll NB:{(Xi;NA (Xi) U NB (Xi)):xi € E} {(0.5,0.3,0.2) ’(0.5,0.3,0.7) (0.9,:.1,0.3) (1.0,0.2,0.1)}
where U is a NS union,i € {1,2,...,m} and [<1°°°°°) “0000” (“"32"”}))}
j€{1,2,..r}.

({ e weeses wiesen)
(0.5,0.3,0.5) (0.3,0.2,0.6)” (0.6,0.7,0.5) ” (0.3,0.7,0.6) )’

oo o @nses)
(070503) (050702) (0.5,0.4,0.5)” (0.3,0.6,0.5)

7))
(0.3,0.5,0.6) (1.0,0.0,0.0) (0.3,0.2,0.7)

Example 3.10.

Let

A={x, = (x,9,%,"2, .93}, x, = {x,V1,%,92,%,93}} Proposition 3.15. Let 5, Nz and N are

and three Nsm-sets. Then

B={x; = {x;"1,%,"2,x,%3},x, = {x,1,%x,%2,x,"2}

X3 = {x3"1,%3%2, %331} I N,y U (Ng U Ng) = (NyUNg) UNe

i, NyUN, = N,
ii.  N,UNg= Ny
iv.  NyUNgg= N,

Proof: The proof is straightforward
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Definition 3.8. Let N, and Ny are two Nsm- Proposition 3.15. Let 5, Ng and N, are
sets. Then, intersection of N, and Ng, denot- three Nsm-sets. Then

ed by N, N Ng , is defined by
N, 1 N ={(x;, Na(x)) N Np(x;)):x; € E}

where n is a NS intersection,
i€e{1,2,..,.m}andj € {1,2,..,r}.
Example 3.10.

— U uz uz Uy
Na={(xr, ({(.5,.3,.4) ' (2.4,4)" (3,3.5)’ (.7,.8,.4)}’
{ c1 c2 C3 Cq4 }
(7,1,5) ’ (2,5,.7)’ (7 8,0)’ (.0,.0,.0))’

hy hy
{(o 0,0) ' (1,1,.0)" (9,2, 5)}))

Uy us Uy
x 2’({(1 5,.3) (.1,.8,.9)'(.0,.0,1)'(.2,.8,.5)}'

{ C1 C2 C3 Cq }
(.5.55) ' (5,.3.7) (5 4,3)" (1,1,1))’

{ hq h, }))
1,2,5) " (1,1,1)° (186)

N0 (G55 s o o)

(3.7.2) ' (4,3,8)° (.6,5,4) (.6,7,4)

{ cq C2 c3 Cq }

(.5,.6,.8) ’(.5,.7,.8)’(3 5,.6)’ (1,.0,.0))’
hy h,

{(1 .0,1) ’ (5 6,.3)" (1,.0, 0)}))

( ([ up us Uy }
*2 735 ' (6,7,8)° (6,8,6)° (6,7,3))

C1 C2 C3 Cq
{(.4,.3,.2) ’(5,.6,.7)" (9 1,3)’ (1, 2.1)}’
hy h,
{(1 .0,.0) ’ (1,.0,.1) " (4,.2, 3)}))

uz uz Ug
x 3'({(636) ’(3,2,6)’ (.6,7,5)" (376)}

{ c1 c2 C3 Cq }
(7,5,3) ’ (.6,.7,.2)'(5 4,5)’ (3,6,5))’

hy h,
{(3 .5, 6) (1,.0, 0) (.3,.2, 7)}))}

u, uz Uy
(1‘({(374) 7 (2,4,8)" (3,5,.5)’ (684)}

{ C1 C2 C3 Cq }

(5,.6,8) ' (.2,7,8) " (.3,8,6) (1,.0,.0))’
h, h,

{(001) ’(5,1,3)° (925)}))

Uy Uz Uy
(2’({(155) ’(1,8,9)” (.0,8,6)" (275)}

{ C1 C2 C3 Csq }
(4,5,.5) ' (5,6,7)" (5 4,3)" (1,1,1))’

h, h,
{(1 2,5) " (1,1,1) (1,8, 6)}))

i. N, (Ng N N;) = (N, Ng) NN,

|i NA M NA = NA
|i| NA M NA(Z) = NA
iV. NA M NB@ = NA

Proof: The proof is straightforward.

