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Abstract In this paper, the notion of the interval valued
neutrosophic soft set (ivn-soft sets) is defined which is a
combination of an interval valued neutrosophic set [35] and
a soft set [29]. Our ivn-soft sets generalizes the concept of
the soft set, fuzzy soft set, interval valued fuzzy soft set,
intuitionistic fuzzy soft set, interval valued intuitionistic
fuzzy soft set and neutrosophic soft set. Then, we introduce
some definitions and operations on ivn-soft sets sets. Some
properties of ivn-soft sets which are connected to opera-
tions have been established. Also, the aim of this paper is to
investigate the decision making based on ivn-soft sets by
level soft sets. Therefore, we develop a decision making
methods and then give a example to illustrate the devel-
oped approach.

Keywords Neutrosophic sets - Interval valued
neutrosophic sets - Soft sets - Fuzzy sets - Intuitionistic
fuzzy sets - Level soft set - Decision making

1 Introduction

Many fields deal with the uncertain data may not be
successfully modeled by the classical mathematics, since
concept of uncertainty is too complicate and not clearly
defined object. But they can be modeled a number of
different approaches including the probability theory,
fuzzy set theory [39], intuitionistic fuzzy set [3], rough
set theory [32], neutrosophic set theory [33] and some
other mathematical tools. These theories have been
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applied in many real applications to handle uncertainty.
In 1999, Molodtsov [29] succesfully proposed a com-
pletely new theory so-called soft set theory by using
classical sets because its been pointed out that soft sets
are not appropriate to deal with uncertain and fuzzy
parameters. The theory is a relatively new mathematical
model for dealing with uncertainty from a parametriza-
tion point of view.

After Molodtsov, there has been a rapid growth of
interest in soft sets and their various applications such as;
algebraic structures (e.g. [1, 2, 5, 37, 41]), optimization
(e.g. [21]), lattice (e.g. [19, 31, 33]), topology (e.g. [8,11,
28, 34]), perron integration, data analysis and operations
research (e.g. [29, 30]), game theory (e.g. [14, 29]), clus-
tering (e.g. [4, 27]), medical diagnosis (e.g. [38]), and
decision making under uncertainty (e.g. [9, 10, 11, 13, 16,
20, 26]). In recent years, many interesting applications of
soft set theory have been expanded by embedding the ideas
of fuzzy sets (e.g. [9, 12, 16, 22]), rough sets (e.g. [15]) ,
intuitionistic fuzzy sets (e.g. [18, 23]), interval valued
intuitionistic fuzzy sets (e.g. [17, 40]), neutrosophic sets
(e.g. [24, 25)).

Intuitionistic fuzzy sets can only handle incomplete
information because the sum of degree true, indetermi-
nacy and false is one in intuitionistic fuzzy sets. But
neutrosophic sets can handle the indeterminate informa-
tion and inconsistent information which exists commonly
in belief systems in neutrosophic set since indeterminacy
is quantified explicitly and truth-membership, indetermi-
nacy-membership and falsity-membership are indepen-
dent. It is mentioned in [33, 35]. Therefore, Maji firstly
proposed neutrosophic soft sets with operations, which is
free of the difficulties mentioned above, in [25]. He also,
applied to decision making problems in [24]. After Maji,
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the studies on the neutrosophic soft set theory have been
studied increasingly (e.g. [6, 7]).

From academic point of view, the neutrosophic set and
operators need to be specified because is hard to be applied
to the real applications. So the concept of interval valued
neutrosophic sets [35] which can represent uncertain,
imprecise, incomplete and inconsistent information was
proposed. In this paper, we first define interval valued
neutrosophic soft sets (ivn-soft sets) which is generalizes
the concept of the soft set, fuzzy soft set, interval valued
fuzzy soft set, intuitionistic fuzzy soft set, interval valued
intuitionistic fuzzy soft sets. Then, we introduce some
definitions and operations of ivn-soft sets. Some properties
of ivn-soft sets which are connected to operations have
been established. Also, the aim of this paper is to investi-
gate the decision making based on ivn-soft sets. By means
of level soft sets, we develop an adjustable approach to ivn-
soft sets based decision making and a examples are pro-
vided to illustrate the developed approach.

The relationship among ivn-soft set and other soft sets is
illustrated as;

Soft set C Fuzzy soft set
C Intuitionistic fuzzy soft set (Interval valued fuzzy soft set)
C Interval valued intuitionistic fuzzy soft set
C Interval valued neutrosophic soft set

Therefore, interval valued neutrosophic soft set is a gen-
eralization other each the soft sets.

2 Preliminary

In this section, we present the basic definitions of neutro-
sophic set theory [33], interval valued neutrosophic set
theory [35] and soft set theory [29] that are useful for
subsequent discussions. More detailed explanations related
to this subsection may be found in [6, 7, 12, 17, 24, 25, 33,
35, 36].

Definition 2.1 [33] A neutrosophic set A on the universe
of discourse U is defined as

A = {{x,Tx(x),1a(x), Fa(x)) : x € U}

where Ta, Iy, Fa: U —] 0,17 and ~0<Tu(x) + L4 (x)+
Fs(x) <3". From philosophical point of view, the neu-
trosophic set takes the value from real standard or non-
standard subsets of ]~ 0, 1*[. But in real life application in
scientific and engineering problems it is difficult to use
neutrosophic set with value from real standard or non-s-
tandard subset of |70, 17[. Hence we consider the neutro-
sophic set which takes the value from the subset of [0, 1].

@ Springer

Here, 17 = 1 + ¢, where 1 is its standard part and ¢ its
non-standard part. Similarly, 0 = 0 — ¢, where O is its
standard part and ¢ its non-standard part.

Definition 2.2 [36] Let U be a space of points (objects),
with a generic element in U denoted by u. A single valued
neutrosophic sets A in U is characterized by a truth-
membership function T4, a indeterminacy-membership
function I, and a falsity-membership function Fa. Tx(u);
I4(u) and F4(u) are real standard or nonstandard subsets of
[0, 1]. It can be written as
A = {{u, (Ta(u), Is (), Fa(w))) :

€ U, Ta(u),Is(u),Fa(u) € [0,1]}.

There is no restriction on the sum of T4(u); I4(«) and
Fa(u), s0 0 <supTs(u) + supls(u) + supFa(u) <3.

Definition 2.3 [35] Let U be a space of points (objects),
with a generic element in U denoted by u. An interval value
neutrosophic set (IVN-sets) A in U is characterized by
truth-membership function 74, a indeterminacy-member-
ship function I, and a falsity-membership function F4. For
each point u € U; Ty, I4 and F4 C [0, 1].

