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ABSTRACT

In this article, we combine the interval valued neutrosophic soft set and graph theory. We introduce the
notions of interval valued neutrosophic soft graphs, strong interval valued neutrosophic graphs,
complete interval valued neutrosophic graphs, and investigate some of their related properties. We study
some operations on interval valued neutrosophic soft graphs. We also give an application of interval
valued neutrosophic soft graphs into a decision making problem. We hold forth an algorithm to solve
decision making problems by using interval valued neutrosophic soft graphs.

KEYWORDS: interval valued neutrosophic soft sets, interval valued neutrosophic soft sets,
interval valued neutrosophic soft graphs, strong interval valued neutrosophic soft graphs,
complete interval valued neutrosophic soft graphs, decision making.

1. INTRODUCTION

The neutrosophic set (NSs), proposed by (Smarandache, 2006, 2011), is a powerful
mathematical tool for dealing with incomplete, indeterminate and inconsistent information in
real world. Itis a generalization of the theory of fuzzy sets (Zadeh, 1965), intuitionistic fuzzy
sets (Atanassov, 1986,1999) and interval-valued intuitionistic fuzzy sets (Atanassov, 1989).
The neutrosophic sets are characterized by a truth-membership function (t), an indeterminacy-
membership function (i) and a falsity-membership function (f) independently, which are within
the real standard or nonstandard unit interval ]0, 1*[. In order to conveniently employ NS in
real life applications, (Wang et al., 2010) introduced the concept of single-valued neutrosophic
set (SVNS), a subclass of the neutrosophic sets. The same authors (Wang, Zhang, &
Sunderraman, 2005) introduced the concept of interval valued neutrosophic set (IVNS), which
is more precise and flexible than single valued neutrosophic set. The IVNS is a generalization
of single valued neutrosophic set, in which three membership functions are independent and
their value belong to the unit interval [0, 1]. Some more work on single valued neutrosophic
set, interval valued neutrosophic set and their applications may be found in (Aydogdu, 2015;
Ansari et a.l, 2012; Ansari et al. 2013; Ansari et al. 2013a; Zhang et al., 2015; Zhang et al.,
2015b; Deli et al. ,2015; Ye, 2014, 2014a; Sahin, 2015; Aggarwal et al.,2010; Broumi and
Smarandache, 2014; Karaaslan and Davvaz, 2018).

Graph theory has now become a major branch of applied mathematics and it is generally
regarded as a branch of combinatorics. Graph is a widely used tool for solving a combinatorial
problem in different areas, such as geometry, algebra, number theory, topology, optimization
and computer science. Most important thing to be noted is that, when we have uncertainty
regarding either the set of vertices or edges, or both, the model becomes a fuzzy graph. The
extension of fuzzy graph theory (Nagoor and Basheer, 2003; Nagoor & Latha,2012;
Bhattacharya,1987) have been developed by several researchers. Intuitionistic fuzzy graphs
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(Nagoor & Shajitha, 2010; Akram, 2012) considered the vertex sets and edge sets as
intuitionistic fuzzy sets. Interval valued fuzzy graphs (Akram & Dudek, 2011; Akram, 2012a)
considered the vertex sets and edge sets as interval valued fuzzy sets. Interval valued
intuitionistic fuzzy graphs (Akram, 2014; Hai-Long et.,2016) considered the vertex sets and
edge sets as interval valued intuitionistic fuzzy sets. Bipolar fuzzy graphs (Akram, 2011, 2013)
considered the vertex sets and edge sets as bipolar fuzzy sets. M-polar fuzzy graphs (Akram,
2016) considered the vertex sets and edge sets as m-polar fuzzy sets. But, when the relations
between nodes (or vertices) in problems are indeterminate, the fuzzy graphs and their extensions
fail. For this purpose, (Smarandache, 2015,2015a,2015b; Vasantha and Smarandache,2013)
defined four main categories of neutrosophic graphs. Two of them are based on literal
indeterminacy (I), which are called I-edge neutrosophic graph and I-vertex neutrosophic graph;
these concepts are studied deeply and gained popularity among the researchers due to their
applications via real world problems (Devadoss et al., 2013, Jiang et al., 2010; Vasantha et al.,
2015) The two others graphs arebased on (t, i, f) components and are called:(t, i, f)-edge
neutrosophic graph and (t, i, f)-vertex neutrosophic graph; these concepts are not developed at
all.

Later on, (Broumi et al., 2016a) introduced a third neutrosophic graph model, and investigated

some of its properties. This model allows the attachment of truth-membership (t),
indeterminacy—membership (i) and falsity- membership degrees (f) both to vertices and edges.
The third neutrosophic graph model is called single valued neutrosophic graph (SVNG for
short). The single valued neutrosophic graph is the generalization of fuzzy graph and
intuitionistic fuzzy graph. Also, the same authors (Broumi et al., 2016a, 2016e) introduced
neighborhood degree of a vertex and closed neighborhood degree of a vertex in single valued
neutrosophic graph as a generalization of neighborhood degree of a vertex and closed
neighborhood degree of a vertex in fuzzy graph and intuitionistic fuzzy graph. Also, (Broumi et
al., 2016b) introduced the concept of interval valued neutrosophic graph as a generalization of
fuzzy graph, intuitionistic fuzzy graph, interval valued fuzzy graph, interval valued
intuitionistic fuzzy graph and single valued neutrosophic graph, and have discussed some of
their properties with proofs and examples. In addition, (Broumi et al., 2016c) have introduced
some operations, such as Cartesian product, composition, union and join on interval valued
neutrosophic graphs, and investigate some their properties. On the other hand, (Broumi et al.,
2016d) discussed a subclass of interval valued neutrosophic graph, called strong interval valued
neutrosophic graph, and introduced some operations such as, Cartesian product, composition
and join of two strong interval valued neutrosophic graph with proofs. Interval valued
neutrosophic soft sets are the generalization of fuzzy soft sets (Maji, 2001), intuitionistic fuzzy
soft sets (Maji, 2001a), interval valued intuitionistic fuzzy soft sets (Jiang, et al., 2010) and
(Maji, 2013). (Thumbakara and George,2014) combined the concept of soft set theory with
graph theory. (Irfan et al, 2016) proposed a method to represent a graph, which is based on
adjacency of vertices and soft set theory and introduced some operations such as restricted
intersection, restricted union, extended intersection and extended union for graphs. In addition,
the authors defined a metric to find distances between graphs represented by soft sets. Later on,
Mobhinta (2015) extended the concept of soft graph to the case of fuzzy soft graph. Also, Akram
et al. (2015) studied more properties on fuzzy soft graphs and some operations. Shahzadi and
Akram (2016) presented different types of new concepts, including intuitionistic fuzzy soft
graphs, complete intuitionistic fuzzy soft graph, strong intuitionistic fuzzy soft graph and self-
complement of intuitionistic fuzzy soft graph. And described various methods of their
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construction, and investigated some of their related properties and discussed the applications of
intuitionistic fuzzy soft graphs in communication network and decision making.

Recently, the notion of neutrosophic soft set has been extended in the graph theory and the
concept of neutrosophic soft graph was provided by (Shah and Hussain, 2016) Later on,
Shahzadi and Akram (2016) have applied the concept of neutrosophic soft sets to graphs and
discussed various methods of construction of neutrosophic soft graphs. In the literature, the
study of interval valued neutrosophic soft graphs (IVNS-graph) is still blank.

In the present paper, interval valued neutrosophic soft sets (Deli, 2015). are employed
to study graphs and give rise to a new class of graphs called interval valued neutrosophic soft
graphs. We have discussed different operations defined on neutrosophic soft graphs such as
Cartesian product, composition, union and join with examples and proofs. The concepts of
strong interval valued neutrosophic soft graphs, complete interval valued neutrosophic soft
graphs and the complement of strong interval valued neutrosophic soft graphs a real so
discussed. Interval valued neutrosophic soft graphs are pictorial representation in which each
vertex and each edge is an element of interval valued neutrosophic soft sets.

This paper is organized as follows. In section 2, we give all the basic definitions related
to interval valued neutrosophic graphs and interval valued neutrosophic soft sets which will be
employed in later sections. In section 3, we introduce certain notions including interval valued
neutrosophic soft graphs, strong interval valued neutrosophic soft graphs, complete interval
valued neutrosophic soft graphs, the complement of strong interval valued neutrosophic soft
graphs, and illustrate these notions by several examples, then we present some operations such
as Cartesian product, composition, intersection, union and join on an interval valued
neutrosophic soft graphs and investigate some of their related properties. In section 4, we
present an application of interval valued neutrosophic soft graphs in decision making.

2. PRELIMINARIES

In this section, we mainly recall some notions related to neutrosophic sets, single valued
neutrosophic sets, interval valued neutrosophic sets, neutrosophic soft sets, interval valued, soft
sets, neutrosophic soft sets, single valued neutrosophic graphs, fuzzy graph, intuitionistic fuzzy
graph, interval valued intuitionistic fuzzy graphs and interval valued neutrosophic graphs,
relevant to the present work. See especially (Mohamed et al, 2014; Nagoor and Basheer, 2003;
Nagoor and Shajitha2010; Molodtsov, 1999; Smarandache, 2006; Wang et al., 2005; Wang et

al., 2010; Deli, 2015; Broumi et al., 2016a, 2016b) for further details and background.

Definition 2.1 (Smarandache, 2006). Let X be a space of points (objects) with generic elements
in X denoted by x; then the neutrosophic set A (NS A) is an object having the form A = {< x:
Ta(X), [a(X), Fo(X)>, X € X}, where the functions T, I, F: X—]70,1"[define respectively the a
truth-membership function, an indeterminacy-membership function, and a falsity-membership
function of the element x € X to the set A, with the condition:

0 Ta(®)+ [a()+ Fa(x)< 3™ 1)

The functions T, (x), [4(x) and F (x) are real standard or nonstandard subsets of ] 70,17].

Since it is difficult to apply NSs to practical problems, (Wang et al., 2010). introduced
the concept of a SVNS, which is an instance of a NS and can be used in real scientific and
engineering applications.
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Definition 2.2 (Wang et al., 2010). Let Xbe a space of points (objects) with generic elements
in X denoted by x. A single valued neutrosophic set A (SVNS A) is characterized by truth-
membership function T,(x), an indeterminacy-membership function I,(x), and a falsity-
membership function F, (x). For each point x in XT, (%), [5(x), Fao(x) € [0, 1]. ASVNS A can
be written as

A= {< X TA(X), IA(X), FA(X)>, X € X} (2)

Definition2.3 (Nagoor and Basheer, 2003)A fuzzy graph is a pair of functions G = (o, u) where
o is a fuzzy subset of a non-empty set V anduis a symmetric fuzzy relation on c.i.ec : V — |
0,1] and p:VxV—[0,1] such thatp(uv) < o(u) A o(v)for all u, v € V, where uv denotes the edge
between u and v and o(u) A o(v) denotes the minimum of o(u) and o(v). o is called the fuzzy
vertex set of V andy is called the fuz“(') 1“‘7e set of E.

0.3
E 0.1 H
0.3
= ]
c c
0.1 0.2

0.4

Fig.1:FuzzyGraph

Definition2.4 (Nagoor and Basheer, 2003) The fuzzy subgraph H = (1, p) is called a fuzzy
subgraph of G = (o, n)
If 1(u) < o(u) forall u € V and p(u, v) <u(u, v)forall u, v € V.

Definition2.5 (Nagoor and Shajitha2010) An Intuitionistic fuzzy graph is of the form G = (V,E)
where:

I V={v,,vy,....,v, } such that u,:V— [0,1] andy,:V— [0,1] denote the degree of
membership and non-membership of the elementv; € V, respectively, and 0 <
Uy (Vi) +y1(vy))< 1for everyv; € V,(i=1, 2,....... n,

ii. EC VXV  whereu,:VxV-[0,1]andy,:VxV— [0,1] are such that u,(v;,
vi)<min[u, (vi),puq(vj)land yo(vi, vj)=max[y1(vi),y1(vpland 0 <u,(vi, vj)+y2(vi,
vj)< 1 for every(v;, vj) €E,(i,j =1,2,....... n)

v1(0.1,0.4) (0104 1,(03,0.3)
Q (0.3,0.6) g
al b
e S
V,4(0.4,0.6) V3(0.2,0.4)
(0.1,0.6)

Fig.2: Intuitionistic Fuzzy Graph
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Definition 2.6 (Broumi et al., 2016a).Let A = (T,,l4, F,) and B = (Tg,I, Fg)be single valued
neutrosophic sets on a set X. If A = (Ty,l4, F,) is a single valued neutrosophic relation on a set
X, then A =(Ty,1,, F,) is called a single valued neutrosophic relation on B = (Tg,I5, Fg) if

Tg(x, y) < min(T4 (), Ta(Y))
Ig(x, y) = max(I5(x),Ia(y)) and
Fp(X, y) > max(FpX),FA(y)) for all x, y € X.

