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The notion of interval valued neutrosophic sets is a generalization of fuzzy sets, intuitionistic fuzzy
sets, interval valued fuzzy sets, interval valued intuitionstic fuzzy sets and single valued neutrosophic
sets. We apply for the first time the concept of interval valued neutrosophic sets, an instance of
neutrosophic sets, to graph theory. We introduce certain types of interval valued neutrosophc graphs
(IVNG) and investigate some of their properties with proofs and examples.
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1. PRELIMINARIES

Neutrosophic sets (NSs) proposed by Smarandache [13, 14] is a powerful mathematical tool for dealing
with incomplete, indeterminate and inconsistent information in real world. They are a generalization of the
theory of fuzzy sets [31], intuitionistic fuzzy sets [28, 30], interval valued fuzzy set [23] and interval-valued
intuitionistic fuzzy sets [29]. 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 ]70, 1*[. In order to practice NS in real life applications
conveniently, Wang et al. [17] introduced the concept of a single-valued neutrosophic sets (SVNS), a
subclass of the neutrosophic sets. The same authors [16, 18] introduced the concept of interval valued
neutrosophic sets (IVNS), which is more precise and flexible than single valued neutrosophic sets. The IVNS
is a generalization of single valued neutrosophic sets, in which three membership functions are independent
and their value belong to the unit interval [0, 1]. Some more work on single valued neutrosophic sets,
interval valued neutrosophic sets and their applications may be found on [3-6, 19-27, 39, 41-48, 52, 56].

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 problems in different areas
such as geometry, algebra, number theory, topology, optimization and computer science [49-51]. Most
important thing which is 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 [7, 9, 38] theory have been
developed by several researchers including intuitionistic fuzzy graphs [8, 32, 40] considered the vertex sets
and edge sets as intuitionistic fuzzy sets. Interval valued fuzzy graphs [33, 34] considered the vertex sets and
edge sets as interval valued fuzzy sets. Interval valued intuitionstic fuzzy graphs [2, 48] considered the
vertex sets and edge sets as interval valued intuitionstic fuzzy sets. Bipolar fuzzy graphs [ 35, 36] considered
the vertex sets and edge sets as bipolar fuzzy sets. M-polar fuzzy graphs [37] 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 are failed. For this purpose, Samarandache [10, 11, 12,
54] have defined four main categories of neutrosophic graphs, two based on literal indeterminacy (1), which
called them; I-edge neutrosophic graph and I-vertex neutrosophic graph, these concepts are studied deeply
and has gained popularity among the researchers due to its applications via real world problems [1, 15, 53,
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56]. The two others graphs are based on (t, i, f) components and called them; The (t, i, f)-Edge neutrosophic
graph and the (t, i, f)-vertex neutrosophic graph, these concepts are not developed at all. Later on, Broumi et
al. [47] introduced a third neutrosophic graph model. This model allows the attachment of truth-membership
(), indeterminacy —membership (i) and falsity- membership degrees (f) both to vertices and edges, and
investigated some of their properties. 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 intuitionstic fuzzy graph. Also the same authors [46] introduced neighborhood degree of a vertex
and closed neighborhood degree of vertex in single valued neutrosophic graph as a generalization of
neighborhood degree of a vertex and closed neighborhood degree of vertex in fuzzy graph and intuitionistic
fuzzy graph. In the literature the study of interval valued neutrosophic graphs (IVN-graph) is still blank, we
shall focus on the study of interval valued neutrosophic graphs in this paper.

In this paper, some certain types of interval valued neutrosophic graphs are developed and some
interesting properties are explored.

2. PRELIMINARIES

In this section, we mainly recall some notions related to neutrosophic sets, single valued neutrosophic
sets, interval valued neutrosophic sets, single valued neutrosophic graphs, relevant to the present work. See
especially [13, 17, 18, 47] for further details and background.