Thus, a IVN-sets over U can be represented by the set of

A= {(Ta(u),Is(u), Fa(u))/u:u € U}

Here, (T4 (u),14(u), F4(u)) is called interval value neutro-
sophic number for all u € U and all interval value neu-
trosophic numbers over U will be denoted by IVN(U).

Example 2.4 Assume that the universe of discourse U =
{u1, up } where u; and characterises the quality, u; indicates the
prices of the objects. It may be further assumed that the values
of u; and u, are subset of [ 0, 1 ] and they are obtained from a
expert person. The expert construct an interval value neutro-
sophic set the characteristics of the objects according to by
truth-membership function T4, a indeterminacy-membership
function /4 and a falsity-membership function F4 as follows;
A = {(][0.1,1.0],]0.1,0.4],[0.4,0.7]) /uy,

([0.6,0.9],]0.8,1.0],[0.4,0.6]) /u }

Definition 2.5 [35] Let A a interval valued neutrosophic
sets. Then, for all u € U,

1. Ais empty, denoted A = 0, is defined by
0 = {([0,0],[1,1],[1,1])/u: u € U}

2. A is universal, denoted A = E, is defined by
E = {{[1,1],[0.0],[0,0]) /u: u € U}

3. The complement of A is denoted by A and is defined by
A = {([infFa(u), supFa(u)], [I — supls(u), 1 — inf I_A(u)],
[infTa(u), supTa(u)])/u:u € U}
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Definition 2.6 [35] An interval valued neutrosophic set
A is contained in the other interval valued neutrosophic set

B, ACB, if and only if

infTa(u) < infTp(u)
supla(u) > suplp(u)
infls(u) > inflg(u)

forall u € U.

supla(u) > suplp(u)
infFa(u) > infFp(u)
supFa(u) > supFp(u)

Note that an interval valued neutrosophic number X =
(Tx,Ix, Fx) is larger than the other interval valued neu-
trosophic number Y = (Ty, Iy, Fy), denoted X E Y, if and
only if

infTx <infTy  suplx > suply
supTx <supTy supFx > supFy
infly > infly supFx > supFy

Definition 2.7 [35] Let A and B be two interval valued
neutrosophic sets. Then, for all u € U, a € R,

1. Intersection of A and B, denoted by ANB, is defined by

ANB = {{[min(infTx(w), infTs(u)), min(supTs (u), supTp(u))],
[max(infls (), inflg(u)), max(suplIA(x), suplg(u))],
max(infF (), infFp (), max(supFa (), supFy (u))))/

u:ueU}

2. Union of A and B, denoted by AUB, is defined by

AUB = {{[max(infTs(u), infTg(u)), max(supTs (u), supTs(u))],
[min(infls (u), inflp(u)), min(supls (u), suplg(u))],
[min(infFa(u), infFg(u)), min(supFa(u), supFg(u))])/

u:ueU}

3. Difference of A and B, denoted by AYB, is defined by

A\B = {([min(infTa(u), infFp(u)), min(supTa (u), supFp(x))],
[max(infl (1), 1 — suplg(u)), max(supls(u), 1 — inflp(u))],
[max(infFa (), infT (), max(supFa ), supTs u))])/

u:ueU}

4. Addition of A and B, denoted by ATB, is defined by

AT B = {([min(infTx(u) + infTp(u), 1), min(supTa(u) + supTp(u), 1)],
[min(infls(u) + inflg(u), 1), min(suply (1) + suplp(u), 1)],
[min(infFa(u) + infFp(u), 1), min(supFa(u) + supFg(u),1)])/

u:ucU}

5. Scalar multiplication of A, denoted by A7q, is defined
by
ATa = {{[min(infTs(u).a, 1), min(supTy(u).a, 1)],
[min(infla (u).a, 1), min(suply(u).a, 1)],
[min(infF4(u).a, 1), min(supFa(u).a,1)])/
u:u€ U}

6. Scalar division of A, denoted by A7a, is defined by

A/a = {{[min(infTa(u)/a, 1), min(supTa(u)/a, 1)],
[min(infly(u)/a, 1), min(suply(u)/a, 1)),
[min(infFa(u)/a, 1), min(supFa(u)/a,1)])/

u:ueU}

7. Truth-Favorite of A, denoted by AA, is defined by

AA = {{([min(infTy(u) + infly(u), 1), min(supTy (u)
+ suply(u),1)],10,0],
[infFa(u), supFa(u)])/u:ue U}

8. False-Favorite of A, denoted by VA, is defined by

ﬁA = {<[lnfTA(u)a supTA(u)], [Oa OL
[min(infFa(u) + infls(u), 1), min(supFa (u)
+ suply(u),1)])/u:u € U}

Definition 2.8 [29] Let U be an initial universe, P(U) be
the power set of U, E be a set of all parameters and X C E.
Then a soft set Fx over U is a set defined by a function
representing a mapping

fx : E— P(U)suchthatfx(x) =0 if x¢ X

Here, fx is called approximate function of the soft set Fy,
and the value fx(x) is a set called x-element of the soft set
for all x € E. It is worth noting that the set is worth noting
that the sets fx(x) may be arbitrary. Some of them may be
empty, some may have nonempty intersection. Thus, a soft
set over U can be represented by the set of ordered pairs

Fx = {(x/x(x)) : x € E,fx(x) € P(U)}

Example 2.9 Suppose that U = {uy,u, u3, ug, us, ug} is
the universe contains six house under consideration in a
real agent and E = {x; = cheap,x; = beatiful,x3 =
greensurroundings, x4 = costly, xs = large}.

If a customer to select a house from the real agent then,
he/she can construct a soft set Fy that describes the
characteristic of houses according to own requests. Assume
that  fx(xi) = {ur, w2},  fx(x) ={w},  fx(xs) =0,
fx(xq) = U, {u1,up,us3,u4,us} then the soft-set Fyx is
written by

Fx = {(x1, {u1,u2}), (x, {ur, ua, us, ug}), (xs, U),
(xs, {ur, uz,u3,usg,us})}

The tabular representation of the soft set Fy is as follow
(Table 1):

Definition 2.10 [26] Let U = {u;,u,,...,u} be an ini-
tial universe of objects, E = {xj,x2,...,%,} be a set of
parameters and Fy be a soft set over U. For any x; € E,
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Table 1 The tabular
representation of the soft set Fx

x I 1 0 0 0 O
»x 1 0 0 1 1 1
s 0 0 0 0 0 O
xw 1 1 1 1 1 1
s 1 1 1 1 1 0

fx(x;) is a subset of U. Then, the choice value of an object
u; € U is ¢, given by ¢; = Zj u;;, where u;; are the entries
in the table of the reduct-soft-set. That is,

w — { 1, u Efx(x]')
Y Oa Ui gfx(‘x])

Example 2.11 Consider the above Example 2.9. Clearly,

5
c| = Zulj =4,
j=1
5 5
Gr=ce =Y uy =Y ug=2,
J=1 J=1
5 5 5
Cy) = Cq4 = C5 :Zuzj:Zu4j:Zu5j:3
j=1 j=1 Jj=1

Definition 2.12
Then,

[13] Let Fx and Fy be two soft sets.