A single valued neutrosophic relation A on X is called symmetric if T4(X, y) = T4(y, X),

IA(X! y) = IA(y! X)! FA(X! y) = FA(y! X) and TB(X! y) = TB(y! X)! IB(X! y) = IB(y’ X) and FB(X! y) =
Fx(y, X), for all x, y €X.

Definition 2.7 (Broumi et al., 2016a). A single valued neutrosophic graph (SVN-graph) with
underlying set V is defined to be a pair G= (A, B) where:
1.The functions T,:V-[0, 1], I4:V-[0, 1] and F,:V—[0, 1] denote the degree of truth-
membership, degree of indeterminacy-membership and falsity-membership of the element v; €
V, respectively,and

0< TA(vi) + IA(vi) +FA(vi) <3 for a”vi EV (izl, 2, ...,n)
2. The functionsTgz: ES V XV =[0, 1],Iz:E €V XV —=[0, 1] and Fz: ES V xV —[0, 1] are
defined by

Tg({vi, v;}) <min [T,(vy), Ta(v))],

Ig({vi, v;}) = max [I,(vi), 1a(v;)], and

Fp({vi, v;}) Zmax [F4(vy), Fa(v))],
Denoting the degree of truth-membership, indeterminacy-membership and falsity-membership
of the edge (v;,v;) € E respectively, where:

0< TB({vi! 17]}) + IB({Ui, Uj})'l' FB({Ui, U]}) <3for all{vi,vj} €E (1,_] =1, 2,..., Il)

We call A the single valued neutrosophic vertex set of V, B the single valued

neutrosophic edge set of E, respectively. Note that B is a symmetric single valued neutrosophic
relation on A. We use the notation (v;, v;) for an element of E. Thus, G = (A, B) is a single
valued neutrosophic graph of G*= (V, E) if:

Tg(v;, vy) <min [T,(v;), Ta(v))],

Ig(v;, v;) = max [I4(v;), 14(v;)] and

Fg (v, v;) = max [F4(v;), Fu(vy)], forall(v;, v;) € E.

0.5,0.1,0.4
( ) (0.6,0.3,0.2)
(0.5, 0.4,0.5)
@ =
S =1
™ o
o o
< o
= e
(0.2,0.4,0.5)
(0.4,0.2,0.5) (0.2,0.3,0.4)

Fig.3: Single valued neutrosophic graph

Definition 2.9 (Broumi et al., 2016a).A partial SVN-subgraph of SVN-graph G= (A, B)is a
SVN-graph H=(V',E")such that
(i) V' SV, whereT (v;) < To(w). I (v;) = 1,(v;),F (v;) = Fu(v;),forallv; € V.
(i)  E' < E,where Tp(v;,v)) < Tp(vy, v))dp;j = Ip(v;,v), Fg(v;,v)) =
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FB(vi, v]'),for all (v,v]) EE.

Definition 2.10 (Broumi et al., 2016a). ASVN-subgraph of SVN-graph G= (V, E)is a SVN-
graph H=(V',E")such that
(|) V' = v, WherET;q(vl) = TA(vi),I;l(vi) = IA(vi),F:q(v,-) = FA(v,-)fOI’ a”viin the
vertex set ofV'.
(ll) E' = E, WhereTi;(v,-,v]-) = TB(vi, v]-),I};(vi, v]) = IB(v,-, v]-),Fé;(v,-, v]) =
Fg(v;, vj)for every (v;v;) € E in the edge set ofE".

Definition 2.10 (Broumi et al., 2016a). Let G= (A, B) be a single valued neutrosophic graph.
Then the degree of any vertex v is sum of degree of truth-membership, sum of degree of
indeterminacy-membership and sum of degree of falsity-membership of all those edges which
are incident on vertex v denoted by d(v)= (dr(v), d;(v),dr(v)) where:

dr(v)=Y,=v T (u, v) denotesdegree of truth-membership vertex.
d;(v)=X.,=v Ig(u, v) denotes degree of indeterminacy-membership vertex.
dr(v)=Yu+» Fg(u, v) denotes degree of falsity-membership vertex.

Definition 2.11(Broumi et al., 2016a). A single valued neutrosophic graph G = (A, B) of G*=
(V, E) is calledstrong single valued neutrosophic graph if:

Tg (v, vj) =min [T, (v;),T,(v))]
Ig (v, vj) =max [I4 (v;),14(v))]
FB(vi, v]) =maxX [FA(vi), FA(vj)], for all (vi, vj) eE.

Definition 2.12(Broumi et al., 2016a). A single valued neutrosophic graph G= (A, B) is called
complete if

Tg(vy, v;) =min [Ty (v;), T (v))]
Ig(vi, v;) =max [I(v;),14(vj)]
FB(vi! U]) =Mmax [FA(UL')! FA(U]‘)], for all vy, V) e V.

Definition 2.13(Broumi et al., 2016a) The complement of a single valued neutrosophic graph G
(A, B) onG* is a single valued neutrosophic graph G on G* where:

1A=A

2T ()= Ta(w) 4 ()= Ly(v) Fa(vy) = Fx(vy), forall v; € V.
3.T5(v;, vj)=min [T4(v;), Ta(v))]-Ts(vi, v})

Iz (v;,v))=max [I,(v,), I,(v})]-I5(v;, v;) and

Fg(v;, v;)= max [FA(vl-),FA(vj)]-FB(vl-,vj),for all (v;,v;) €E.
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Definition 2.14 (Mohamed et al, 2014). An interval valued intuitionistic fuzzy graph with
underlying set V is defined to be a pair G= (A, B) where

1)The functions M, : V- D [0, 1]Jand N, : V- D [0, 1] denote the degree of membership and
non-membership of the element x € V, respectively, such that 0 such thatO<M,(X)+ N4(X) < 1
forall x e V.

2) The functions Mgz :ECV XV - DJ0,1]Jand Ny : :ES V xV - D [0, 1] are defined by
Mg, (x,y))<min (M4 (x), M4, (¥)) and N, (x,y)) =max (Ny.(x), Nap(¥))

Mgy (x, y))<min (Myy (x), May(y)) and Ngy (x,y)) =max (Nay (x), Nay (1)),

such that
0<Mpgy(x,¥))*+ Ngy(x,y)) <1 forall (x,y) € E.

Définition 2.15 (Broumi et al., 2016b). By an interval-valued neutrosophic graph of a graph G*
= (V, E) we mean a pair G = (A,B), where A =< [Tay,, Taul, [Iar: lauls [FaL, Fauyl> is an
interval-valued neutrosophic seton V and B =<[Tgy,, Tgul, [IsL, Igu], [FgL, Fgy]> is an interval-
valued neutrosophic relation on E satisfies the following condition:

1. V={v;,v,,...,u}suchthat T,;:V-[0, 1],T,y:V-I0, 1], I, :V-[0, 1],1,,:V-[0, 1]and
F . 'V-[0, 1],F4y:V—[0, 1] denote the degree of truth-membership, the degree
ofindeterminacy- membership and falsity-membership of the element y e V,
respectively,and0< T, (v;) + I,(v;) +F4(v;) <3 forallv; € V (i=1, 2, ...,n).

2. The functionsTy;:V x V =[0, 1],Ty:V x V =[0, 11,15.:V x V =[0, 1],I5,:V x V =[0, 1]and
Fgi:V xV —=[0,1],Fgy:V x V =[0, 1] are such that:

Tp({v;, v;}) <min [Ty, (vy), Tar (v))]
Tey ({v, v;}) <min [Tay (v)), Tau (v))]
I, ({v,, v;}) Zmax[lp, (v;), Ipy(v))]
Igy({v,, v;}) Zmax[ipy (v;), Ipy (v))]
Fp,({v;, v;}) =max[Fg, (v;), Fp, (v))]
Fgy({v,, v;}) Zmax[Fpy (v), Fpy (v))],

Denoting the degree of truth-membership, indeterminacy-membership and falsity-membership
of the edge (v;,v;) € E respectively, where

0< Tp({vs, v} + I (w3, v; D+ F ({vy, v;}) <3forall{v;, v;} €E (i,j=1,2,.,n).

they call A the interval valued neutrosophic vertex set of V, B the interval valued
neutrosophic edge set of E, respectively, Note that B is a symmetric interval valued
neutrosophic relation on A. We use the notation (v;, v;) for an element of E Thus, G = (A, B)
is an interval valued neutrosophic graph of G*= (V, E) if

Tgr (v, vj) <min [Ty, (v;), T (v))]
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Ty (vi, vj) <min [Ty (vy), Tay (vj)]
Ig, (vi, vj) =max([lg;, (v;), I, (v))]

Igy (vi, vj) =max[lgy (v;), Igy (v;)]JANd
Fgr (vi, v;) =max[Fg., (v;), Fpr(v))]

FBU(vi' v]) ZmaX[FBU(Ui), FBU(vj)],fOI’ a”(vi,vj) € E.

<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]>
<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]>

<[0.1, 0.21, 0.3, 0.41,[0.4, 0.5]>

<[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> <[0.1, 0.31, 0.4, 0.51,[0.4, 0.5]>

<[0.1, 0.31,[ 0.2, 0.4],[0.3, 0.51>
Fig. 4: G: Interval valued neutrosophic graph.

Definition 2.16 (Molodtsov, 1999). 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).

As an illustration, let us consider the following example.

Example 2.Suppose that U is the set of houses under consideration, say U = {h4, h,. . .,hs}.
Let E be the set of some attributes of such houses, say E = {eq, e,, . . ., es}, Where e, e,, . . .,

9 13 299 13

es stand for the attributes “beautiful”, “costly”, “in the green surroundings’”, “moderate”,
respectively.

In this case, to define a soft set means to point out expensive houses, beautiful houses,
and so on. For example, the soft set (K, A) that describes the “attractiveness of the houses” in
the opinion of a buyer, say Thomas, may be defined like this:

A:{el1 €2,€3, 84’65};
K(el) = {hZI h31 hS}! K(eZ) = {hZ! h4-}1 K(€3) = {hl}v K(e4-) = U! K(GS) = {h3, hS}

Definition 2.17 (Wang et al., 2005).Let IVNS(X) denote the family of all the interval valued
neutrosophic sets in universe X, assume A, B € IVNS(X) such that
A = {(x [TA(0, TE )], [T, IR0, [FX (0, FA GO ): x € X}
B = {(x [TE(), T ], [15(0, 1§ ], [F5 (0, F§ 0 ]): x € X}
then some operations can be defined as follows:
(1) AuB = {(x [max{Ty(x), T§(x)}, max{T} (x), T§ (x)}],
[min{1; (), 150}, min{I{ (x), 1§ (0}, [min{F (x), F(x)}, min{F{ (x), F§ ()}]): x
€ X};
(2) AnB = {{x [min{Ty(x), T§(x)}, min{T} (x), TY )},
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[max{I; (%), I5(x)}, max{I§ (x), I§ () }], [max{F3 (x), F§ ()}, max{F} (x), F§ (x)}]): x
€ X};
(3) A° = {{x [FX(), FA®] [1 = 1), 1 = 150, [Te (), TE (0] ): x € X};
(4) ACB,iff TY(x) < TEX), T (x) < Ty (%),1k(x) > 15(x), I¥(x) = I§(x) and Fk(x) =
FL(x), FR(x) = F§(x) forall x € X.

A = B, iff A € Band B CA.
As an illustration, let us consider the following example.

Example 2.18.Assume that the universe of discourse U= {x;, X5, X3, X, }. Then, A is an interval
valued neutrosophic set (IVNS) of U such that:

A = {<x,,[0.1, 0.8], [0.2, 0.6], [0.8, 0.9] >, <x,, [0.2, 0.5], [0.3, 0.5], [0.6, 0.8]>,
<xs, [0.5, 0.8], [0.4, 0.5], [0.5, 0.6] >, <x,, [0.1, 0.4], [0.1, 0.5], [0.4, 0.8] >}.

Definition 2.19 (Deli et al., 2015).Let U be an initial universe set and A c E be a set of
parameters. Let IVNS (U) denote the set of all interval valued neutrosophic subsets of U. The
collection (K, A) is termed to be the soft interval valued neutrosophic set over U, where K is a
mapping given by K: A — IVNS(U).

The interval valued neutrosophic soft set defined over a universe is denoted by INSS.