Definition 2.1 [13]. 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: To(x), [o(X), FA(x)>, x € X},
where the functions T, I, F: X—]-0,1+[ 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=To(X)+ [a(x)+ FA(x)< 3" 1)

The functions Tx (%), I4(x) and F4 (x) are real standard or nonstandard subsets of ]70,17[.

Since it is difficult to apply NSs to practical problems, Wang et al. [16] introduced the concept of a
SVNS, which is an instance of a NS and can be used in real scientific and engineering applications.

Definition 2.2 [17]. Let X be 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 X
Ta (%), 14 (%), Fao(X) € [0, 1]. A SVNS A can be written as

A ={< X To(x), [o(%), FA(x)>, X € X} 2

Definition 2.3 [47]. Let A = (T, I, F;) and B = (T, Ig, Fg) be single valued neutrosophic sets on a
set X. If A =(Ty, 1y, F,) is a single valued neutrosophic relation on a set X, then A =(Ty, 14, F,) is called a
single valued neutrosophic relation on B = (Tg, I, Fg) if Tg(X, y) < min(Ta(X), Ta(y)) , Ig(x, y) >
max(1a(x), [a(y)) and Fg(x, y) > max(F5X), Fo(y)) for all X,y € X.

A single valued neutrosophic relation A on X is called symmetric if T4(X, ¥) = T4(Y, X), La(X, ¥) = L(y,
X), Fa(x, y) = Fa(y, x) and Tp(x, y) = Tg(y, X), Ig(X, ¥) = I(y, X) and Fp(x, y) = Fg(y, ), for all x, y € X.

Definition 2.4 [47]. A single valued neutrosophic graph (SVN-graph) with underlying set V is defined
to be a pair G= (A, B) where

1. The functions T4:V-[0, 1], I,: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

OS TA(vi) + IA(vi) +FA(vi) S3 fOI’ a” Vi eV (izl, 2, ...,n)

2. The functions Tz: ECSV X V[0, 1], IzESV xV -[0, 1] and Fz: ECSV x V [0, 1] are
defined by
Tg({vy, v;}) = min [T,(v), T4(v))],  1g({vi, vj}) = max [I4(v;), 14 (v;)] and

Fg({vi, v;}) = max [Fy(v;), Fa(v))]

ACTA ELECTROTECHNICA, Volume 58, Number 1-2, 2017, Special Issue, ISSN 2344-5637, ISSN-L 1841-3323



Interval Valued Neutrosophic Graphs 123

Denotes the degree of truth-membership, indeterminacy-membership and falsity-membership of the
edge (v;, v;) € E respectively, where
0< TB({Ui' UJ}) + IB({vi'Uj})+ FB({vi; UJ}) <3 forall {Ui, U]} €EE (I,J =1,2,..., n)

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
(vi, vj) for an element of E Thus, G = (A, B) is a single valued neutrosophic graph of G*= (V, E) if
Tg (v, v;) < min [Ty (vy), Ta(vj)], Ig(vi, vj) = max [I,(v;), [4(v;)] and

= max [FA(vi)! FA(U])] for all (Ui, U]) €E.
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Figure 1: single valued neutrosophic graph

Definition 2.5 [47]. 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)= (d+(v),
d;(v), dg(v)) where
dr(v)=X,+» T (u,v) denotes degree of truth-membership vertex.

d;(v)=Xu=v I5(u, v) denotes degree of indeterminacy-membership vertex.
dr(v)=X,+v Fg(u, v) denotes degree of falsity-membership vertex.

Definition 2.6 [18].Let X be a space of points (objects) with generic elements in X denoted by X. An
interval valued neutrosophic set (for short IVNS A) A in X is characterized by truth-membership function
Ta (%), indeteminacy-membership function I, (x) and falsity-membership function F,(x). For each point X in
X, we have that Ty (x)= [T 4.(X), Tau(X)], Ia(X) = [T41 (%), Loy (X)], Fa(X) = [F 4. (x), Fay(x)] < [0, 1] and
0< Ta(x) +Ia(x) + Fa(x) <3.