1. Complement of Fy is denoted by F¥. Its approximate
function fx<(x) = U \ fx(x) forallx € E

2. Union of Fx and Fy is denoted by FxUFy. Its
approximate function fy,jr, is defined by

Frur () =fx(x) Ufy(x) forallx € E.

[29]. Then, we introduce some definitions and opera-
tions of ivn-soft sets sets. Some properties of ivn-soft
sets which are connected to operations have been
established. Some of it is quoted from [6, 7, 12, 13, 17,
18, 24, 25, 35].

Definition 3.1 Let U be an initial universe set, [VN( U )
denotes the set of all interval valued neutrosophic sets of U
and E be a set of parameters that are describe the elements
of U. An interval valued neutrosophic soft sets(ivn-soft
sets) over U is a set defined by a set valued function Yg
representing a mapping

vk 1 E — IVN(U)
It can be written a set of ordered pairs
Tk = {(x,0x(x)) : x € E}

Here, vk, which is interval valued neutrosophic sets, is
called approximate function of the ivn-soft sets Yx and
vk (x) is called x-approximate value of x € E. The subscript
K in the vk indicates that vk is the approximate function of
Yk.

Generally, vk, vz, Uy,... will be used as an approximate
functions of Y, Yz, Yy,..., respectively.

Note that the sets of all ivn-soft sets over U will be
denoted by IVNS(U) .
Now let us give the following example for ivn-soft sets.

Example 3.2 Let U = {uj,uy} be set of houses under
consideration and E is a set of parameters which is a
neutrosophic  word. Consider E = {x; = cheap,x; =
beatiful, x3 = greensurroundings, x4 = costly,xs = large}.
In this case, we give an (ivn-soft sets) Yx over U as;

Yk = {(x1,{([0.6,0.8],[0.8,0.9],[0.1,0.5]) /uy, ([0.5,0.8],[0.2,0.9], [0.1,0.7]) /ur}),

I ] ]
(x2,{([0.1,0.4],]0.5,0.8],[0.3,0.7]) /us, {[0.1,0.9], [0.6,0.9], [0.2,0.3]) /u> }),
(x3,{([0.2,0.9],]0.1,0.5],[0.7,0.8]) /us, {[0.4,0.9], [0.1,0.6], [0.5,0.7]) /u> }),
(x4,{([0.6,0.9],0.6,0.9],0.6,0.9]) /us, {[0.5,0.9], [0.6,0.8], [0.1,0.8]) /u2}),
(x5,{([0.0,0.9], 1.0, 1.0], 1.0, 1.1]) /us, {[0.0,0.9], 0.8, 1.0], [0.2,0.5]) /uz })}

3. Intersection of Fy and Fy is denoted by FyNFy. Its
approximate function fxﬁy is defined by

Jxriv (%) = fx (x) N fr (x)

3 Interval-valued neutrosophic soft sets

forallx € E.

In this section, we give interval valued neutrosophic
soft sets (ivn-soft sets) which is a combination of an
interval valued neutrosophic sets [35] and a soft sets

@ Springer

The tabular representation of the ivn-soft set Yk is as fol-
low (Table 2):

Definition 3.3 Let Y € IVNS(U). If vg(x) =0 for all
x € E, then Y is called an empty ivn-soft set, denoted by

DN
0

Definition 3.4 Let Yx € IVNS(U). If vg(x) = E for all
x € E, then Yk is called a universal ivn-soft set, denoted by
Ye.
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Table 2 The tabular representation of the ivn-soft set Y

Table 5 The tabular representation of the ivn-soft set Y

U u u

x;  ([0.6,0.8],[0.8,0.9],[0.1,0.5]) ([0.5,0.8],[0.2,0.9],[0.1,0.7])
x,  ([0.1,0.4],[0.5,0.8],[0.3,0.7])  ([0.1,0.9],[0.6,0.9],[0.2,0.3])
x3  ([0.2,0.9],[0.1,0.5],[0.7,0.8])  ([0.4,0.9],[0.1,0.6],[0.5,0.7])
xs  ([0.6,0.9],[0.6,0.9],[0.6,0.9]) ([0.5,0.9],[0.6,0.8],[0.1,0.8])
xs  ([0.0,0.9],[1.0,1.0],[1.0,1.1]) ~ ([0.0,0.9],[0.8,1.0],[0.2,0.5])

U u U

x; ([0.5,0.7],]0.8,0.9],[0.2,0.5])  ([0.3,0.6],[0.3,0.9],[0.2,0.8])
x,  ([0.0,0.3],[0.6,0.8],[0.3,0.9]) ([0.1,0.8],[0.8,0.9],[0.3,0.5])
x3  ([0.1,0.7],[0.4,0.5],]0.8,0.9])  ([0.2,0.5],[0.5,0.7],[0.6,0.8])
xs  ([0.2,0.4],[0.7,0.9],[0.6,0.9])  ([0.3,0.9],]0.6,0.9],[0.3,0.9])
xs  ([0.0,0.2],[1.0,1.0],[1.0,1.0])  ([0.0,0.1],[0.9,1.0],[0.2,0.9])

Example 3.5 Assume that U = {u;,u,} is a universal set
and E = {x1,x2,x3, X4,x5} is a set of all parameters.
Consider the tabular representation of the Ya is as follows

(Table 3);
The tabular representation of the Y. is as follows
(Table 4);

Definition 3.6 Let Yk, Y, € IVNS(U). Then, Yk is an
ivn-soft subset of Y, denoted by YxC Yy, if UK(x)ivL(x)
for all x € E.

Example 3.7 Assume that U = {u;,uy} is a universal set
and E = {x{,x2,x3, X4,%5} is a set of all parameters.
Consider the tabular representation of the Y is as follows
(Table 5);

The tabular representation of the Y, is as follows
(Table 6);

Clearly, by Definition 3.6, we have YKQYL.

Remark 3.8 YxCY; does not imply that every element of
Y is an element of Y as in the definition of the classical
subset.