Here,

1. Yisan ivn-soft subset of W, denoted by Y € W, if K(e) SL(e) for all e€E.

Y is an ivn-soft equals toW¥, denoted by Y = W, if K(e)=L(e) for all e€E.
The complement of Y is denoted by Y, and is defined by Y= {(x, K° (x)): XxEE}
The union of Y and W is denoted by Y U" W, if K(e) UL(e) for all e€E.
The intersection of Yand ¥ is denoted by Y n" W,if K(e) UL(e) for all e€E.

arwn

To illustrate let us consider the following example:

Let U be the set of houses under consideration and E is the set of parameters (or
qualities). Each parameter is an interval valued neutrosophic word or sentence involving
interval valued neutrosophic words. Consider E= {beautiful, costly, in the green surroundings,
moderate, expensive}. In this case, to define an interval valued neutrosophic soft set means to
point out beautiful houses, costly houses, and so on.

Suppose that there are five houses in the universe U, given by U = {h,h,,h3,h,,hs} and
the set of parameters A = {e;,e,,e3,e,}, Where eache;is a specific criterion for houses:

e, stands for ‘beautiful’,

e, stands for ‘costly’,

e; stands for ‘in the green surroundings’,
e, stands for ‘moderate’.

Suppose that,

K (beautiful)={<h,,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,<h,,[0.4, 0.5], [0.7 ,0.8], [0.2, 0.3] >,
<h3,[0.6, 0.7],[0.2 ,0.3],[0.3, 0.5] >,<h,,[0.7 ,0.8],[0.3, 0.4],[0.2, 0.4] >,<h5,[ 0.8, 0.4] ,[0.2
0.6],[0.3, 0.4] >}.

K(costly)={<h,,[0.5, 0.6], [0.3, 0.7], [0.1, 0.4]>,<h,,[0.3, 0.5], [0.6 ,0.8], [0.1, 0.3] >, <h4,[0.3,
0.5],[0.2 ,0.6],[0.3, 0.4] >,<h,,[0.2 ,0.5],[0.1, 0.2],[0.2, 0.4] >,<hs,[ 0.2, 0.4] ,[0.1 ,0.5],[0.1,

226



New Trends in Neutrosophic Theory and Applications. Volume II

0.4] >}

K(in the green surroundings)= {<h,,[0.5, 0.6], [0.6, 0.7], [0.3, 0.4]>,<h,,[0.4, 0.5], [0.7 ,0.8],
[0.2, 0.5]>, <hs4,[0.2, 0.4],[0.2 ,0.3],[0.3, 0.5]>,<h,,[0.7 ,0.8],[0.3, 0.4],[0.2, 0.4] >,<hs,[ 0.8,
0.4] ,[0.2,0.6],[0.2, 0.3] >},

K(moderate)={<h,,[0.1, 0.6], [0.6, 0.7], [0.3, 0.4]><h,,[0.2, 0.5], [0.4,0.8], [0.2, 0.4] >,
<hs,[0.3, 0.7],[0.2 ,0.4],[0.2, 0.5] ><h,,[0.7 ,0.8],[0.3, 0.4],[0.1, 0.2] >,<hs,[ 0.3, 0.4]
,[0.2,0.6],[0.1, 0.2] >}.

3. INTERVAL VALUED NEUTROSOPHIC SOFT GRAPHS

Let U be an initial universe and P the set of all parameters, P(U) denoting the set of all interval
neutrosophic sets of U. Let A be a subset of P. A pair (K, A) is called an interval valued
neutrosophic soft set over U. Let P(V) denote the set of all interval valued neutrosophic sets of
V and P(E) denote the set of all interval valued neutrosophic sets of E.

Definition3.1 An interval valued neutrosophics of the graph G=(G*,K, M,A) is a 4-tuple
such that

a) G*=(V,E)isasimple graph,

b) A is a nonempty set of parameters,

c) (K, A) isan interval valued neutrosophic soft set over V,
d) (M, A) is an interval valued neutrosophic over E,

e) (K(e), M(e)) is an interval valued neutrosophic (sub)graph of G*for all e€A.
That is,
Tty (xy) <MIN [Tk (%), iy N1, Thigey (X¥) < Min [T (%), iy )],
Ity (xy) Zmax [T (%), Ty O], Iy (xy) = max [Ty, (%), Ty )]
anszLW(e)(XY) =max [Ff((e)(x), Ff((e)(Y)], F%I(e) (xy) = max [T%(e)(x)’ Tllé(e)(}’)],

such that
0< Ty (xy) + Ingey(xy)+ F(xy) <3 forallee Aand x,y € V.

The interval valued neutrosophic graph (K(e), M (e)) is denoted by H(e) for convenience. An
interval valued neutrosophic graph is a parametrized family of interval valued neutrosophic graphs. The
class of all interval valued neutrosophic soft graphs of G* is denoted by IVN(G ™). Note that

Tircey V)= Thiey (e¥) =ligey (e¥)= Iy (xy) = 0 @and Fly ) (xy)= Fiyey (xy) = 0 for
allxye V—E, e & A.

Definition 3.2Let G,=(K,, M,, A) and G,=(K,, M,, B) be two interval valued neutrosophic
graphs of G*. Then G is an interval valued neutrosophic soft subgraph of G, if

(i) AcB

(i1) H,(e) is a partial subgraph of H,(e) for all e € A.

Example 3.3.Consider a simple graphG*=(V, E) such that V={v,, v,,v3} and E={v;v,,
VyVs3,U3V; }

Let A= {e;, e, } be a set of parameter and let(K, A)bean interval valued neutrosophic
soft set over V with its interval valued neutrosophic approximate function K : A =P(V) defined

by
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K (e)={v,]([0.3, 0.5],[0.2, 0.3], [0.3, 0.4]), v,|([0.2, 0.3], [0.2, 0.3], [0.1, 0.4]),
v5(([0.1, 0.3], [0.2, 0.4], [0.3, 0.5])},

K(e5)={v,([0.1, 0.4], [0.1, 0.3], [0.2, 0.3]), v,|([0.1, 0.3], [0.1, 0.2], [0.1, 0.4]),
v5/([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}

Let (M, A)be an interval valued neutrosophic soft set over E with its interval valued
neutrosophic approximate functionM : A —P(E) defined by

M(ey)={v,v,|([0.1, 0.2], [0.3, 0.4], [0.4, 0.5]), v,v5|([0.1, 0.3], [0.4, 0.5], [0.4,
0.5]),vsv; |([0.1, 0.2], [0.3, 0.5], [0.5, 0.6])},

M(e,)= {v,v,|([0.1, 0.2], [0.2, 0.3], [0.3, 0.4]), v, v5|([0.1, 0.2], [0.3, 0.4], [0.2,
0.5]),, vsv; [([0.1, 0.2], [0.2, 0.4], [0.3, 0.5])}.

Thus, H(e,)=( K(e,), M(e,)), H(e;)=( K(e,), M(e,)) are interval valued neutrosophic
graphs corresponding to the parameters e;and e, as shown below.

H(eq)

<[0.2, 0.31,1 0.2, 0.31,[0.1, 0.4]>
<[0.3, 0.51,[ 0.2, 0.31,[0.3, 0.4]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

<[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> <[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]>

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

<[0.1, 0.3],[ 0.1, 0.2],[0.1, 0.4]>
<[0.1, 0.4],[ 0.1, 0.31,[0.2, 0.3]>

<[0.1,0.2],[ 0.2, 0.31,[0.3, 0.4]>

<[0.1, 0.2],[ 0.2, 04],[0.3, 0.5]> <[0.1, 0.2], 0.3, 0.41,[0.2, 0.5]>

H(e,)

<[0.1, 0.2],[ 0.2, 0.31,[0.2, 0.5]>

Fig. 3.1:Interval valued neutrosophic soft graph G={H(e,), H(e,)}.
Hence G={ H(e,), H(e,)} is an interval valued neutrosophic soft graph of G*.

Tabular representation of an interval valued neutrosophic soft graph is given in Table
below.

Table 1: Tabular representation of an interval valued neutrosophic soft graph.

K vy v, V3
e; <[0.3,0.5],[0.2, 0.3][0.3, 0.4]> <[0.2,0.3],[0.2, 0.3][0.1, 0.4]> <[0.1,0.3],[0.2, 0.4][0.3, 0.5]>
e, <[0.1,0.4],[0.1, 0.3][0.2, 0.3]> <[0.1,0.3],[0.1, 0.2][0.1, 0.4]> <[0.1,0.2],[0.2, 0.3][0.2, 0.5]>
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M (vy, v5) (v2, v3) (vy, v3)
e; <[0.1,0.2],[0.3, 0.4][0.4, 0.5]> <[0.1,0.3],[0.4, 0.5][0.4, 0.5]> <[0.1,0.2],[0.3, 0.5][0.4, 0.6]>
e, <[0.1,0.2],[0.2, 0.3][0.3, 0.4]> <[0.1,0.2],[0.3, 0.4][0.2, 0.5]> <[0.1,0.2],[0.2, 0.4][0.3, 0.5]>

Definition 3.4Let G,=(K;, M, A) and G,=(K,, M,, B) be two interval valued neutrosophic
graphs of G; = (V;, E;) andG; = (V,, E,) respectively. The Cartesian product of two
graphsG,and G, is an interval valued neutrosophic soft graph G= G, %G, = (K,M, AxB), where
(K=K, xK,, AxB) is an interval valued neutrosophic soft set over V=V, xV,, (M=M;xM,, AXB) is
an interval valued neutrosophic soft set over E= {(x, x,) (x, y,) Ix € V;, x,y, € E»} U{(x;1,2)
(v1,2) 1z € V,, x,y, € E;}and(K, M, AxB) are interval valued neutrosophic soft graphs such

that:

1)

2)

3)

(Tk, @) X Tiymy) (1, X2) = MiN (T, (o) (1), Tk, iy (%2))
(TR, @) X Tiywy) (X1, X2) = Min (T, (o) (1), T, 5y (X2))
(I%(l(a) X Ilkz(b)) (1, x2) = max (Ifq(a) (x1), I%{z(b) (x2))
Ik, @) X Tiyry) (X1, %2) = Max (I, ) (1), Tig, by (X2))
(Fi, @) X Fiymy) (X1, X2) = Max (Fi, oy (%1), Fi, ) (%2))

(Fllél(a) X Fll(l’z(b)) (x1, x2) = max (Fllffl(a) (x1), Flléz(b)(xz)) forall (xq, x;) € AxB

(Tszl(a) X Tle(b)) ((x, x2)(x, ¥2)) = min (T%(l(a) (%), TILVIZ(b) (x%2Y2))

(Tzl\{tl(a) X Tll\l/lz(b)) ((x, x2)(x, ¥2)) = min (Tllél(a) (%), Tzl\]42(b) (x%2Y2))

i1, ) X Thayy) (60 %2)(x, ¥2)) =mMax (T, ) (%), Tz, 0y (X2Y2))

(111\{11(11) X Ill\l/lz(b)) ((x, x2)(x, y7)) = max (1%1(11) (%), Illl{IZ(b) (x%2Y2))

(Fit, @ X i) (%, x2) (x, y2)) = max (Fi, ) (%), Fig, ) (X2Y2))

(Fit, o) X Finy) (%, %2)(x, ¥2)) = Max(Fig, oy (%), Fig, ) (X252)) V X € V3
and Vx,y, € E,

(TIL\/Il(a) X Tle(b)) ((x1, 2) (y1, z)) =min (TlMl(a) (X1Y1) T%(z(b) (2))

(T, @) X Tinyy) (1, 2) (1, 2)) = Min (Thy, oy (X11), Tk, ) (2))

(It @) X Tiny) ((21,2) (071, 2)) = Max (g, oy (213 T, 5y (2))

(I, @) X Iy ) ((%1,2) (v1,2)) = Max (I, oy (X1.01)s T, ) (2))

(Fit, @) X Fityi)((x1,2) (1, 2)) = max (Fiy, o) (%11), Fi, 5(2))

(Fll(/ll(a) X FII(/IZ(b)) ((x1,2) (y1, 2)) = max (quvzl(a) (X1Y1), F%Z(b) (z)VzZe,
and Vx,y; € E;

H(a, b) = H;(a) x H,(b) for all ( a, b) € AxB are interval valued neutrosophic graphs

of G.

Example 3.5.Let A= {e,, e,} and B= {e3, e,} be a set ofparameters. Consider two interval
valued neutrosophic soft graphs G,;=(H,, A) ={H(ey), H(ey)}and G,=(H,, B)
{H(e3), H(e,)}such that
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H, (e1)=({w,]([0.3, 0.5], [0.2, 0.3], [0.3, 0.4]), u,|([0.6, 0.7], [0.2, 0.4], [0.1, 0.3])},
{w,1,)([0.3, 0.6], [0.2, 0.4], [0.2, 0.5])}).