4. NS-multi-set Decision Making

In this section we recall the algorithm de-
signed for solving a neutrosophic soft set
and based on algorithm proposed by Al-
kazaleh and Saleh [20] for solving fuzzy
soft multisets based decision making
problem, we propose a new algorithm to
solve neutrosophic soft multiset(NS-mset)
based decision-making problem.

Now the algorithm for most appropriate
selection of an object will be as follows.

4-1 Algorithm (Maji’s algorithm using
scores)

Maji [20] used the following algorithm to
solve a decision-making problem.

(1) input the neutrosophic Soft Set (F, A).

(2) input P, the choice parameters of Mrs.
X which is a subset of A.

(3) consider the NSS ( F, P) and write it
in tabular form.

(4) compute the comparison matrix of the
NSS (F, P).

(5) compute the score S;, for all i using
S;=T;+I;-F;

(6) find S, = max; S;

(7) if k has more than one value then any
one of bi may be chosen.
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4.2 NS-multiset Theoretic Approch to
Decision—Making Problem

In this section, we construct a Ns-mutiset decision
making method by the following algorithm;

(1) Input the neutrosophic soft multiset (H, C)
which is introduced by making any operations
between (F, A) and (G, B).

(2) Apply MA to the first neutrosophic soft multi-
set part in (H, C) to get the decision Sy .

(3) Redefine the neutrosophic soft multiset (H, C)
by keeping all values in each row where Sy is
maximum and replacing the values in the oth-
er rows by zero, to get (H, C),.

(4) Apply MA to the second neutrosophic soft
multiset part in(H, C),to get the decision Sy, .

(5) Redefine the neutrosophic soft
set(H, C), by keeping the first and second
parts and apply the method in step (c ) to the
third part.

(6) Apply MA to the third neutrosophic soft mul-
tiset part in (H, C), to get the decision Sy, .

(7) The decision is (Sk,, Sk, » Sk,)-

5-Application in a Decision Making Prob-
lem

Assume that U;= {uy,u,, uz,us}, Up= {c1,¢5,¢5,C4}
and U; ={ h; , h,,h; } be the sets of
es” ,’cars”, and “hotels” , respectively and
{E,, E,, E5}be a collection of sets of decision
parameters related to the above universe,

where
E,= {x,Y1 = expensive, x,1
wooden},

= cheap, x3V1 =

E,=

{x,V2 = expensive, x,Y2 =

in green surroundings, X3U2 = sporty}
and

Us —

E;= {x,Ys=expensive, x,3 = majestic,x;Y3 =

in Kuala Lumpur}

Let A={x; = {x,91,%,92, %73}, %, = {x,"1,%,"2,%,3},x, =

{x3U1,x,%2,x, Y33}

and
B={x; = {x,91,%,72,%,"3}, %, = {x,"1,%,"7,%,3},x; =
{x3"1, %32, x3"3}}

Suppose that a person wants to choose objects
from the set of given objects with respect to
the sets of choices parameters. Let there be
two observation N, and Ny by two expert Y,
and Y,, respectively.

Ny={(x1, ( { = = }

(534) (244) (3.3,.5)" (.7,8,4)

C3 c4}
(715) (257) (.7..8,0)” (.0,.0,.0)

(.0,.0,.0) ’ (110) (925)}))

c3 Cy }
(.5, 55) (537) (54—3) (1,1,1)

&
o
(xz ({(153) (1u82 9’ <oui1) (zug 5)}‘
&
@

h,
(1.2,5) " (1,1,1) (1,8, 6)}))

u u, us Uy }

(e, ({(.2,.5,.6) 7 (.6,2,3) " (.8.7,6) " (:3,7,.6))"

{ c cy C3 Cy }
(3,5,7) ' (3,6,2)" (8 5,3)”(.3,5,.5))’

h h,
{(2 6,5) " (1,0,.0)" (.5,.2, 3)}))}

u u, uz Uy }
(3,7,2) ’ (4,3,8)’ (.6,5,4)  (.6,7,4))’

Np={(x1, ({

{ c cy c3 Cy }

(.5,6,.8) ' (.5,7,8)" (3 5,.6)” (1,.0,.0))"
h h,

{(1 0,1) ’(5,6,3) (1,.0, 0)}))

u, us Uy
(2‘({(735) 7 (6,7,8)" (:6,8,.6)" (673)}

{ c cy c3 Cy }
(4,.3,.2) ‘(.5,.6,.7)’(9 1,3)’ (1,2,1))’

h h,
{(1 0,0) ’ (1,0,.1) " (4,.2, 3)}))

u, us Uy
(X3’({(636) 7 (3,2,6) " (6,7,5)" (376)}'