Proposition 3.9 Let Yg, Y, Yy € IVNS(U). Then,

Table 3 The tabular representation of the ivn-soft set Y/w\

Table 6 The tabular representation of the ivn-soft set Y

U uy 172

x1 ([0.0,0.0],[1.0,1.0],[1.0,1.0])  ([0.0,0.0],[1.0,1.0],[1.0,1.0])
x,  ([0.0,0.0],[1.0,1.0],[1.0,1.0])  ([0.0,0.0],[1.0,1.0],[1.0,1.0])
x3  ([0.0,0.0],[1.0,1.0],[1.0,1.0])  ([0.0,0.0],[1.0,1.0],[1.0,1.0])
x4 ([0.0,0.0],[1.0,1.0],[1.0,1.0])  ([0.0,0.0],[1.0,1.0],[1.0,1.0])
xs  ([0.0,0.0],[1.0,1.0],[1.0,1.0])  ([0.0,0.0],[1.0,1.0],[1.0,1.0])

Table 4 The tabular representation of the iva-soft set Y

U u u

x; ([1.0,1.0],]0.0,0.0],[0.0,0.0]) ([1.0,1.0],[0.0,0.0],[0.0,0.0])
x  ([1.0,1.0],]0.0,0.0],[0.0,0.0]) ([1.0,1.0],[0.0,0.0],[0.0,0.0])
x;  ([1.0,1.0],]0.0,0.0],[0.0,0.0]) ([1.0,1.0],[0.0,0.0],[0.0,0.0])
xs  ([1.0,1.0],]0.0,0.0],[0.0,0.0]) {[1.0,1.0],[0.0,0.0],[0.0,0.0])
x5 ([1.0, 1.0],[0.0,0.0],[0.0,0.0])  ([1.0,1.0],[0.0,0.0],[0.0,0.0])

U u u

x; ([0.6,0.8],[0.8,0.9],[0.1,0.5])  ([0.5,0.8],[0.2,0.9],[0.1,0.7])
x,  ([0.1,0.4],[0.5,0.8],[0.3,0.7])  ([0.1,0.9],[0.6,0.9],[0.2,0.3])
x3 ([0.2,0.9],]0.1,0.5],[0.7,0.8])  ([0.4,0.9],[0.1,0.6],[0.5,0.7])
xs  ([0.6,0.9],]0.6,0.9],[0.6,0.9]) ([0.5,0.9],[0.6,0.8],[0.1,0.8])
xs  ([0.0,0.9],[1.0,1.0],[1.0,1.0])  ([0.0,0.9],[0.8,1.0],[0.2,0.5])

1. YxCY;
2. YaiYK
3. YxCYx
4. YxCYpand Y,CYy = YxCYy

Proof They can be proved easily by using the approxi-
mate function of the ivn-soft sets. O

Definition 3.10 Let Yg, Y, € IVNS(U). Then, Yx and
Y, are ivn-soft equal, written as Yx = Y, if and only if
vk (x) = v (x) for all x € E.

Proposition 3.11 Let Yg, Y, Yy, € IVNS(U). Then,

1. Yx=Y,and ¥, =Yy < Yx =Yy
2. YKQYL and YLiYK@YK:YL

Proof The proofs are trivial. (]
Definition 3.12 Let Yx € IVNS(U). Then, the comple-
ment Y% of Y is an iva-soft set such that

v (x) = v (x), forallx € E.

Example 3.13 Consider the above Example 3.7, the

complement Yi of Y, can be represented into the follow-
ing table (Table 7);

Proposition 3.14 Let Yx € IVNS(U). Then,

() =Yg
2. YL=1Y;
@ E
Y% =Y~
3. Yp=1;

Proof By using the fuzzy approximate functions of the
ivn-soft set, the proofs can be straightforward. O
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Table 7 The tabular representation of the ivn-soft set Yi

Table 9 The tabular representation of the ivn-soft set YxAY,

U u u

x; ([0.1,0.5],]0.1,0.2],[0.6,0.8])  ([0.1,0.7],[0.1,0.8],[0.5,0.8])
x  ([0.3,0.7],[0.2,0.5],[0.1,0.4])  ([0.2,0.3],[0.1,0.4],[0.1,0.9])
x3  ([0.7,0.8],[0.5,0.9],[0.2,0.9])  ([0.5,0.7],[0.4,0.9],[0.4,0.9])
xs  ([0.6,0.9],[0.1,0.4],[0.6,0.9])  ([0.1,0.8],[0.2,0.4],[0.5,0.9])
xs  ([1.0,1.0],[0.0,0.0],[0.0,0.9]) ([0.2,0.5],[0.0,0.2],[0.0,0.9])

U u Uy

x1 ([0.5,0.7],[0.8,0.9],[0.2,0.5])  ([0.3,0.6],[0.3,0.9],[0.2,0.8])
x  ([0.0,0.3],[0.6,0.8],[0.3,0.9]) ([0.1,0.8],[0.8,0.9],[0.3,0.5])
x3  ([0.1,0.7],[0.4,0.5],[0.8,0.9])  ([0.2,0.5],[0.5,0.7],[0.6,0.8])
xs  ([0.2,0.4],[0.7,0.9],[0.6,0.9])  ([0.3,0.9],[0.6,0.9],[0.3,0.9])
xs  ([0.0,0.2],[1.0,1.0],[1.0,1.0])  ([0.0,0.1],[0.9,1.0],[0.2,0.9])

Theorem 3.15 Let Yy € IVNS(U).

Then, Yk i Y, &

Example 3.21

Consider the above Example 3.7, the

T, CY%
Proof By using the fuzzy approximate functions of the
ivn-soft set, the proofs can be straightforward. O

Definition 3.16 Let Yk, Y, € IVNS(U). Then, union of
Yx and Y, denoted YxUY, is defined by

l)KGL(x) = v (x) Uz (x)

Example 3.17 Consider the above Example 3.7, the union

forallx € E.

of Yg and Y, denoted YKOYL, can be represented into the
following table (Table 8);

Theorem 3.18 Let Yk, Y, € IVNS(U). Then, YUY is
the smallest ivn-soft set containing both Yx and Y.

Proof The proofs can be easily obtained from Definition
3.16. O

Proposition 3.19 Let Yg, Y, Yy € IVNS(U). Then,

1. YxOYx =Yk

2. YKOYE =Yg

3. YkUYp=1T;

4. YxOY, =Y, 0Yx

5. (YxOY)OYy = YO, 0Yy)

Proof The proofs can be easily obtained from Definition
3.16. O

Definition 3.20 Let Yk, Y, € IVNS(U). Then, intersec-
tion of Yx and Y, denoted TKﬁYL, is defined by

v~ (x) = vg(x) Moz (x)

oL forallx € E.