H, (e5)=({u([0.3, 0.5], [0.2, 0.3], [0.3, 0.4]), u,|([0.2, 0.3], [0.2, 0.3], [0.1, 0.4]),
u5)([0.1, 0.3], [0.2, 0.4], [0.3, 0.5])}, {u,u,|([0.1, 0.2], [0.3, 0.4], [0.4, 0.5]),
u,u5|([0.1, 0.3], [0.4, 0.5], [0.4, 0.5]), usu, |([0.1, 0.2], [0.3, 0.5], [0.5, 0.6])}).

H,(es)=({v,]([0.4, 0.6], [0.2, 0.3], [0.1, 0.3]), v,|([0.4, 0.7], [0.2, 0.4], [0.1, 0.3])},
{v,v,([0.3, 0.5], [0.4, 0.5], [0.3, 0.5])}).

Hy(e,)=({v,|([0.1, 0.4], [0.1, 0.3], [0.2, 0.3]), v,|([0.1, 0.3], [0.1, 0.2], [0.1, 0.4]),
v5[([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}, {v,v,|([0.1, 0.2], [0.2, 0.3], [0.3, 0.4]),
v,v5/([0.1, 0.2], [0.3, 0.4], [0.2, 0.5]),v5v, |([0.1, 0.2], [0.2, 0.4], [0.3, 0.5])})

<[0.3, 0.6],[ 0.2, 0.41,[0.2, 0.4]>

Uy U,
H,(e;) <[0.6,0.71,1 0.2, 0.41,[0.1, 0.3]>
<[0.5, 0.71,[ 0.2, 0.3],[0.1, 0.3]> -0, 0. 71,1 0.2, 0.4L10.4, O
<[0.2,0.31,[ 0.2, 0.31,[0.1, 0.4]>
<[0.3, 0.5],[ 0.2, 0.31,[0.3, 0.4]>
<[0.1, 0.2],[ 0.3, 0.41,[0.4, 0.5]>
<[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> <[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]>
H,(ey)
<[0.1, 0.31,[ 0.2, 0.41,[0.3, 0.5]>
<[0.1,0.31,[ 0.1, 0.21,[0.1, 0.4]>
<[0.1, 0.41,1 0.1, 0.31,[0.2, 0.31>
<[0.1, 0.21, 0.2, 0.31,[0.3, 0.4]>
Hy(es)
<[0.1, 0.2],[ 0.2, 0.4],[0.3, 0.5]> <[0.1, 0.21,[ 0.3, 0.41,[0.2, 0.51>
H, (94) <[0.1, 0.21,[ 0.2, 0.3],[0.2, 0.5]>

Fig. 3.2: Interval valued neutrosophic soft graph 6,= {H,(e,),H,(e,)} and G,=
{H;(e3),Hz(e4)}

The Cartesian product ofG; and G, is G, xG, = (H,AxB), where AxB= {(eq, €3), (€1, €4), (€2,

e3), (ez, es)}, H(eq, e3) = Hy(ey) xHy(e3), H(eq, e4) = Hy(e1) xHy(es), H(ez, e3) = Hy(e;) x
H,(e3) and H(e,, e,) = H,(e,) xH,(e,) are interval valued neutrosophic graphs of G = G, xG,.

H(el, 63) = Hl(el) XH2(63) IS ShOWﬂ in Flg 3.3.
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<[4, 6], [.2,.3], [.L, <[4, 6], [.2, 4] [.L, .3]>
<(uyvy,uyvy), [3,.6], [2, 4], [2, .4]>
111) qu

<(uyvy,uyvy), [.3,.5], [4, .5], [3, .51>
<(uzvy,uyvy), [.3, 5], [4, ..5], [.3, .5]>

<(uyvy,uyvy), [3,.6], [2, 4], [2, .4]>
<[4,.7], [.2, 4], [.1, .3]> <[.4,.7],[.2, 4], [1, .3]>

Fig. 3.3: Cartesian product

In the similar way, Cartesian product of H(e;, e,) = Hy(e1) xHy(es), H(e,, e3) = Hi(ey) x

H,(e3) and H(e,, e,) = H,(e;) xH,(e,) can be drawn.

Hence G =G, xG,={H(e4, e3), H(ey, e4), H(e,, e3), H(e,, e,)} is an interval valued neutrosophic
soft graph.

Theorem 3.6. The Cartesian product of two interval valued neutrosophic soft graph is an
interval valued neutrosophic soft graph.

Proof. Let G,=(K;, M4, A) and G,=(K,, M,, B) be two interval valued neutrosophic graphs of
Gi{ =V, Ey) and Gf = (V,, E,) respectively. Let G= G, xG, = (K,M, AxB) be the Cartesian product
of two graphsG;and G,. We claim that G= G, xG, = (K,M, AxB)is an interval valued neutrosophic
soft graph G= G, xG, = (K,M, AxB), where (K=K, xK,, AxB) is an interval valued neutrosophic soft
graph and (H, AxB) = { (K;xK5) (a;, b;), (M;xM,)(a;, bj)} for all a; € Ab; € B fori=1,2,..., m,

j=1, 2,...,n are interval valued neutrosophic graphs of G.

Consider, (x, x,) (x, y,) € E, we have

Thagby (6, %2)(x, ¥2)) = Min (T, @0p (%), Thppp(*2y2)), for i= 1, 2,..., m, j= 1,
2,....n

<min {T%(l(ai) (%), min{T%(Z(bj) (xz),T%(Z(bj) (72)}}
= min {min{T%, () (x)1T%(2(bj) (x2)}, min{T%Q(ai)(x)’T%(Z(bj)(}’z)}}

Tﬁxz(ai,bj) ((x, x2)(x, ¥2)) <min{( Tk, (o ¥ T%Q(bj)) (% x2), ( Tk, ap X T%Q(bj)) (X,
yy)fori=1,2,...,m,j=1,2,...n

Similarly, we prove that
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Tf(/z(ai,bj) ((x, x2)(x, ¥2)) <min{( Tk, (q) X T%Z(bj)) (% %2), ( Tiya) X Tll{’z(bj)) (X,

yy)fori=1,2,...,m,j=1, 2,...n.

Iﬁxz(ai,bj) ((x, x2)(x, ¥2)) = max (I, (q) (%), I&Z(bj)(xzh))a fori= 1, 2,..., m, j= 1,
2,...n

=Mmax {If(l(ai) (%), maX{I%(Z(bj) (xz),lifz(bj)(h)}}
= max {max{lfq(ai) (x),lkz(bj) (x2)}, max{lﬁl(ai)(X)J%(Z(bj)(h)}}

Iﬁxz(ai,bj) ((x, x2)(x, 7)) =max {( Ik, ) ¥ I%(Z(bj)) (% x2), ( Tiyay X I%Q(bj)) (X,

yy)fori=1,2,...,m,j=1,2,....n

Similarly, we prove that

If\j/l(ai,bj) ((x, x2)(x, 7)) =max {( Ig, ) ¥ I%Z(b,)) (% x2), ( Tiyay X Illéz(bj)) (x,
yy)fori=1,2,...,m,j=1,2,....n

Fﬁ/[(ai,bj) ((X, XZ)(xv yZ)) = max (F%Q(ai)(x)i FILVIZ(bj)(XZyZ))’ for i= 19 29"'3 m, j: 1:
2,....n

> max {Fk, () (x), max {Flkz(bj) (xz)ing(bj)(YZ)}}
= max{ max {Fifl(ai)(x)fi’z(bj) (x2)}, max {Flkl(ai)(x)!Flkz(bj) (v2)}}

FJL\/I(ai,bj) ((x, x2)(x, ¥2)) = max {( F%Q(ai) X F%(Z(bj)) (X, x2), ( F%{l(ai) X F%(Z(bj)) (X
yy)fori=1,2,...,m,j=1,2,...,n

Similarly, we prove that

Ff\]/I(ai,bj) ((x, x2)(x, ¥2)) = max {( Fg, 4 X F%z(bj)) (% x2), ( Fi,(ap X leéz(bj)) (x,

yy)fori=1,2,....m j=1,2,....,n

Similarly, for (x1,2) (y1, z)€ E, we have
TIL\/I(ai,bj)((xh z) (y1, z)) <min{( lel(ai) X T%(Z(bj)) (1, 2), ( Tk, (ap X T%(Z(bj)) V1, 2),
TIU\/I(ai,bj)((xh z) (y1, z)) <min{( T1U<1(ai) X T%Z(bj)) (x1, 2), (Tllél(ai) X Tlléz(bj)) V1, 2),
IIL\/I(ai,bl-)((xl’ z) (y1, z)) = max {( I%q(ai) X Ikz(bj)) (x1, 2), (Ifq(ai) X If(z(bj)) 1, 2),
IIU\/I(al-,bj)((xl’ z) (y1, 2)) = max {( 1%1((1{) X I%Z(bj)) (x1, 2), (1%1(@-) X I%Z(bj)) (v1, 2),

Fﬁ/l(ai,bj)((xh z) (y1, 2)) = max {( Fi, ;) X F%(Z(b,-)) (x1, 2), ( Fiyay X F%(Z(b]-)) 1,

z),

Fll\jl(ai,bj)((xh z) (y1, 2)) = max {( Fg, ;) X F%Z(bj)) (x1, 2), ( Figyay X FIU(Z(b]-)) 1,
z)fori=1,2,...,m,j=1,2,....n

Hence G = (K, M, AxB) is an interval valued neutrosophic soft graph.
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Definition 3.7Let G;=(K;, M4, A) and G,=(K,, M,, B) be two interval valued neutrosophic
graphs of G; = (V;, E;) and G; = (V,, E,) respectively. The strong product of two graphsG,and G, is

an interval valued neutrosophic soft graph G= G¢; ® G, = (K,M, AxB), where (K=K, xK,, AxB) is an
interval valued neutrosophic soft set over V=V, xV,, (M, AxB) is an interval valued neutrosophic soft

setover E= {(x, x;) (x, y2) Ix € Vy, x,y, € E;} U{(x1,2) (y1, 2) Iz € V3, x1y1 € E1} U{(x1,%2) (V1,Y2)
Ix1y, € Eq, x5y, € E,} and(K, M, AxB) are interval valued neutrosophic soft graphs such that:

1) (T%{l(a) X T%(Z(b)) (%1, x2) = min (T%Q(a) (x1), T%(Z(b) (x2))
(TR, @ X Tiyy) (1, X2) = MiN (T, (o) (x1), T, 5y (%2))
Ik, @) X Tieyvy) (X1, %2) = MaX (I, gy (1), Tiey by (X2))
(11[{'1((1) X Ill{'z(b)) (%1, x2) = max (Ill{'l(a) (x1), Iﬁz(b) (x2))
(Fi, @) X Fiymy) (X1, X2) = Max (Fi, ) (%1), Fi, ) (%2))

(Fllél(a) X Fll(l’z(b)) (x1, x2) = max (Fllffl(a) (x1), Flléz(b)(xz)) forall (xq, x;) € AxB

2) (Tit, @) X Tinyy) (6, 22)(x, ¥2)) = Min (T, 0y (X), Tir, ) (252))
(Tzl\{tl(a) X Tll\l/lz(b)) ((x, x2)(x, ¥2)) = min (Tllél(a) (%), Tzl\]42(b) (x%2Y2))
(lszl(a) X Ile(b)) ((x, x2)(x, y,)) =max (ﬁq(a) (x), 11Lv12(b) (x2Y2))
Ity ) X Iiny ) (0 22)(x, ¥2)) = Max (I, g (%), T, ) (X232))
(FlMl(a) X Fle(b)) ((x, x2) (x, y2)) = max (F%Q(a)(x), FILVIZ(b)(nyZ))
(Fit, ) X Finya) ((0.2x2)(x, ¥2))= Max(Fg, (%), Fig,a(X2y2)) VX € Viand
Vx,y, € E,.

3) (TIL\/Il(a) X Tle(b)) ((x1, 2) (y1, 2)) =min (Tszl(a)(XQ’l), T%(Z(b)(z))
(T, @) X Tinysy) (1, 2) (1, 2)) = Min (Thy, oy (X11), Tk, ) (2))
Ity X Tin,a) (Cer, 2) 01, 2)) = max (T, oy 1) T, ) (2)
(Izuwl(a) X Izl(qz(b)) ((x1, 2) (y1,2)) = max (11Uv11(a) (X1Y1), I%Z(b) (z))
(Fit, @) X Fityi)((x1, 2) (1, 2)) = max (Fig, o) (X191), Fieyry (2))

(Ff\jxll(a) X Ff\jxlz(b)) ((x1, 2) (y1, 2)) = max (le(a)(xl)ﬁ), F%z(b)(z)) vz €V, and
Vxiy1 € E;.