{ c [N c3 Cy }
(.7,.5,.3) ‘(.6,.7,.2)'(5 4,5)’ (3,6,5))’

h h,
{(3 .5,6) ’(1,.0,.0)’ (3,2, 7)}))}

Uz us Uy
{G, ({(5 3,.4) ’ (4,3,4)° (6,.3,4) (.7,.7,.4)}’

{ C1 C2 c3 Cyq }
(.7,1,5) ’ (5,5,.7)" (7 .3,.0)” (1,.0,.0))’
hy h,
{(1 0,0) ’ (1,1,0) (.9,.2, 5)}))
u u u
(2, ({(7 3,.5) "’ (.6,.72,.8)’(.6,.03,.6)’(.6,.;,.3)}’
{ C1 C2 Cc3 Cyq }
(5.3,2) ’(5,.3.7) (9,1,3)’ (1,.2,1))’

hy h, h;
{(1,.0,.0) ’(1,0,.1)" (.4,.2,.3)}))
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uz usz Uy
( 3 ({(6 3,6) ' (3,2,6)° (6.7,5)" (3.7, 6)} Table 3 :Score table: U;- neutrosophic soft multiset part of (H, D).

{(7c51 Y (6C72 . (sc: =, (3cg 5)}, Row sum Column Score
it e " sum

{( 3h51 6’ (1h02 0 (3.2, 7)})) uy 9 12 -3
() ({(2 5.6) (6uz2 3)’ (8u73 6)’ (31174 6)} H2 8 12 4
{(.3,?51,.7) '(.3,?62,.2)'(8C53 3)'(3(:;L s)}’ Uz 13 7 6
{(zhfs1 5)’ (1ho2 0)’ (5,2, 3)}))} Uy 10 9 1

Now we apply MA to the first neutrosophic soft multi-
set part in (H,D) to take the decision from the availabil-
ity set U;. The tabular representation of the first result-
ant neutrosophic soft multiset part will be as in Table 1.
The comparison table for the first resultant neutrosoph-
ic soft multiset part will be as in Table 2.

Next we compute the row-sum, column-sum, and the
score for each u; as shown in Table 3.

From Table 3, it is clear that the maximum score is 6,
scored by us.

Table 1 :Tabular representation: U; - neutrosophic soft multiset part of (H, D).

Now we redefine the neutrosophic soft multiset (H, D)
by keeping all values in each row where u; is maxi-
mum and replacing the values in the other rows by zero
(1,0,0):

(D), ={ (o, (s s s =)

(5,3,4) ’ (4,3,4)’ (.6,3,4)° (.7,.7,4)

C1 C2 C3 Cq
{(.7,.1,.5) ’ (.5,.5,.7)’(7 3,0)" (1, 0,.0)}’
hy h,
{(1 0,0) ’ (1,1,0) " (.9,.2, 5)}))
(X2| ({ = ) 2 ) = ’ — }l

(7,3,5) ’ (:6,7,8)’ (:6,0,.6)’ (.6,.7,.3)

{ Cq C2 C3 Cq }
(1,0,0) ’ (1,0,.0)" (1,.0,0)’ (1,.0,.0))’

Ul dl,l d1,2 d1,3 d1,4- hy h, hs
{(1,.0,.0) ’(1,.0,.0)’ (1,.0,.0)}))’
u, | (5,3,4) |(7,3,5 | (6,3,6)|(2,5,6) (x ({ uy u us Uy }
3 ] ’ ) 1
u2 ('4 ’.3 ’.4) (.6 ,.7 ,.8) (.3 ,.2 ,.6) (.6 ,.2 ,.3) . (.6,.3,.62:2 (.3,.2,.6(:)3 (.6,.7,.5(:)4 (.3,7,.6)
{(.7,.5,.3) " (6,7, 2)’(5 4,5)" (3, 6,.5)}’
u; | (6,3,4) |(6,0,6) | (6,7,5) | (8.7,6) { hy  hy }))
(3,5,.6) ' (1,0,.0)’ (327)
Uy ('7 ! "4) ('6 ! "3) ('3 ! "6) ('3 ! "6) (Xs, ({(.2,1.151,.6) ’ (.6?.122,.3)' (.8,1.173,.6)' (.3,1.1;,.6)}’

Table 2 :Comparison table: U, - neutrosophic soft multiset part of (H, D).