Table 8 The tabular representation of the ivn-soft set Y or,

U w u

x1 ([0.6,0.8],[0.8,0.9],[0.1,0.5])  ([0.5,0.8],[0.2,0.9],[0.1,0.7])
x  ([0.1,0.4],[0.5,0.8],[0.3,0.7])  ([0.1,0.9],[0.6,0.9],[0.2,0.3])
x3 ([0.2,0.9],[0.1,0.5],[0.7,0.8])  ([0.4,0.9],[0.1,0.6],[0.5,0.7])
xs  ([0.6,0.9],[0.6,0.9],[0.6,0.9]) ([0.5,0.9],[0.6,0.8],[0.1,0.8])
xs  ([0.0,0.9],[1.0,1.0],[1.0,1.0])  ([0.0,0.9],[0.8,1.0],[0.2,0.5])

@ Springer

intersection of Yx and Y, denoted YKﬁYL, can be rep-
resented into the following table (Table 9);

Proposition 3.22 Let Yg, Y, € IVNS(U). Then, YxN Y,
is the largest ivn-soft set containing both Yx and Y.

Proof The proofs can be easily obtained from Definition
3.20. O

Proposition 3.23 Let Yg, Y, Yy € IVNS(U). Then,

1. YxNYx = Yx
2. YxNY~= Y~
KT 0 0
3. YKQYE =Yg
4. YxNY, =Y NYx
5. (YxNYL)NYy = YxN(YLAYy)

Proof The proof of the Propositions 1- 5 are obvious. [J
Yg €IVNS(U) If YK#Y/[Z]\ or
Yx # Yz, then YxUYS # Y; and YO Y% # Y-

Remark 3.24 Let

Proposition 3.25 Let Yk, Y, € IVNS(U). Then, De

Morgan’s laws are valid

L (YxOY) =rens

2. (YY) =15 0%,

Proof The proofs can be easily obtained from Definition
3.12, Definition 3.16 and Definition 3.20. O
Proposition 3.26 Let Yg, Y, Yy, € IVNS(U). Then,

L YxO(X.NYy) = (YxOY )N (Y UYy)
2. YxN(YLOYw) = (YxNY) (YN Yy)
3. YxU(rgNYL) = Yk
4. YeN(YxOYL) =Yg

Proof The proofs can be easily obtained from Definition
3.16 and Definition 3.20. O
Definition 3.27 Let Yk, Y, € IVNS(U). Then, OR oper-

ator of Yx and Y, denoted YK\7YL, is defined by a set
valued function Y representing a mapping
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Table 10 The tabular
representation of the ivn-soft set

uj

Uz

YK / 5 X1
X2
X3
X4

X5

(
(
(
(
(

[0.1,0.14],[0.16,0.18], [0.04,0.1])
[0.0,0.06], 0.12,0.16], [0.16,0.18])
[0.02,0.14],[0.08,0.1], [0.16,0.18])
[0.04,0.08], [0.14,0.18], [0.12,0.18])
[0.0,0.04],[0.2,0.2],[0.2,0.2])

([0.06,0.12],[0.15,0.18], [0.04,0.16])
([0.02,0.16], [0.16,0.18], [0.15,0.25])
([0.04,0.1],[0.1,0.14], [0.12,0.16])
([0.15,0.18], [0.12,0.18], [0.06,0.18])
([0.0,0.05],[0.18,0.2], [0.04,0.18])

vo : Ex E— IVN(U)
where

vo(x,y) = vk (x)UvL(y)

forall (x,y) € E x E.

YL( )XY
m(x)

x (x)
= Yk (x) X (Y (x) X Y (x))

Proof The proofs can be easily obtained from Definition

3.33.

O

Definition 3.28 Let Yk, Y, € IVNS(U). Then, AND

operator of Yg and Y, denoted Yk /A\YL, is defined by a set
valued function Y4 representing a mapping

va: EX E— IVN(U)
where

va(x,¥) = vk (x)Nug(y) forall (x,y) € E x E.

Proposition 3.29 Let Yg, Y, Yy, € IVNS(U). Then,

L. (YK\/YL)( YeAYS
2. (YxAYy) = Y%VYE-
3. (YKVYL)\:/YM = YK\/(YL\/YM)
4. (YkAYDAYw = Ye AOCLAYw)

Proof The proof of the Propositions 1-4 are obvious. [
Definition 3.30 Let Yk, Y, € IVNS(U). Then, difference
of Yx and Y;, denoted YKYYL, is defined by

v ~ (x) = vg(x)\vz (x)

K\L

forallx € E.

Definition 3.31 Let Yk, Y, € IVNS(U). Then, addition
of Yx and Y;, denoted YK—T—YL, is defined by

U,(:L(x) = vg(x)Fu (x) forallx € E.
Proposition 3.32 Let Yk, Y1, Yy € IVNS(U). Then,

L Y)Y (0) =0, ( )+ Yk (x)

2. (Yk()+Y2(x))+ s (x) = Y (x) (Y (x) F Yr ()

Proof The proofs can be easily obtained from Definition
3.31. O

Definition 3.33 Let Yx € IVNS(U). Then, scalar multi-
plication of Yg, denoted axX Yk, is defined by

axYgx =d.vg forallx € E.

Proposition 3.34 Let Yg, Y, Yy € IVNS(U). Then,

Definition 3.35 Let Yx € IVNS(U). Then, scalar division
of Yk, denoted Yg /a, is defined by

YK/Aa = Yk7a forallx € E.

Example 3.36 Consider the above Example 3.7, for

a = 5, the scalar division of Yk, denoted YK/AS, can be
represented into the following table (Table 10);

Definition 3.37 Let Yx € IVNS(U). Then, truth-Favorite
of Yk, denoted ﬁYK, is defined by

&YK = &v[( forallx € E.

Example 3.38 Consider the above Example 3.7, the truth-

Favorite of Yk, denoted ﬁYK, can be represented into the
following table (Table 11);

Proposition 3.39 Let Yg, Y, € IVNS(U). Then,

1. AAYx =AYk

2. A(YxOYx)CAYOAYK
3. A(YkNYK)CAYRAAYK
4. A(Yx3Yx) = AYkT ATk

Proof The proofs can be easily obtained from Definition
3.16, Definition 3.20 and Definition 3.37. O

Definition 3.40 Let Yx € IVNS(U). Then, False-Favorite
of Yk, denoted </ Y, is defined by

Table 11 The tabular representation of the ivn-soft set ﬁYK

U u u

x1 ([1.0,1.0],[0.0,0.0],[0.2,0.5])  ([0.6,1.0],[0.0,0.0],[0.2,0.8])
x  ([0.6,1.0],[0.0,0.0],[0.3,0.9]) ([0.9,1.0],[0.0,0.0],[0.3,0.5])
x3  ([0.5,1.0],]0.0,0.0],[0.8,0.9]) ([0.7,1.0],[0.0,0.0],[0.6,0.8])
xs  ([0.9,1.0],]0.0,0.0],[0.6,0.9]) ([0.9,1.0],[0.0,0.0],[0.3,0.9])
xs  ([1.0, 1.0],[0.0,0.0],[1.0,1.0])  ([0.9,1.0],[0.0,0.0],[0.2,0.9])
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Table 12 The tabular representation of the ivn-soft set </ Yx