Definition 2.7 [18]. Let X and Y be two non-empty crisp sets. An interval valued neutrosophic relation
R(X, Y) is a subset of product space X x Y, and is characterized by the truth membership function Tg(X, ),
the indeterminacy membership function Iz(X, y), and the falsity membership function Fr(x, y), where x € X
andy € Y and Tr(X, ), Ir(X, ¥), Fr(X, y) < [0, 1].

3. INTERVAL VALUED NEUTROSOPHIC GRAPHS

Throught this paper, we denote G* = (V, E) a crisp graph, and G =(A, B) an interval valued
neutrosophic graph

ACTA ELECTROTECHNICA, Volume 58, Number 1-2, 2017, Special Issue, ISSN 2344-5637, ISSN-L 1841-3323



124 Said BROUMI , Mohamed TALEA, Assia BAKALLI, Florentin SMARANDACHE

Definition 3.1. By an interval-valued neutrosophic graph of a graph G* = (V, E) we mean a pair G =
(A, B), where A =<[Tar, Tayl, [Iar: lauls [FaL, Fayl> is an interval-valued neutrosophic set on VV and B =<
[Te, Teul, gL, Igul, [FgL, Feyl™ is an interval-valued neutrosophic relation on E satisfies the following
condition:
1.V={v;, v,,..., v} suchthat T, :V—[0, 1], T,y :V-[0, 1], I4,:V-[0, 1], I;;,:V—[0, 1] and F,;:V-[0,
1], F4y:V-[0, 1] denote the degree of truth-membership, the degree of indeterminacy- membership and
falsity-membership of the element y € V, respectively, and

0< Tu(v;) + Lu(v;) +Fa(v;) <3 forall v; € V (i=1,2, ....n)

2. The functions Tg;:V xV —[0, 1], Tgy:V XV -0, 1], Iz.:V XV [0, 1], Izy:V x V =[0, 1] and Fg;:V
xV =[0,1], Fgy:V xV =0, 1] are such that

Tp ({vy, v;}) < min [Ty, (v), Tar ()], Tey {vi, v;3) < min [Ty (v;), Tay (v))]
g, ({vi, v;}) = max[lp, (vy), IgL ()], Igy ({vi, v;}) = max[lgy (v;), Igy (v))] And
Fgr({vi, vj}) = max[Fg, (v;), Fp (v))], Fgu ({vy, vj}) = max[Fgy (vy), Fy (v))]

Denotes the degree of truth-membership, indeterminacy-membership and falsity-membership of the
edge (v;, v;) € E respectively, where
0< T ({vy, v;}) + Ig({vi, vi D+ Fg({v;, v;}) <3 forall {v;,v;} EE(,j=1,2,...,n)

We 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
Tgy (vi, vj) < Min [Ty, (vy), Tar (v))], Ty (v, vj) < Min [Ty (v)), Tay (v))]

Ig, (v, vj) = max[lg, (v;), Ig, (v))], Iy (v, v;) = max[lgy (v;), Igy (vj)] And
Fp(vi, vj) = max[Fp, (vy), Fpr (v)], Fau(vi, vj) = max[Fpy (vy), Fpy(vy)] forall (v, v;) €E

Example 3.2. Consider a graph G* such that V= {v,, vy, v3, 1.}, E={v v, vov3, V314, 401} Let A
be a interval valued neutrosophic subset of V and let B a interval valued neutrosophic subset of E denoted by
where 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]>, v3=<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>
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]>

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

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

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]> V3V,

Figure 2:G: Interval valued neutrosophic graph
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The interval valued neutrosophic graph G depicted in figure 3 is represented by the following
adjacency matrix M,

MG:

<[0.3,0.5],[0.2,0.3],[0.3,0.4] > < [0.1,0.2],[0.3,0.4],[0.4,0.5] > < [0.1,0.2],[0.3,0.5],[0.4,0. ¢
<[0.1,0.2],[0.3,0.4],[0.4,0.5] > <[0.2,0.3],[0.2,0.3],[0.1,0.4] > <[0.1,0.3],[0.4,0.5],[0.4,0.:
<[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.