8) (Tt ) X Tiny) (X1, X2), (Y1, ¥2)) = Min (T, (o) (X191): Tk, ) (X22))
(Thty @) X Tty ) (1, X2), 71, ¥2)) = Min (T, () (X1 ¥1), Tk, ) (X22))
ity X Tin,i) (1, x2), (1, ¥2)) = max (T, o (X11)) Ty ) (X2Y2))
Ity @) X Iy ) (X1, %2), (1, ¥2)) = Max (I, (o) (X191), I, 0y (X2Y2))
(Fit, @) X Firyy) (X1, %2), (1, ¥2)) = max (Fi, o) (X191), Fi, ) (X22))
(Fity @) X Fay ) (21, X2), (71, ¥2)) = max (Fi, oy (X11), Fi, ) (%22)) forall (x4,
y1) € Eq, ((x2, ¥2) € E.

H(a, b) = Hi(a) ® H,(b) for all ( a, b) € AxB are interval valued neutrosophic graphs of G.

233



Florentin Smarandache, Surapati Pramanik (Editors)

Theorem 3.8. The strong product of two interval valued neutrosophic soft graph is an interval
valued neutrosophic soft graph.

Definition 3.9Let G;=(K;, M;, A) and G,=(K,, M,, B) be two interval valued neutrosophic
graphs of G; = (V;, E;) and G; = (V,, E,) respectively. The composition of two graphsG,and G, is
an interval valued neutrosophic soft graph G= G, [G,] = (K,M, A o B), where (K=K, o K,, Ao B) isan
interval valued neutrosophic soft set over V=V, xV,, (M, A o B) is an interval valued neutrosophic soft

setover E= {(x, x;) (x, y2) Ix €V, x,y, € E;} U{(x1,2) (y1,2) Iz € V3, x1y1 € E1} U{(x1,%2) (V1,¥2)
Ix1y, € E1, x, # y,}and(K, M, A o B) are interval valued neutrosophic soft graphs such that:

1) (T%{l(a) ° T%{Z(b)) (x1, x2) = min (Tf(l(a) (x1), T%(Z(b) (x2))
(TR, @) © Tiyey) (X1, X2) = Min (T, (09 (%1), Tty ) (X2))
(k@ © Tiy ) (1, X2) = MaX (T, ) (%1), Ty (X2))
Ik, @) © Tiy) (X10 %2) = Max (I, (o) (1), Tig, vy (%2))
(Ff(l(a) ° F%(Z(b)) (x1, x2) = max (qu(a) (x1), Flkz(b) (x2))

(Fllél(a) ° Flléz(b)) (x1, x2) = max (Fllffl(a) (x1), Flléz(b)(xz)) forall (xq, x,) € AxB

2) (Tht, @ ° Thapy) (%, %2)(x, ¥2)) = Min (T, (o) (%), Ti, ) (X22))
(Tzl\{tl(a) ° Tzl\{tz(b)) ((x, x2)(x, y2)) = min (Tllél(a) (x), Tllllflz(b) (x%2Y2))
(i1, @) © Tiny) (%, X2)(x, ¥2)) =max (T, ) (X), Iz, 0y (X2Y2))
(111\{11(11) ° Izl\{tz(b)) ((x, x2)(x, ¥2)) = max (Illél(a) (x), IIL\]/IZ(b) (x2Y2))
(FlMl(a) ° FIL\/IZ(b)) ((x, x2) (x, y2)) = max (F%(l(a) (%), FILVIZ(b)(nyZ))
(Fit, @) ° Fy) (X, 22)(x, ¥2))= mMax(Fig, oy (X), Fig,a(x2Y2)) VX € Viand
Vx,y, € E,.

3) (TIL\/Il(a) ° TIL\/IZ(b)) ((x1, 2) (¥4, 2)) = min (Tjy, @ (X191), lez(b) (2))
(T, @ © Tty ) (X1, 2) (71, 2)) = Min (TR, () (X1 91), T, ) (2))
(I, (@) © iy ) (%1, 2) 01, 2)) = max (Tig, () (615, Ty () (2))
(Izuwl(a) ° Izuwz(b)) ((x1, 2) (1,2)) = max (I, @) (*¥11), I%Z(b)(z))
(Fit, @) ° Fity ) (X1, 2) (71, 2)) = max (Fiy, ) (X11), Fi, (2))

(Fll(/ll(a) °F1Uv12(b)) ((x1, 2) (1, 2)) = max (quwl(a)(xﬂﬁ), F%Z(b)(z)) vz eV, and
Vx,y1 € E;.

4) (T, ° Th) (X1, %2), (Y1, ¥2)) = Min (T, o (X11), Thy ) (%2). Ty (V2))
(T, @ © Tty ) (X1, %2), (1, ¥2)) = Min (T, oy (X1 31)s Ty 0y (X2)s Ty ) (V2))
Ity © Ty ) (1, X2), 1, ¥2)) = max (T, oy (1 y1)s Tiey ) (B2 )i T, 6y (V2))
Ity @y © Iy ) (1, %2), (1, ¥2)) = max (g, oy (X1 v1)s Ty vy (X2)s Ty () (92))
(Fity @ © Fir,i) (01, X2), 71, ¥2)) = Max (Fi, ) (X191), Fie, 0 (%2).Fity 5y (V2))

(Fit @) © Fiy ) (61, %2), 1, ¥2)) = Max (Fie, oy (X1.1), Fi, 5y (X2)s Fie, 0y (v2)) for
all (xl, 3’1) € El! and Xy F Y>.

H(a, b) = Hy(a)[H,(b)] for all ( a, b) € AxB are interval valued neutrosophic graphs of G.
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Example 3.10.Let A= {e;} A= {e,, e3} be the parameters sets. Consider two interval valued
neutrosophic soft graphs G;=(H,, A) ={H;(e,)}and G,=(H,, B) = {H,(e;),H,(e3)} such that

H, (ey)=({u,([0.5, 0.7], [0.2, 0.3], [0.1, 0.3]), u,|([0.6, 0.7], [0.2, 0.4], [0.1,
0.3])}{uyu,|([0.3, 0.6], [0.2, 0.4], [0.2, 0.4])})

H,(e,)=({v,|([0.1, 0.4], [0.1, 0.3], [0.2, 0.3]), v,|([0.1, 0.3], [0.1, 0.2], [0.1, 0.4]),
v5/([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}, {vy1,|([0.1, 0.2], [0.2, 0.3], [0.3, 0.4]),
v,v5/([0.1, 0.2], [0.3, 0.4], [0.2, 0.5]),v5v, [([0.1, 0.2], [0.2, 0.4], [0.3, 0.5])})

H,(es)=({v,|([0.4, 0.6], [0.2, 0.3], [0.1, 0.3]), v,|([0.4, 0.7], [0.2, 0.4], [0.1,
0.3])}{v,v,|([0.3, 0.5], [0.2, 0.5], [0.3, 0.5])})

<[0.3, 0.6],[ 0.2, 0.4],[0.2, 0.4]>

® ®

<[0.5, 0.71,[ 0.2, 0.31,[0.1, 0.3]> <[0.6, 0.71,[ 0.2, 0.41,[0.1, 0.3]>

Fig.3.4:Interval valued neutrosophic soft graph corresponding to H;(e;)
<[0.3, 0.51,[ 0.2, 0.5],[0.3, 0.5]>

<[0.4,0.61,0.2,0.31,10.1, 0.3]> <[04,071,[0.2, 041,[0.1, 0.3]>

Fig. 3.5: Interval valued neutrosophic soft graph corresponding toH,(e3).

The composition ofG; and G, is G[G,] = (H,AxB), where AxB={(e4, e,), (€1, e3), (€,

es;)}, H(es, e;) = Hi(eq) [Hy(e;)] and H(e;, e3) = Hy(e;) [H.(e3)] are interval valued

neutrosophic graphs of G,[G,]. H;(e;) [H,(e3)] is shown in Fig. 3.6.
<[.4..61.1.2. .31.1.1..31> <[.4. 61.1.2. 41.1.1. .31>

O <(u.v..u-v.). [.3. .61.1.2. 41.1.3. .41> /)

- <[3. 6112 4112 41> )
T -
- S
3V -
— N
) =
2 =
— ©
2 =
5 %
% 3
£} 2
2 s
<I3. 61.1.2. 411.2. 41> 7
<(u.vo.unvo). [.3. .61. 1.2, 41.1.2. .41>
<[4..71.1.2. 31.1.1. 31> <[.4. 71.1.2. 41.1.1. .31>

Fig. 3.6:CompositionH, (e;)[ H,(e3)]

Hence G=G,[G,] ={H:(e,) [H2(e,)], H1(e1) [H2(e3)]}is an interval valued neutrosophic
soft graph.

Theorem 3.11. The composition of two interval valued neutrosophic soft graph is an interval
valued neutrosophic soft graph
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Proof. Let G,=(K;, M4, A) and G,=(K,, M, B) be two interval valued neutrosophic graphs of
G; = (V1, Ey) and G = (V,, E,) respectively. Let G= G,[G,] = (K,M, AxB) be the Cartesian
composition of two graphsG;and G,. We claim that G= G,[G,] = (KM, 4 o B)I s an interval valued
neutrosophic soft graph and (H, A o B) = {K; (a;)[K,(b;)], M, (a;)[M,(b;)]} for all a; € A,b; € B for
i=1,2,...,m,j=1, 2,...,n are interval valued neutrosophic graphs of G.

Consider, (x, x,) (x, y,) € E, we have

Tsz(ai,bj) ((x, x2)(x, y2)) = min (T%Q(ai)(x), TIMZ(bj)(nyZ))’ fori=1,2,..,m,j=1,
2,...n

<min {Tk, (g (%), min{T%@(b]—) (xz)’Tﬁz(bj) (72)}}
=min { min{T%, ) (x),Tf(z(bj) (x2)}, min{T%_ 0y (x)’Tﬁz(bj) (¥,)}}
TlM(ai,bj) ((x, x2)(x, ¥2)) <min{( T, o, °T§(2(bj)) (% x2), ( Tkyap © T%Q(b,-)) (x,
yy)fori=1,2,...,m,j=1,2,...,n
Similarly, we prove that

Tf\sz(ai,bj) ((x, x2)(x, ¥2)) <min{( T, °T1Lé2(bj)) % %2), ( Tk, (ap © Tll‘]'z(bj)) (X
yy)fori=1,2,...,m,j=1,2,...,n.

Iszz(al-,bj) ((x, x2)(x, y2)) = max (Ifq(ai)(x), IILVIZ(bj)(XZyZ))’ fori= 1, 2,...,m, j= 1,
2,....n
> max {I, (o, (), max {Ilkz(bj) (xz)J%(z(bj)()’z)}}
= max{ max {I%, 4, (X)J%(z(bj) (x2)}, max {Ifq(ai)(X)J%(Z(bj)(J’z)}}
IlM(ai,bj) ((x, x2)(x, ¥2)) = max {( I%q(ai) ° I%(Z(bj)) (%, x2), (T, (a © I%(z(bj)) (X, y2),for
i=1,2,....,m,j=1,2,...n

Similarly, we prove that

111\]4(ai,bj) ((x, x2)(x, ¥2)) = max {( Illél(ai) ° I%Z(bj)) (X, x2), (1%1((11») ° I%Z(bj)) (X, y2),for
i=1,2,....,m,j=1,2,...n

FlM(ai,bj) ((x, x2)(x, ¥2)) = max (Fi, (q) (), Fszz(bj)(xz)&))v fori=1,2,...,m,j=1,
2,...0n

> max {Fi, () (%), max {F%(z(bj) (xz)f%(z(bj)(h)}}
= max{ max {Fg, (x),F%(Z(bj) (x2)}, max {Fkl(ai)(x)f%(z(b]—) (72)}}

Fﬁ/[(ai,bj) ((x, x2)(x, ¥2)) = max {( Fi, ) © Flkz(bj)) (% %2), ( Fiy(ap © F%Q(bj)) (X,

yy)fori=1,2,....m,j=1,2,....,n

Similarly, we prove that
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FII\]/I(ai,bj) ((x, x2)(x, y2)) = max {( Fll(lfl(ai) ° F%z(bj)) (X, x2), ( Fllél(ai) ° Flléz(bj)) (%

yy)fori=1,2,...,m,j=1,2,...,n

Similarly, for (x;,2) (y4, z) € E, we have
Thtashy (1, 2) 01, 2)) SMI( Tk, 0, © Tiy ) (10 2)s (Thyap © Tiyvp) 01 2),
Thaby (1, 2) 1, 2)) SMIN{( Tk, 0y © Tipe)) %1 2), (T @ © Tpvp) 010 2),
Iﬁ”’(ai'bj) ((x1, 2) (y1, 7)) = max {( Ilkl(ai) ° IlL’<z(bj)) (x1, 2), (Iﬁl(l(ai) ° I%(Z(b,-)) 1, 2),
ey (1, 2) 071, 2)) = max {( 1%, o © 1y0) (1. 2), (I ap © 1y 0y) (1 2),