U u U

x; ([0.5,0.7],]0.0,0.0],[1.0,1.0])  ([0.3,0.6],[0.0,0.0],[0.5,1.0])
x  ([0.0,0.3],[0.0,0.0],[0.9,1.0])  ([0.1,0.8],[0.0,0.0],[1.0,1.0])
x3  ([0.1,0.7],[0.0,0.0],[1.0,1.0])  ([0.2,0.5],[0.0,0.0],[1.0,1.0])
x4 ([0.2,0.4],[0.0,0.0],[1.0,1.0])  ([0.3,0.9],[0.0,0.0],[0.9,1.0])
xs  ([0.0,0.2],[0.0,0.0],[1.0,1.0])  ([0.0,0.1],[0.0,0.0],[1.0,1.0])

Yk = Jvg forallx € E.

Example 3.41 Consider the above Example 3.7, the
False-Favorite of Yk, denoted </ Yk, can be represented
into the following table (Table 12);

Proposition 3.42 Let Yg, Y, € IVNS(U). Then,

[FEAVAVA F'EAvA '

2. F(YkOYK)CTYKTT Yk
3. U(YxkNYx)CUYRAT Yk
4. T(Yx+Yg) = TVx+ Y

Proof The proof can be easily obtained from Definition
3.16, Definition 3.20 and Definition 3.40. O

Theorem 3.43 Let P be the power set of all ivn-soft sets

defined in the universe U. Then (P, N, U) is a distributive
lattice.

Proof The proof can be easily obtained by showing
properties; idempotency, commutativity, associativity and
distributivity. O

4 ivn-soft set based decision making

In this section, we present an adjustable approach to ivn-
soft set based decision making problems by extending the
approach to interval-valued intuitionistic fuzzy soft set
based decision making [40]. Some of it is quoted from [18,
26, 35, 40].

Definition 4.1 Let Yx € IVNS(U). Then a relation form
of Yk is defined by

Ry = {(re (v, u)/(x,u)) : rv (x,u) € IVN(U), x € E, u
e U}

where ry, : E X U — IVN(U) and ry,(x,
alxeEandueU.
That is, ry,(x,u) = vg(y(u) is characterized by truth-

u) = gy (u) for

membership function Tk, a indeterminacy-membership
function Ix and a falsity-membership function Fg. For
each point x € E and u € U; Tk, Ix and Fx C [0, 1].
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Example 4.2 Consider the above Example 3.7, then,
1y, (X, u) = vg(y) (1) can be given as follows

vk (e (1) = ([0.6,0.8],[0.8,0.9], [0.1,0.5),
V() (12) = ([0.5,0.8],[0.2,0.9],[0.1,0.7)),
V(e (1) = ([0.1,0.4],[0.5,0.8],[0.3,0.7)),
V(e (1) = ([0.1,0.9],[0.6,0.9],[0.2,0.3]),
V(e (1) = ([0.2,0.9],[0.1,0.5], [0.7,0.8)),
Ok (e (12) = ([0.4,0.9],0.1,0.6], [0.5,0.7),
U (ep) (1) = ([0.6,0.9],[0.6,0.9], [0.6,0.9]),
V(e (u2) = ([0.5,0.9],[0.6,0.8], [0.1,0.8)),
V(o) (1) = ([0.0,0.9], [1.0, 1.0], [1.0, 1.0}),
V() (12) = ([0.0,0.9],0.8,1.0],[0.2,0.5)).

Zhang et al.[40] introduced level-soft set and different
thresholds on different parameters in interval-valued intu-
itionistic fuzzy soft sets. Taking inspiration these defini-
tions we give level-soft set and different thresholds on
different parameters in ivn-soft sets.

Definition 4.3 Let Y € IVNS(U). For o, f,7 C [0,1],
the (a, 8, 7)-level soft set of Yk is a crisp soft set, denoted
(YKv <OC, ﬂ7 y>)’ defined by

(Yk; (o B, 7)) = { (i {uy - wy € U, p(uy) = 1}) < xi € E}
where,

S (@ By) S vk (w)
uluy) = {O, others .

for all u; € U.

Obviously, the definition is an extension of level soft
sets of interval-valued intuitionistic fuzzy soft sets [40].

Remark 4.4 In Definition 4.3, oo = (ay,0) C [0, 1] can be
viewed as a given least threshold on degrees of truth-
membership, f = (f,5,) C[0,1] can be viewed as a
given greatest threshold on degrees of indeterminacy-
membership and y = (y,,7,) C [0, 1] can be viewed as a
given greatest threshold on degrees of falsity-membership.
If (o, 3, V)/S\UK(XI)(M), it shows that the degree of the truth-
membership of u with respect to the parameter x; is not less
than «, the degree of the indeterminacy-membership of u
with respect to the parameter x; is not more than y and the
degree of the falsity-membership of u with respect to the
parameter x; is not more than /3. In practical applications of
inv-soft sets, the thresholds o, f3, y are pre-established by
decision makers and reflect decision makers’ requirements
on “truth-membership levels”, “indeterminacy-member-
ship levels” and “falsity-membership levels”, respectively.

Example 4.5 Consider the above Example 3.7.
Clearly the ( [0.3, 0.4], [0.3, 0.5], [0.1, 0.2])-level soft
set of Yk as follows
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Table 13 The tabular representation of the ivn-soft set </ Yx