{ [ Cy C3 Cq }
(.3,5,.7) ' (3,6, 2)’(8 5,3)"(3,5,5))’

hq h,
{(2 .6,. 5) (1,.0, 0) (5,2, 3)}))}

U, Uy u, Uz Uy

o T 11 U, | dus d; dy 5 dr,

H2 R ¢, | (7,.1,5) | @,0,0)| (7.5,3) | (3,5,67)

Us 3 4 |3 & | (5.5,7) | (1,0,0)] (6,7.2) | (3.6,2)

Us 3 1|4 ¢ | (7.3,0) | (1,0,0)| (5.4.5) | (8,5,3)
¢ | 1,0,0) | (1,0,0)] (3.6.5) | (3.5,5)

Table 4 :Tabular representation: U,- neutrosophic soft multiset part of (H, D);.
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Cq Ca C3 Cy
Table 5 :Comparison table: U,- neutrosophic soft multiset part of (H, D), {(.7,_5”3) ’(6,.7,2)" (5,4,5) (3, 6“5)}'
U2 Cl C2 C3 C4 hl hZ
{(356) ’(1,0,.0)’ (327)}))
c Uy us Uy
! 4 2 2 2 (4'({(256) ’(6,2,3)" (8,7,6)’ (376)}
C2 4 4 3 3 { C1 C2 C3 Cq4 }
(3,5,.7) ' (3,6,2)° (8 5.3)”(.3,.5,.5))’
h h
C 1 2
3 3 3 4 4 {(1 .0,.0) ' (1,.0,.0)’ (1.0, 0)}))}
Cq 2 2 3 4
Us dy 1 di dy3 dig
Table 6 :Score table: U,- neutrosophic soft multiset part of (H, D), h, | (1,0,0)|(1,0,0)| (3,5,6) |(1,0,0)
Row sum Column sum | Score h, | (1,0.0) | (1,0.0) | 1.0,0) | (1.0,0)
¢ 10 13 -3
h 1,0,0 1,0,0 3,.2,.7 1,0,0
o 1 7 5 Table 7: Tabular representation: Us- neutrosophic soft multiset part of (H, D),.
Table 8 :Comparison table: U;- neutrosophic soft multiset part of (H, D),
C 11 13 -2
* U3 hy h, hs
hy
Now we apply MA to the second neutrosophic soft h,
multiset part in (H,D), to take the decision from the
availability set U,. The tabular representation of the h; 3 3 3
first resultant neutrosophic soft multiset part will be as

in Table 4.

The comparison table for the first resultant neutrosoph-
ic soft multiset part will be as in

Table 5.

Next we compute the row-sum, column-sum, and the
score for each u; as shown in Table 3.

From Table 6, it is clear that the maximum score is 3,
scored by c,.

Now we redefine the neutrosophic soft multiset
(H,D),by keeping all values in each row where c, is
maximum and replacing the values in the other rows by
zero (1,0, 0):

uz us Ug }

(H, D)z =& 1’({(534) ' (4,3.4) (6,3,4)° (.7,7,4)

{ C1 C2 C3 Caq }

(7,1,5) ’ (5,5,.7)’ (7 3,0)’ (1,.0,.0))’
h, h,

{(1 .0,.0) ’ (1,1,0) (.9,.2, 5)}))

uy usz Uy
(2’({(735) ' (6,7.8)" (.6,0,6)" (673)}

C1 C2 C3 Caq
{(1,.0,.0) ’(1,.0,.0)” (1,.0,.0)’ (1,.0,.0)}’
hy h, hs
{(1 .0,.0) ’ (1,.0,.0)’ (1,.0,.0)}))

u, us Uy
(3’({(636) ’(3,2,6)’ (6,7,5)’ (376)}

Table 9 :Score table: U;- neutrosophic soft multiset part of (H, D),

Row sum | Column sum | Score
h, 10 10 0
h, 11 9 2
h, 9 11 -2

Now we apply MA to the third neutrosophic soft mul-
tiset part in (H, D), to take the decision from the avail-
ability set U;. The tabular representation of the first re-
sultant neutrosophic soft multiset part will be as in Ta-
ble 7. The comparison table for the first resultant neu-
trosophic soft multiset part will be as in Table 8. Next
we compute the row-sum, column-sum, and the score
for each u; as shown in Table 3. From Table 9, it is
clear that the maximum score is 2, scored by h,. Then
from the above results the decision for Mr.X is

(uz,cz, hy).
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6.

Conclusion

In this work, we present neutrosophic soft multi-set
theory and study their properties and operations. Then,
we give a decision making methods. An application of
this method in decsion making problem is shown.
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