FlI(/I(ai,bj) ((x1, 2) (y1, 2)) = max {( Fg, g, © F%(Z(b]-)) (x1, 2), ( Fiy(ap © F%(Z(b,-)) V1,
z),
Flll]/I(ai,bj) ((x1, 2) (y1, 2)) = max {( Fg, q, © F%Z(bj)) (x1, 2), ( Fi,(ap © F%Z(bj)) V1,

z)fori=1,2,...,m,j=1,2,...n
Let (x1, x2) (1, ¥2) € E, (x4, y1) € E1and x, # y,. Then we have
TlI(/I(ai,bj)((xl’ X2), (Y1, ¥2)) = min (T%Q(ai)(xlyl)v T%(Z(bj)(xz)’Tf(z(bj)(YZ))
Smin{min{qu(ai) (x1)aT§<1(ai) (3’1)}aT§<2(bj) (xz)’Tifz(bj)(h))}
=min { min{Tf(l(ai) (x1), T%Q(bj) (x2)}, min{Tﬁl(ai)(Jﬁ), T%(Z(bj)(J’z)}}
TlI(/I(ai,bj)((xl’ x2), V1, ¥2)) Smin{T%{(ai,bj)(xl’ X2), T%((ai,bj)(yl’ y2)}
We prove also that,
TII\]/I(ai,bj)((xl’ x2), V1, ¥2)) ZmaX{T%(ai,bj)(xla X2), T%(ai,bj)(yp y2)}-
IlM(ai,bj)((xh x2), 1, ¥2)) = max (I, q) (X191), I%(Z(bj)(xz),lkz(bj) (2))
Zmax{max{lfq(ai)(xl),lfq(ai) (yl)}111i<2(bj) (xz)J%(z(bj) (2))}
=max{ maX{If(l(ai) (x1), I%Z(bj) (x2)}, max{Ik, oy (1), I%(Z(bj)(}’z)}}
IlM(ai,bj)((xh x2), V1, ¥2)) Zmax{lk(ai,bj)(xla X2), Ik(ai,bj)(hi y2)}
We prove also that,
Ill\jl(ai,bj)((xh x2), V1, ¥2)) ZmaX{I%(ai,bj)(xla X2), I%(ai,b]-)(yli y2)}

Similarly, we prove also that

Fﬁ/[(ai,bj)((xp x2), V1, ¥2)) ZmaX{F%{(ai,bj)(xlv X2), F%((ai,bj)()ﬁ, y2)}
FIU\/I(aL-,bj)((xl’ x2), V1, ¥2)) ZmaX{F%(ai,bj)(xla X2), F%(ai,bj)(}’b y2)}

Hence G= (K, M, Ao B) is an interval valued neutrosophic graph.
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Definition 3.12Let G,=(K;, M4, A) and G,=(K,, M, B) be two interval valued neutrosophic
graphs of G; = (V4, E;) and G{ = (V5, E;) respectively. The intersection of two graphsG,and G,
is an interval valued neutrosophic soft graph G= G, N G, = (K,M, A U B), where (K, AU B) is an
interval valued neutrosophic soft setover V=V, n V/,, (M, A U B) is an interval valued neutrosophic
soft set over E= E,; NnE,, truth-membership, indeterminacy—membership, and falsity-
membership function of G for all x, z €V defined by

( T¢(x) ife€A—B
1) Tge(x) = T, () ife€A—B
\ min( T,él(e) (x), T,éz(e)(x)) ifee AnB
( T¢ () ife€A—B
Ty (%) =5 T ((x) ife€A—B
\min( T, (%), T, y(x)) ife € AN B
( It () ife€A—B
I (e)(%) =5 It ) ife€A-B
(max( I ) (%), Ig, (X)) ife €ANB
( I{ o) ifeecA—B
If () (%) =5 I (x) ife€A-B

(max( I ) (%), I, (X)) ife € AN B

( F¢ (o) ife€A-B
Fi ey(%) =3 F¢ (o) ife€A—B
(max( Fg, ) (%), F¢ (%)) ife € AnB
( F () ifeeA-B
Fe)(x) =4 Flx) ifeeA—B

( max( F,él(e) (%), F,?z @) ife€AnB

( Ty (xz) ife€A—B

2) Tire)(xz) =9 Ty (xz) ife€ A—B
\min( Tnl;ll(e)(xz), T]\I,}Z(e) (XZ)) ifeeAnB

( Tﬁl(e) (XZ) ifee A—B

Tyl (e)(x2) =5 Ty o(xz) ife€A—B

( min( T,f,,’l(e)(xz), TI\l/IIZ(e) (xz))ife€e AnB
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( I, y(xz) ife€ A—B
Itp(e)(x2) =4 Ity )(x2) ife€A—B
\max( I,\Ij,l(e) (x2), 1542(@) (xz))ife€e AnB
( I, (xz) ife€A—B
Iy (¥2) =9 Iy, )(x2) ife€ A—B

\max( I,\Ij,l(e) (x2), I}(]Z(e) (xz))ife€e AnB

F,\’;,l(e)(xz) ifee A-B
Fri(e)(x) = Fy,)(xz) ife€ A—B
max( FALM@) (x2), F,\’;,z(e) (xz))ife€e AnB
Fi ((xz) ife€A-B
Fr(ey(x2) = Fi((xz) ife€A—B
max( F,ﬁ,l(e) (xz),FAI,,JZ(e)(xZ)) ife€e AnB

Example 3.13.Let A= {e4, e,} and B= {e;, e,} be a set ofparameters. Consider two interval

valued neutrosophic soft graphs G,=(H,;, A) ={H(e;),H;(e;)} and G,=(H,, B)

{H,(e;),H,(e4)}such that

H,(e1)

H,(e,)=({v|([0.4, 0.5], [0.1, 0.3], [0.1, 0.4]), v,|([0.4, 0.6], [0.1, 0.2], [0.2, 0.3]),
v51([0.2, 0.3], [0.2, 0.4], [0.1, 0.2]), v4|([0.3, 0.6], [0.2, 0.3], [0.2, 0.3])},

{v,v,]([0.4, 0.5], [0.2, 0.3], [0.3, 0.4]), v,v5|([0.2, 0.3], [0.2, 0.4], [0.4, 0.5]), v3v,

([0.2, 0.4], [0.2, 0.4], [0.4, 0.5]), v, v, |([0.3, 0.5], [0.2, 0.3], [0.3, 0.4]),v; Vs

([0.2, 0.3], [0.2, 0.5], [0.3, 0.4])}).

H, (e,)=({v,|([0.4, 0.6], [0.2, 0.3], [0.1, 0.3]), ,|([0.4, 0.7], [0.2, 0.4], [0.1, 0.3])},

{v,v,|([0.3, 0.5], [0.4, 0.5], [0.3, 0.5])}).

Hy(ey)=({v4|([0.3, 0.5], [0.2, 0.3], [0.3, 0.4]), v,|([0.2, 0.3], [0.2, 0.3], [0.1, 0.4]),
v5/([0.1, 0.3], [0.2, 0.4], [0.3, 0.5])}, {v11,/([0.1, 0.2], [0.3, 0.4], [0.4, 0.5]),
v,v5/([0.1, 0.3], [0.4, 0.5], [0.4, 0.5]), vsv, |([0.1, 0.2], [0.3, 0.5], [0.5, 0.6])}).

H,(e4)=({u)([0.4, 0.6], [0.2, 0.3], [0.2, 0.4]), w,|([0.4, 0.5], [0.1, 0.4], [0.2, 0.3])},

{u;1,|([0.3, 0.5], [0.4, 0.5], [0.3, 0.5])}).

<[0.4, 0.51, 0.1, 0.31,[0.1, 0.4]> <[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]>

<[0.4, 0.51,[ 0.2, 0.31,[0.3, 0.4]>

©, &
<[0.2, 0.3], 0.2, 0.5],[0.3, 0.4]>

A
= o
S o
o0 ~
} ~
S, S
o <
=] o
d o
S S
= =
=] o
- -
S, <[0.2, 0.4],[ 0.2, 0.4],[0.4, 0.5]> g
v \ v
Uy U3
<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]> <[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>
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H,(ey)
<[0.3, 0.51,{ 0.4, 0.51,[0.3, 0.5]>
Uy U,
0.2,0.31,0.1, 0.4]>
<[0.4,0.61,{ 0.2, 03],00.1, 0.3]> <l04,0.71,[0.2, 0.41,[0.1, 0.3]>
<10.1, 0.21,{ 0.3, 0.41,[0.4, 0.5]>

Hj(eq)

<[0.1,0.2],[ 0.3, 0.5],(0.4, 0.6]> <[0.1, 0.31,{ 0.4, 0.51,[0.4, 0.5]>

<[0.1, 0.31,[ 0.2, 0.41,[0.3, 0.5]>

H, (34) <[0.3, 0.5],[ 0.4, 0.5],[0.3, 0.5]>

<[0.4, 0.6],[ 0.2, 0.3],[0.2, 0.4]> <[0.4,0.5],[ 0.1, 0.4],[0.2, 0.3]>

Fig. 3.7: Interval valued neutrosophic soft graph G,= {H,(e,),H,(e,)} and G,=
{H(e1),Hy(e4)}

The intersection ofG; and G, is G; N G, = (H,A U B), whereAu B={eq, e,, e3,e, }, H(ey)
= H,(e;) n Hy(eq), H(e,) and H(e,) are interval valued neutrosophic graphs of G = G; n G,. are
shown in Fig. 3.8.

<[0.2, 0.3],[ 0.2, 0.31,[0.2, 0.4]>
<[0.3, 0.51,[ 0.2, 0.3],[0.3, 0.4]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

<[0.1, 0.2],[ 0.3, 0.51,[0.4, 0.6]> <[0.1, 0.31,[ 0.4, 0.51,[0.4, 0.5]>

H(ey)
<[0.1,0.31,[ 0.2, 0.41,[0.3, 0.5]>
<[0.3,0.51,[ 0.4, 0.51,[0.3, 0.5]>
7, Uy
H(e,)
<[0.4, 0.61,[ 0.2, 0.31,[0.1, 0.3]> <l0.4,0.7],00.2,0.4},[0.1, 0.3]>
<[0.3,0.5,1 0.4, 0.51,[0.3, 0.51>
@ @
H(es) <[0.4,0.6],[ 0.2, 0.3],[0.2, 0.4]> <[0.4,0.5],[ 0.1, 0.4],[0.2, 0.3]>

Fig. 3.8: Interval valued neutrosophic soft graph G = G, n G,.
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Definition 3.14Let G,=(K;, My, A) and G,=(K,, M, B) be two interval valued neutrosophic
graphs of G = (V4, E;) and Gy = (V,, E;) respectively. The union of two graphsG,and G is an
interval valued neutrosophic soft graph G= G, U G, = (K,M, A U B), where (K, AU B) is an
interval valued neutrosophic soft set over V=V, U I/,, (M, A U B) is an interval valued neutrosophic
soft set over E= E; N E,, truth-membership, indeterminacy-membership, and falsity-
membership function of G for all x, z €V defined by:

( T¢((x) ife€A—B

1) Tge(x) = T¢ ((x) ife€A—B
\max( T1]€1(e) (%), T,’gz (X)) ife€e AnB

( T¢ (x) ife€A—B

Tdie)(x) =3 Te((x) ife€A—B

max( Ty, (%), Tg,y(x)) ife € AN B

( It (X)) ife€eA—B

I () (%) =4 It (x) ife€A-B
min( I (%), Ig,y(x)) ife EAN B

( I{ o) ifeeA—B

If () (%) =5 I (x) ife€A—B

\min( Ig (%), I (y(x)) ife € AN B

( F¢ () ife€cA-B
Fi ey (%) =4 F¢ (x) ife€A—B
\min( Fg (%), Fg,y(x)) ife€ AnB

Fe @) ife€A-B
Fiey(x) =5 Fe () ife€A—B
min( F,gl(e)(x),p,g’z @) ife€ AnB

Ty (xz) ife€A—B
2) Tire)(x2) =9 Ty, (xz) ife€A—B
max( T;ﬁl(e) (xz), T,ﬁz(e) (xz))ife€e AnB

( Ty,)(xz) ife€ A—B
T,\l,,](e)(xz) =< T,\',{Z(e) (xz) ife€eA—-B
\max ( T,f,,’l(e) (x2), T,f,,’z(e) (xz))ifee AnB
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( I y(xz) ife€ A—B
Itp(e)(x2) =4 It (xz) ife€ A—B
\ min( 11@1(8) (xz),]fb(e)(xz)) ifee AnB

( Iy, y(xz) ife€ A—B
L1y (x2) =5 Iy, e)(xz) ife€ A—B
\min( Iy, o) (x2), I, oy (x2)) ife € ANB

Fy,o(xz) ife€A-B
Friey(x) = Fi((xz) ife€A-B
min( Fy oy (x2), Fy, oy (x2)) ife €EAN B

Fu((xz) ife€A—B
Fr(ey(x2) = Fi,e(xz) ife€A—B
min( Fﬂf,l(e) (x2), Fﬁz(e)(xz)) ife€eAnB

Definition 3.16. Let G; and G, be two interval valued neutrosophic soft graphs denoted byG,
+G, =(K; +K,, M; + M,,A UB), Where ( K; + K,, AU B) is an interval valued neutrosophic
soft set overV;UV, , ( My + M, , A U B ) is an interval valued neutrosophic soft set
overE; UE,UE" defined by

(Ki + K, ,AUB)=(Ky, A) U (K3, B)

(M, + M, , AUB) =(M;, A) U (M,, B) if xz € E; UE,,

when e € A N B, xze E’, where E' is the set of all edge joining the vertices of V; and V.