U wu U

x; ([0.5,0.7],]0.8,0.9],[0.2,0.5])  ([0.3,0.6],[0.3,0.9],[0.2,0.8])
x  ([0.0,0.3],[0.6,0.8],[0.3,0.9]) ([0.1,0.8],[0.8,0.9],[0.3,0.5])
x3  ([0.1,0.7],[0.4,0.5],]0.8,0.9])  ([0.2,0.5],]0.5,0.7],[0.6,0.8])
xs  ([0.2,0.4],[0.7,0.9],[0.6,0.9])  ([0.3,0.9],]0.6,0.9],[0.3,0.9])
xs  ([0.0,0.2],[1.0,1.0],[1.0,1.0])  ([0.0,0.1],[0.9,1.0],[0.2,0.9])
U  u Uy

x; ([0.5,0.8],0.8,0.9],[0.3,0.9]) ([0.1,0.9],[0.5,0.9],[0.2,0.4])
x  ([0.9,0.9],[0.2,0.3],[0.3,0.5])  ([0.7,0.9],[0.1,0.3],[0.5,0.6])
x3  ([0.8,0.9],[0.1,0.7],[0.6,0.8])  ([0.8,0.9],[0.1,0.2],[0.5,0.6])
xs  ([0.6,0.9],[0.6,0.9],[0.6,0.9]) ([0.5,0.9],[0.6,0.8],[0.5,0.8])
xs  ([0.8,0.9],[0.0,0.4],[0.7,0.7])  ([0.7,0.9],]0.5,1.0],[0.6,0.5])
U us Ug

x; ([0.6,0.8],[0.8,0.9],[0.1,0.5])  ([0.5,0.8],[0.2,0.9],[0.1,0.7])
x,  ([0.1,0.4],[0.5,0.8],[0.3,0.7])  ([0.1,0.9],[0.6,0.9],[0.2,0.3])
x;  ([0.2,0.9],]0.1,0.5],[0.7,0.8])  ([0.4,0.9],[0.1,0.6],[0.5,0.7])
xs  ([0.6,0.9],[0.6,0.9],[0.6,0.9]) ([0.5,0.9],[0.6,0.8],[0.1,0.8])
xs  ([0.0,0.9],[1.0,1.0],[1.0,1.0])  ([0.0,0.9],[0.8,1.0],[0.2,0.5])

(Yg;([0.3,0.4],]0.3,0.5],[0.1,0.2]))

= {(x1, {ur }), (xa, {ur,u2})}

Note 4.6 In some practical applications the thresholds
o, 3,y decision makers need to impose different thresholds
on different parameters. To cope with such problems, we
replace a constant value the thresholds by a function as the
thresholds on truth-membership values, indeterminacy-
membership values and falsity-membership values,
respectively.

Theorem 4.7 Let Y, Y, € IVNS(U). Then,

L (Yk; (o, B, 1)) and (Y (o2, B, 7)) are (e, By, 71)-
level soft set and (ocz,ﬂz7 y,)-level soft set of Yk,
respectively. If (ocbﬂz,/z) (o1, B1,7,), then we have

(Yk; (1, Br, 1)) S (Y (2, B, 72))-
2. (Yk;{a, f,7)) and (Xr; (o, B,y)) are (o, 5, y-level soft

set Yk and Y, respectively. If YKQYL, then we have

(Y; (o, B, 9)) (X1 (o, By 7).

Proof The proof of the theorems are obvious. O

Definition 4.8 Let Yx € IVNS(U). Let an interval-valued
neutrosophic set (, ,7)y, : E — IVN(U) in U which is
called a threshold interval-valued neutrosophic set. The
level soft set of Y with respect to (o, f3, y)YK is a crisp soft
set, denoted by (Yx; (2, B,7)y, ), defined by;

(Yks (o By vy, ) = { (v {uy  wyy € U, puluy) = 13) = x;
€ E}

where,

(1) < vk (17)

<OC7 ﬂ7 V>TK

others

) ={ &

for all u; € U.

Obviously, the definition is an extension of level soft
sets of interval-valued intuitionistic fuzzy soft sets [40].

Remark 4.9 In Definition 4.8, o = (o1, 02) C [0, 1] can be
viewed as a given least threshold on degrees of truth-
membership, = (f,5,) C[0,1] can be viewed as a
given greatest threshold on degrees of indeterminacy-
membership and y = (y,7,) C [0, 1] can be viewed as a
given greatest threshold on degrees of falsity-membership
of u with respect to the parameter x.

If (o, B, 7)v, (xi)/g\u,((x‘.)(u) it shows that the degree of
the truth-membership of u with respect to the parameter x;
is not less than o, the degree of the indeterminacy-
membership of u with respect to the parameter x; is not
more than y and the degree of the falsity-membership of u
with respect to the parameter x; is not more than f.

Definition 4.10 Let Yx € IVNS(U). Based on Yk, we
can define an interval-valued neutrosophic set (, 5, 7)3* :

E — IVN(U) by

<avﬁv (;”V,f xl ZUK (%) /|U|

uclU
for all x € E.

The interval-valued neutrosophic set (x, f, 7)}* is called
the avg-threshold of the ivn-soft set Y. In the following
discussions, the avg-level decision rule will mean using the
avg-threshold and considering the avg-level soft set in iva-
soft sets based decision making.

Let us reconsider the ivn-soft set Yx in Example 3.7.
The avg-threshold (x, §,7){* of Yk is an interval-valued
neutrosophic set and can be calculated as follows:

2

val )/ 1U|

- <[o.55, 0.8],10.5,0.9],[0.1,0.6])

(o, B, 1) 58 (x1)

2
(o, (]1(,( X2 :ZUKxa )/|U|
([O.l7 0.65],[0.55,0.85],[0.25,0.5])

(o, B, 1) YE (%) an )/1U|
= <[o.15, 0.9],[0.1,0.55],0.6,0.75))
(o0, B )75 (xa) an )/1U|

<[o 55,0.9],[0.6,0.85], [0.35,0.85])
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2
vas /Ul

<[o 0,0.9],[0.9,1.0], [0.6,0.75])

(o, B, )y (xs)

Therefore, we have

(o, B, y)’}vkg = {(]0.55,0.8],[0.5,0.9],[0.1,0.6]) /x;,
[0.1,0.65],[0.55,0.85],[0.25,0.5]) /x2,
[0.15,0.9],[0.1,0.55],[0.6,0.75]) /x3,
[0.55,0.9],[0.6,0.85],[0.35,0.85]) /x4,
[0.0,0.9],[0.9,1.0],[0.6,0.75]) /x5 }

o~ o~~~

Example 4.11 Consider the above Example 3.7. Clearly;
(Yi; (o, B, 7)v, ) = { (s, {ua})}

Definition 4.12 Let Yx € IVNS(U). Based on Yk, we
can define an interval-valued neutrosophic  set

(o 7)Y 2 A — IVN(U) by

<OC ﬁ7 >Mmm

= {(maviculinfT,y . o} mavieu {supTyy
[minueU{inﬂvK )

s by mingeu{supl, o)t

[minucu{infFo, o} minueu{supF . w}) /i : x,GE}

The interval-valued neutrosophic set (o, f, y)Mmm is
called the max-min-min-threshold of the ivn-soft set Yx. In
what follows the Mmm-level decision rule will mean using
the max-min-min-threshold and considering the Mmm-
level soft set in ivn-soft sets based decision making.