Definition 3.17The complement of an interval valued neutrosophic soft graphG=(K, M, A)
denoted by G=(K, M, A).

1. A=A
2. K(e) =K(e),
3. Ty 2) = Min(Tie)(X) Tigey (2)) —Tier (%,2),

Tiie % 2) = Min(T ey () T (e)(2)) ~Trice)(X.2),

Ly 2) = Min(lg ) (X) () (2) ~Taaey (%.2),

L™ 2) = Min(Tg ) (X) Ji e)(@)) ~Iie)(X:2),

ey 2) = min(Fig ey (X) ,Fi () (2)) —Faicey (X,2),

F%(X, z) = Min(Tg ) (X) Fi(ey(2)) —Faey(x,2), forall x,z Ve € A,

Definition 3.18 An interval valued neutrosophic soft graph G is a complete interval valued
neutrosophic soft graph if H(e) is a complete interval valued neutrosophic graph of G for all e
€A, i.e.

Thi(e)(%,2)= Min(Tg () (X) \Tic(ey (2))
Tyt(e)(%,2)= MiN(T () (X) T (e)(2))
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T ey (%,:2)= Min(Tg ey (X) T ey (2))

I ey (%,:2)= Min(Tig () (X) I ()(2))

Fii(e)(X,2) = Min(Fg oy (X) ,Fg e (2))

Fit(ey(%,2) = Min(T¢ oy (X) ,Fie)(2)), Forall x,z €V, e € A,

Example 3.19.Consider a simple graphG*=(V, E) such that V={u,, u,,u;, us} and E={u,u,,
UpUsz,UslUy }.

Let A= {e,, e,, e;}be a set ofparameters. Let (K, A) be an interval valued neutrosophic graph
soft sets over V with its approximation function. K:A —P(V) defined by

K (e;,)=({u,|([0.1, 0.4], [0.1, 0.3], [0.2, 0.3]), u,|([0.1, 0.3], [0.1, 0.2], [0.1, 0.4]),
us)([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}.

K (e,)=({w,]([0.3, 0.5], [0.2, 0.3], [0.3, 0.4]), u,|([0.2, 0.3], [0.2, 0.3], [0.1, 0.4]),
u5]([0.1, 0.3], [0.2, 0.4], [0.3, 0.5])}.

K(e5)=({u|([0.4, 0.5], [0.1, 0.3], [0.1, 0.4]), u,|([0.4, 0.6], [0.1, 0.2], [0.2 0.3]),
u5)([0.2, 0.3], [0.2, 0.4], [0.1, 0.2]), wu4|([0.3, 0.6], [0.2, 0.3], [0.2, 0.3])}.

Let (M, A) be an interval valued neutrosophic graph soft sets over E with its approximation
function. M:A—P(E) defined by

M(ey)={u,u,|([0.1, 0.3], [0.1, 0.3], [0.2, 0.4]), w,us|([0.1, 0.2], [0.2, 0.3], [0.2,
0.5]), usuy [([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}-

M(e5)={u;u,|([0.1, 0.3], [0.2, 0.3], [0.3, 0.4]), uus|([0.1, 0.3], [0.2, 0.4], [0.3
0.5]), usu, (0.1, 0.3], [0.2, 0.4], [0.3, 0.5])}.

M(es)={u,u,|([0.4, 0.5], [0.1, 0.3], [0.2, 0.4]), u,us|([0.2, 0.3], [0.2, 0.4], [0.2,
0.3]),us1,)([0.2, 0.3], [0.2, 0.4], [0.2, 0.3]), uau,|([0.3, 0.5], [0.2, 0.3], [0.2,
0.4]) 4, u5|([0.2, 0.3], [0.2, 0.4], [0.1, 0.4]), u,u4|([0.2, 0.6], [0.2, 0.4], [0.2, 0.3])}

It is easy to see that H(e;), H(e;), H(e3) are complete interval valued neutrosophic graphs of G
corresponding to the parameterse,, e,, e; respectively as shown in Fig. 3.9.

<[0.1, 0.31,[ 0.1, 0.2],[0.1, 0.4]>
<[0.1, 0.4],[ 0.1, 0.31,[0.2, 0.3]>

<[0.1, 0.31,[ 0.1, 0.3],[0.2, 0.4]>

<[0.1, 0.2],[ 0.2, 0.3],[0.2, 0.5]> <[0.1, 0.21, 0.2, 0.31,[0.2, 0.5]>

H(eq)

<[0.1, 0.2],[ 0.2, 0.3],[0.2, 0.5]>
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<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]>
<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]>

<[0.1, 0.3,[ 0.2, 0.3],[0.3, 0.4]>

<[0.1, 0.3, 0.2, 0.41,[0.3, 0.5]> <[0.1, 0.31, 0.2, 0.41,[0.3, 0.5]>

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

H(e,)
<[0.4,0.510.1,0.3110.1, 041> 104 051101, 031,[0.2, 0.4]> <[0.4,0.6],[ 0.1, 0.2],[0.2, 0.3]>

'<AT <[0.2, 0.3],[ 0.2, 0.41,[0.1, 0.4]> A

2 2

~ >

S S

) <

o =]

o o
H(es) o =

o o

) <[0.2, 0.61,[ 0.2, 0.31,[0.2, 0.3]> §

¢ ' &

Uy Usq
<[0.2, 0.31,[ 0.2, 0.41,[0.2, 0.3]>
<[0.3, 0.6],[ 0.2, 0.31,[0.2, 0.3]> <[0.2,0.31,0 0.2, 0.41,0.1, 0.2]>

Fig. 3.9: Complete interval valued neutrosophic soft graph G={ H(e,), H(e;), H(e3)}.

Definition 3.20: An interval valued neutrosophic soft graph G is a strong interval valued
neutrosophic soft graph if H(e) is a strong interval valued neutrosophic graph of G for all e €A,
i.e.

Tiicey(% 2)= Min(Tg () (X) T () (2)

Tat(ey (%, 2)= Min(T oy (X) . Tg ey (2))

It (ey (% 2)= min(Ig ¢y (X) Ik ey (2))

Ity (X, )= Min(Tig ) (X) I (¢y(2))

Fii(ey(%, 2) = Min(Fg ¢y (X) .Fi ey (2))

Fiey(X, 2) = Min(Tg oy (X) .Fig(e)(2)), forall x,z €V, e € A,

Example 3.21.Consider a simple graphG*=(V, E) such that V={u,, u,,u3, us} and E={u,u,,
Uy Us, U3l }

Let A= {e;, e,, e;}be a set ofparameters. Let (K, A) be an interval valued neutrosophic
graph soft sets over V with its approximation function. K:A—P(V) defined by

K(ey)=({u,|([0.1, 0.4], [0.1, 0.3], [0.2, 0.3]), u,|([0.1, 0.3], [0.1, 0.2], [0.1, 0.4]),
us)([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}.

K (e,)=({w,]([0.3, 0.5], [0.2, 0.3], [0.3, 0.4]), u,|([0.2, 0.3], [0.2, 0.3], [0.1, 0.4]),
u5]([0.1, 0.3], [0.2, 0.4], [0.3, 0.5])}.
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K(e3)=({u4]([0.4, 0.5], [0.1, 0.3], [0.1, 0.4]), u,|([0.4, 0.6], [0.1, 0.2], [0.2 0.3]),
us|([0.2, 0.3], [0.2, 0.4], [0.1, 0.2]), u,|([0.3, 0.6], [0.2, 0.3], [0.2, 0.3])}.
Let (M, A) be an interval valued neutrosophic graph soft sets over E with its
approximation function. M:A—P(E) defined by
M(eq)={u,u,|([0.1, 0.3], [0.1, 0.3], [0.2, 0.4]), u,us|([0.1, 0.2], [0.2, 0.3], [0.2,
0.5]), usu4 |([0.1, 0.2], [0.2, 0.3], [0.2, 0.5])}.
M(e,)={u,u,|([0.1, 0.3], [0.2, 0.3], [0.3, 0.4]), u,us|([0.1, 0.3], [0.2, 0.4], [0.3
0.5]), usu4 |([0.1, 0.3], [0.2, 0.4], [0.3, 0.5])}.
M (e3)={u,u,|([0.4, 0.6], [0.1, 0.3], [0.2, 0.4]), u,us|([0.2, 0.3], [0.2, 0.4], [0.2,
0.3]),u3u,/([0.2, 0.3], [0.2, 0.4], [0.2, 0.3]), u,su,4]|([0.3, 0.5], [0.2, 0.3], [0.2, 0.4])}
It is easy to see that H(e;), H(e,), H(e3) are strong interval valued neutrosophic graphs
of G corresponding to the parameterse;, e,, e; respectively as shown in Fig. 3.10.

<[0.1,0.3],[ 0.1, 0.2],[0.1, 0.4]>
<[0.1, 0.4],[ 0.1, 0.3],[0.2, 0.3]>

<[0.1, 0.31,1 0.1, 0.31,[0.2, 0.4]>

<[0.1, 0.2],[ 0.2, 0.3],[0.2, 0.5]> <[0.1, 0.2],[ 0.2, 0.3],[0.2, 0.5]>

<[0.1, 0.2],[ 0.2, 0.3],[0.2, 0.5]>

H(e;)
<[0.2, 0.31,[ 0.2, 0.31,[0.1, 0.4]>
<[0.3, 0.5, 0.2, 0.31,[0.3, 0.4]>
<[0.1, 0.3,[ 0.2, 0.3],[0.3, 0.4]>
<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]> <[0.1, 0.31,{ 0.2, 0.41,[0.3, 0.5]>
<[0.4, 0.6, 0.1, 0.21,[0.2, 0.3]>
<[0.4,0.51,00.1,0.3,10.1, 041> 194 0.6][0.1,0.31,[0.2, 0.4]> [Cecpvecr
H(e
) ") 7
A A
< —_—
s pi
~ >
S, i
= s
P S
) o
S A
I -
S P
o >
g <[0.2, 0.31,[ 0.2, 0.4],[0.2, 0.3]> o
© \ /‘ s
Uy U3
<[0.3, 0.6],[ 0.2, 0.31,[0.2, 0.3]> <[0.2, 0.3],[ 0.2, 0.41,[0.1, 0.2]>
H(es)

Fig. 3.10: Strong interval valued neutrosophic soft graph G={ H(e,), H(e,), H(e3)}.

4. APPLICATION
Interval valued neutrosophic soft set has several applications in decision making problems and
can be used to deal with uncertainties from our different daily life problems. In this section, we
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apply the concept of interval valued neutrosophic soft sets in a decision making problem and
then give an algorithm for the selection of optimal object based upon given sets of information.

Suppose that V={h;,h,,h3,h,,hs} is the set of five houses under consideration. Mr. X
is going to buy one of the houses on the basis of wishing parameters or attributes set A={e;=
large,e,= beautiful, e;= green surrounding}.(K, A) is the interval valued neutrosophic soft set
on V which describes the value of the houses based upon the given parameters e;= large,e,=
beautiful, e;= green surrounding, respectively.

K (e;)=({h,|([0.3, 0.4], [0.2, 0.3], [0.3, 0.4]), hs|([0.2, 0.3], [0.2, 0.3], [0.1, 0.4]),
h.|([0.2, 0.3], [0.2, 0.4], [0.3, 0.5])}.

K (e,)=({h,|([0.2, 0.5], [0.1, 0.3], [0.1, 0.3]), ,|([0.3, 0.4], [0.1, 0.2], [0.2, 0.3]),
h4|([0.2, 0.3], [0.2, 0.3], [0.3, 0.4]),h4|([0.3, 0.4], [0.2, 0.3], [0.1, 0.2]), hs|([0.3,
0.4], [0.1, 0.2], [0.2, 0.4])}.