Definition 4.13 Let Yx € IVNS(U). Based on Yk, we
can define an interval-valued neutrosophic set (a, 8, 7)Y, :
E — IVN(U) by

<“ ﬁ >mmm
7

= { ([minueu{infT,)K(xl)

[minueU{inﬂl)K )

[minuev{infF o, )} minucu{supF @) /xi : xi € E}

() minueu {supTo w3,

) () }a minueU{SMPInK(» (u) }];

The interval-valued neutrosophic set (o, f,7)y"" is
called the min-min-min-threshold of the ivn-soft set Yg. In
what follows the mmme-level decision rule will mean using
the min-min-min-threshold and considering the mmm-level
soft set in ivn-soft sets based decision making.

Theorem 4.14 Let Yg €IVNS(U). Then, (Yk;
(o B0)SE)s (Y (o By ™), (Y (o By 9) ™)) are the

@ Springer

avg-level soft set, Mmm-level soft set, mmm-level soft set
of Yx € IVNS(U), respectively. Then,

L. (YKa <O( ﬁaV>Mmm)g( <OC ﬂay>u )
2. (Y (o By ™ S (Yks o By ) ™)
Proof The proof of the theorems are obvious. O

Theorem 4.15 Let Yg, Y, € IVNS(U). Then,

1. Let <O€1,ﬁ1,71>§‘[( and <O€2,ﬁ2,y2>i¥K for i e {an7
Mmm,mmm} be two threshold interval-valued neutro-
sophic ~ sets.  Then,  (Yg; (1, fy,71)y,) and

(Yk; <oc2,[32,y2>n) are (al,ﬁl,yl>YK-level soft set
and (a2, B, 72)y, -level soft set of Yk, respectively. If

<°‘27/32aVz)r,(/§\<alaﬁ17”/1>¥,(’ then  we
(Y; (o1, By, "/1>YK)§(YK§ (22, B, "/2>TK)-

2. Let (« B,7)y, be a threshold interval-valued neutro-
sophic ~ sets. ~ Then,  (Yx;(%,f,7)y,)  and
(Yr; (o, B, )y, ) are (a, B,7)-level soft set Yg and Yy,

have

respectively. If Yk Q Y;, then we have
(YK; <O(a ﬁa V>YK)§(TL; <OC3 ﬁa V>YK)'
Proof The proof of the theorems are obvious. O

Now, we construct an ivn-soft set decision making
method by the following algorithm;
Algorithm:

1. Input the ivn-soft set Yg,
Input a threshold interval-valued neutrosophic set
(o, B, V)?;(g (or (o, 5;7>Mmm (o, B, 7)Y, ") by using
avg-level decision rule (or Mmm-level decision rule,
mmm-level decision rule) for decision making

3. Compute avg-level soft set (Yk; (2, f,7)1*) (or Mmm-

level soft set ((Y; (o, f3, )Mmm), mmm-level soft set
(Ys o B 0)v )

4. Present the level soft set (Yx; (%, ,7)%) (or the level
soft  set((Yx; (o, B, >M'"'", the
(Yk; (2, B,7)¥,"))) in tabular form.

5. Compute the choice value ¢; of u; for any u; € U,
6. The optimal decision is to select uy if ¢y = max,,cyc;.

level soft set

Remark 4.16 If k has more than one value then any one of
ux may be chosen.

If there are too many optimal choices in Step 6, we may
go back to the second step and change the threshold (or
decision rule) such that only one optimal choice remains in
the end.

Remark 4.17 The aim of designing the Algorithm is to
solve ivn-soft sets based decision making problem by using
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level soft sets. Level soft sets construct bridges between
ivn-soft sets and crisp soft sets. By using level soft sets, we
need not treat ivn-soft sets directly but only cope with crisp
soft sets derived from them after choosing certain thresh-
olds or decision strategies such as the mid-level or the
top?bottom-level decision rules. By the Algorithm, the
choice value of an object in a level soft set is in fact the
number of fair attributes which belong to that object on the
premise that the degree of the truth-membership of u with
respect to the parameter x is not less than “truth-mem-
bership levels”, the degree of the indeterminacy-member-
ship of u with respect to the parameter x is not more than
“indeterminacy-membership levels” and the degree of the
falsity-membership of u with respect to the parameter x is
not more than “falsity-membership levels”.

Example 4.18 Suppose that a customer to select a house
from the real agent. He can construct a ivn-soft set Y that
describes the characteristic of houses according to own
requests. Assume that U = {uy,up, u3,ug,us,us} is the
universe contains six house under consideration in an real
agent and E = {x; = cheap, x, = beatiful,x; =
greensurroundings, x4 = costly, xs = large}.
Now, we can apply the method as follows:

1. Input the ivn-soft set Y as,

Input a threshold interval-valued neutrosophic set

(o, B, y)‘}v[f by using avg-level decision rule for deci-

sion making as;

(o, B, y)’;vlf = {([0.41,0.76],[0.56,0.9],[0.18,0.63]) /x1,
([0.31,0.7],[0.46, 0.66], [0.31,0.58]) /x2,
([0.41,0.8],[0.21,0.53],[0.61,0.76]) /x5,
([0.45,0.81],[0.61,0.86], [0.45,0.86]) /x4,
([0.25,0.65],[0.7,0.9],[0.61,0.76]) /x5 }

avg

3. Compute avg-level soft set (Yk; (o, B, 7))") as;

(Y (o, B, V>[;”v,f) = {(x2, {us}), (x3, {us}), (x4, {us},
(s, {us})}

4. Present the level soft set (Yk;(x, f,7)}¢) in tabular

form as (Table 14);
5. Compute the choice value ¢; of u; for any u; € U as;

Table 14 The tabular
representation of the soft set Fy

x 0 0 0 0 0 O
x»x 0 0 1 0 0 0
x3 0 0 0 1 0 O
xx3 0 0 0 0 0 1
x 0 0 1 0 0 O

675
5 6 5
61—6226525 ulj:E sz:E hs; =0,
= =1 j=1
5 6
6420622 Lt4j:E h6j:1
j=1 j=1
5
C3 = E uszj = 2
J=1
The optimal decision is to select wu3 since

C3 = maxycycCi.

Note that this decision making method can be applied
for group decision making easily with help of the Defini-
tion 3.27 and Definition 3.28.

5 Conclusion

In this paper, the notion of the interval valued neutrosophic
soft sets (ivn-soft sets) is defined which is a combination of
an interval valued neutrosophic sets[35] and a soft sets[29].
Then, we introduce some definitions and operations of ivn-
soft sets sets. Some properties of ivn-soft sets which are
connected to operations have been established. Finally, we
propose an adjustable approach by using level soft sets and
illustrate this method with some concrete examples. This
novel proposal proves to be feasible for some decision
making problems involving ivn-soft sets. It can be applied
to problems of many fields that contain uncertainty such as
computer science, game theory, and so on.
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