K(es) =({h4|([0.4, 0.5], [0.1, 0.3], [0.1, 0.4]), h,|([0.4, 0.6], [0.1, 0.2], [0.2, 0.3]),
h|([0.2, 0.3], [0.2, 0.4], [0.1, 0.2]),h4|([0.3, 0.6], [0.2, 0.3], [0.2, 0.3]), hs|([0.2,
0.3], [0.2, 0.3], [0.2, 0.4])}.

(M, A) is an interval valued neutrosophic soft sets on E= {h;h,, h;hs,
hyh4,hihs,hyhshyhy, hyhs, hshy,hyshs} which describe the value of two houses
corresponding to the given parameters e,, e, and e;.

M(e;)={hyhs|([0.1, 0.2], [0.2, 0.3], [0.3, 0.4]), hsh,|([0.1, 0.2], [0.2, 0.5], [0.3,
0.5]), hyhy [([0.2, 0.3], [0.3, 0.4], [0.3, 0.5])}.

M(e,)={h,h,|([0.2, 0.3], [0.2, 0.3], [0.2, 0.4]), hy hu|([0.2, 0.3], [0.2, 0.4], [0.2,
0.4]), hyhs [([0.1, 0.3], [0.3, 0.4], [0.3, 0.5]), hyhy|([0.2, 0.3], [0.2, 0.4], [0.4,
0.5]), hyh<|([0.1, 0.2], [0.2, 0.4], [0.2, 0.5]), huhs [([0.2, 0.3], [0.2, 0.3], [0.3,
0.4])}.

M(es)= {hyh,|([0.4, 0.6], [0.2, 0.3], [0.3, 0.4]), hy hy|([0.3, 0.5], [0.3, 0.4], [0.2,
0.4]), hyhs |([0.2, 0.3], [0.2, 0.5], [0.3, 0.4]), hyhs|([0.1, 0.2], [0.3, 0.4], [0.4,
0.5]), hyha|([0.2, 0.4], [0.3, 0.4], [0.5, 0.6]), hshy |([0.2, 0.3], [0.4, 0.5], [0.2,
0.3])}.

The interval valued neutrosophic soft setsH(e;), H(e,), H(es)of interval valued
neutrosophic graphs of G =(K, M, A) corresponding to the parameterse;, e,, es respectively,
as shown in Fig. 3.11.

<[0.2, 0.3],[ 0.2, 0.31,[0.1, 0.4]>
<[0.3, 0.41,[ 0.2, 0.31,[0.3, 0.41>

<[0.1,0.2,[ 0.2, 0.3],[0.3, 0.4]>

<[0.2, 0.3, 0.3, 0.41,[0.3, 0.5]> <[0.1, 0.21,[ 0.2, 0.51,[0.3, 0.5]>

<[0.2, 0.3],[ 0.2, 0.4],[0.3, 0.5]>
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<[0.4, 0.51, 0.1, 0.31,[0.1, 0.4]>

H(e )=

<[0.2, 0.5],[ 0.1, 0.3],[0.1, 0.3]>

©
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H(ey)

<[0.3, 0.41,[ 0.1, 0.21,[0.2, 0.31>
<[0.2, 0.31,[ 0.2, 0.31,[0.2, 0.4]>

\}17

A A

4 <[0.2,0.31,[ 0.2, 0.41,[0.2, 0.4]> 2

o <

S S <[0.2, 0.3],[ 0.2, 0.3],[0.3, 0.4]>
< <

S s

o o

o o

o ~

s ™ S <[0.2,0.3],[ 0.2, 0.3],[0.3, 0.4]>

he |}
<[0.1,0.2],[ 0.2, 0.41,[0.2, 0.5]>
<[0.3, 0.41,{ 0.1, 0.21,[0.2, 0.4]> <[0.3,0.41,1 0.2, 0.31,0.1, 0.2]>

<[0.4, 0.6],[ 0.2, 0.3],[0.3, 0.4]>

H(e,)

<[0.4, 0.61,[ 0.1, 0.21,[0.2, 0.3]>

O,

<[0.1, 0.2>,10.3, 041, [0.4, 0.51

A A
s <[0.2 0.4, [0.3. 0.41, [0.5, 0.6 5
5 s
o o
o o
n - <10.2. 0.3>. 0.2, 0.31.10.3. 0.41
o o
E <[0.2,0.3],[ 0.4, 0.5],[0.2, 0.3]> /_ g
v v
Qy "
<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]> <[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>

Fig. 3.11: Interval valued neutrosophic soft graph G={ H(e,), H(e,), H(e3)}.

The interval valued neutrosophic graphs H(e,), H(e,), H(e3) corresponding to the
parameters “large”, “beautiful” and “green surrounding”, respectively are represented by the
following incidence matrix.

<[0,0],[0,0],[0,0] >

<[0,0],[0,0],[0,0] >
<[0.1,0.2],[0.2,0.3],[0.3,04] >
<[0.2,03],[0.3,04],[0.3,05] >

<[0,0],[0,0],[0,0] >

01,[0,0]><[0.1,02],[0.2,0.31,[0.3,0.4] > <[0.2,0.3],[0.3,04],[0.3,0.5] >
0],[0,0]> <[0,0],[0,0],[0,0] > <[0,0],[0,0],[0,0] >
01,[0,0]> <1[0,01,[0,01,[0,0] > <[0.1,0.21,[0.2,0.51,[0.3,0.5] >
01,[0,0]><[0.1,0.21,[0.2,0.5],[0.3,0.5] > <[0,01,[0,01,[0,0] >
01,[0,0]> <1[0,01,[0,01,[0,0] > <1[0,01,[0,01,[0,0] >
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<[0,01,[0,01,[0,0] > <[0.2,031,[0.2,031,[0.2,0.4] > <1[0,01,[0,01,[0,0] > <[0.2,031,[0.2,041,[0.2,0.4] >
H(ez)= [<[02,031,[0203],[0.204] > <1[0,01,[0,01,[0,0] > <1[0,01,[0,01,[0,0] > <[0.2,031,[0.2,0.41,[0.4,0.5] >
<[0,01,[0,01,[0,0] > <1[0,01,[0,01,[0,0] > <1[0,01,[0,01,[0,0] > <[0.2,031,[0.2,031,[0.3,0.4] >
<[0.2,031,[0.2,041,[0.2,04] > <[0.2,031,[0.2,04],[0.4,0.5] ><[0.2,031],[0.2,0.3],[0.3,0.4] > <[0,01,[0,01,[0,0] >
<[0.1,0.3],[0.3,0.4],[0.3,0.5] > <[0,0],[0,0],[0,0] > <[0,0],[0,0],[0,0] > <[0.1,0.2],[0.2,0.4],[0.2,0.5] >
<[0.1,0.31,[0.3,041,[0.3,0.5] >
<[0,0],[0,0],[0,0] >
<[0,0],[0,0],[0,0] >
<[0.1,0.21,[0.2,041,[0.2,0.5] >
<[0,0],[0,0],[0,0] >
And H(e3)=
<[0,01,[0,01,[0,0] > <[0.4,0.61,[0.2,031,[0.3,0.4] > <1[0,01,[0,01,[0,0] > <[0.3,051,[0.3,041,[0.2,0.4] >
<[0.4,0.6],[0.2,0.3],[0.3,0.4] > <[0,0],[0,0],[0,0] > <[0.2,0.3],[0.2,0.5],[0.3,04] > < [0.2,0.4],[0.3,0.4],[0.5,0.6] >
<[0,01,[0,01,[0,0] > <[0.2,031,[0.2,05],[0.3,0.4] > <[0,01,[0,01,[0,0] > <[0.2,031,[04,05],[0.2,03] >
<[0.3,0.5],[0.3,0.4],[0.2,0.4] > < [0.2,0.4],[0.3,0.4],[0.50.6] ><[0.2,0.3],[0.4,0.5],[0.2,0.3] > <[0,0],[0,0],[0,0] >
<[0,01,[0,01,[0,0] > <[0.1,0.21,[0.3,041,[0.4,0.5] > <1[0,01,[0,01,[0,0] > <[0,0],[0,0],[0,0] >

<[0,0],[0,0],[0,0] >
<[0.1,0.2],[0.3,0.4],[0.4,05] >
<[0,0],[0,0],[0,0] >
<[0,0],[0,0],[0,0] >
<[0,0],[0,0][0,0]>

After performing some operation (AND or OR); we obtain the resultant interval valued
neutrosophic graph H(e), where e= e; A e, A e;. The incidence matrix of resultant interval
neutrosophic soft graph is

H(es)=
<1[0,01,[0,01,[0,0] > <[0.2,0.31,[0.2,0.3],[0.3,04] > <[0,0],[0.2,03],[0.3,04]> <[0.2,0.3],[0.3,0.4],[0.3,0.5] >
<[0,01,[0.3,0.4],[0.4,05] > <[0,0],[0,01,[0,0] > <[0,01,[0.2,051,[0.3,0.4] > <[0,01,[0.3,041,[05,06] >
<[0,0],[0.2,0.31,[0.3,04] > <[0,0],[0.2,0.5],[0.3,04] > <1[0,0],[0,0],[0,0] > <[0.1,0.21,[0.4,0.5],[0.2,0.3] >
<[0,0],[0.3,0.4],[0.3,05] > <[0.2,0.3],[0.3,0.4],[0.5,0.6] >< [0.1,0.2],[0.4,0.5],[0.3,0.5] > <[0,01,[0,0],[0,0] >
<[0,01,[0.3,0.41],[0.3,05]> <[0,0],[0.3,04],[0.4,05] > <1[0,0],[0,0],[0,0] > <[0,01,[0.2,0.41,[0.2,0.5] >

<[0,01,[0.3,0.41,[0.4,05] >
<1[0,01,[0.3,0.41,[0.4,05] >
<1[0,01,[0,01,[0,0] >
<[0,01,[0.2,0.41,[0.2,05] >
<1[0,01,[0,01,[0,0] >

Sahin (2015) defined the average possible membership degree of element x to interval valued
neutrosophic set4d = ([TF(x), T.X ()], [1% (x), 1Y ()], [FE (x), EY (x)]) as follows:

5. (x) = TA(x) er T4 (x) o 15 (x) er 15(x) o Fii(x) +2Fv§1’(x)
_Ti(x) +TA”(x) +4—I;(x) — 1§ (x) — Fy (x) = F{ (%)
a 6

Based on S, (x) we depictedthe Tabular representation of score value of incidence
matrix of resultant interval valued neutrosophic graph H(e)with Siandchoice valuefor each
house h; fork=1, 2, 3, 4.

Table 2. Tabular representation of score values with choice values.

hy h, hs h, he K,
hy 0.666 0.55 0.466 0.5 0.4 2,582
h, 0.4 0.666 0.433 0.366 0.4 2,265
ha 0.466 0.433 0.666 0.483 0.666 2,714
h, 0.416 0.45 0.433 0.666 0.45 2,415
he 0.416 0.383 0.666 0.45 0.666 2,581
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Clearly, the maximum score value is 2,714, scored by the h; Mr. X, will buy the house
hs.
We present our method as an algorithm that is used in our application.
Algorithm
Input the set P of choice of parameters of Mr. X, A is subset of P.
Input the interval valued neutrosophic soft sets (K, A) and (M, A).
Construct the interval valued neutrosophic soft graph G = (K, M, A).
Compute the resultant interval valued neutrosophic soft graph
H(e) :nk H(ek ) fOI’e = /\k €k Y k
Consider the interval valued neutrosophic graph H(e) and its incidence matrix form.
Compute the score S, of h;,V k.
The decision is hyif hj,= max hy,.

el N =

© No o

If k has more than one value then any one of h;may be chosen.

5. CONCLUSION

Interval valued neutrosophic soft sets is a generalization of fuzzy soft sets, intuitionistic fuzzy
soft sets and neutrosophic soft sets. The neutrosophic set model is an important tool for dealing
with real scientific and engineering applications; it can handle not only incomplete information,
but also the inconsistent information and indeterminate information which exists in real
situations. Interval valued neutrosophic models give more precisions, flexibility and
compatibility to the system as compared to the classical, fuzzy and/or intuitionistic fuzzy and
single valued neutrosophic models. In this paper, we have introduced certain types of interval
valued neutrosophic soft graphs, such as strong interval valued neutrosophic soft graph,
complete interval valued neutrosophic soft graphs and complement of strong interval valued
neutrosophic soft graphs. We introduced some operations such as Cartesian product,
composition, intersection, union and join on an interval valued neutrosophic soft graphs. We
presented an application of interval valued neutrosophic soft graphs in decision making. In
future studies, we plan to extend our research to regular interval valued neutrosophic soft graphs
and irregular interval valued neutrosophic soft graphs.
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