Definition 3.3. Let G= (A, B) be an interval valued 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), dry ()], [diL (v), diy (V)] [drL (V), dpy(v)]) Where
dr.(V)=X,2» Ts (u, v) denotes degree of lower truth-membership vertex.
dry (W)=Y« Tey (u, v) denotes degree of upper truth-membership vertex,

d;, (V)=Xu+v I51 (u, v) denotes degree of lower indeterminacy-membership vertex.
d;y(V)=Yu=v gy (u, v) denotes degree of upper indeterminacy-membership vertex.
drp (V)=Xu+v Fr (u, v) denotes degree of lower falsity-membership vertex.
dry(V)=Yu=v Feu (U, v) denotes degree of upper falsity-membership vertex.

Example 3. 4. Let us consider an intreval valued neutrosophic graph G= (A, B) of G* = (V, E) where
V ={vy, v3, vz, vu} and E={v v, v,v3, V3V, , V4vy }.

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]>
<[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> <[0.2, 0.3, 0.2, 0.51,[0.2, 0.4]>
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<[0.3, 0.61, 0.2, 0.31,[0.2, 0.3]> <[0.2, 0.31,0 0.2, 0.41,[0.1, 0.2]>

Figure 4: Degree of vertex of interval valued neutrosophic graph.

We have, the degree of each vertex as follows:
d(v,)=([0.3,0.6], [0.5, 0.9], [0.5, 0.9]), d(v,)= (][0.4, 0.6], [0.5, 1.0], [0.4, 0.8]), d(v3)= ([0.4, 0.6], [0.6,
0.9], [0.4, 0.8]), d(v4)=(]0.3, 0.6], [0.6, 0.8], [0.5, 0.9]),

Definition 3.5 . An interval valued neutrosophic graph G= (A, B) is called constant if degree of each

vertex is K =([kqz, k1vl, [Kar, kaul, ks, ksyl), That is, d(v) =([k1z, kivls [kar, k2ul, ks, ksyl), for all v
e V.

Definition 3.6. An interval valued neutrosophic graph G=(A, B) of G*= (V, E) is called strong interval
valued neutrosophic graph if

Tpr (v, vj)) = min [Ty, (vy), Tap ()], Tey(vi, vj) = min [Ty (vy), Tay (v))]
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g, (vi, vj) = MaX [Ty, (vy), Loy (V)] 1gy(vi, vj) = max [Lay (v;), Lay(vj)]
Fg, (v, v;) = max [Fyp (v;), Far, (vj)], Fey (i, v;) = max [Fay (v;), Fay (v))], forall (v, v;) € E.

Example 3.7. Consider a graph G* such that V= {v;, v,, v3, v}, E={v,v,, v,V3, U3V, V401 }. LEL A
be an interval valued neutrosophic subset of V and let B an interval valued neutrosophic subset of E denoted
by

U1 %) U3 U1V UaU3 U3y
T, |03 (0.2 0.1 TsL 0.2 0.1 0.1
T,y | 05103 0.3 Tsy 0.3 0.3 0.3
I, 102 (0.2 0.2 Ig; 0.2 0.2 0.2
I,y 103103 0.4 Igy 0.3 0.4 0.4
F,, 103 (0.1 0.3 Fg; 0.3 0.3 0.3
Fu,y 104104 0.5 Fgy 0.4 0.4 0.5

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

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

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]> <[0.1, 0.3],[ 0.2, 0.41,[0.3, 0.4]>

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

Figure5:Strong IVN-graph.

By routing computations, it is easy to see that G is a strong interval valued neutrosophic of G*.
Definition 3.8. The complement of an interval valued neutrosophic graph G (A, B) on G* is an interval
valued neutrosophic graph G on G* where:
1. A=A

2. Ty, (v)= Tar (v1), Tag (V)= Tay (), Lo, (vi)= Lap,(v), Loy (V)= Lay (vi), Far(vi) = Fap (v1), Fag(vy) =
Fpy(vy), forall v; € V.

3. Tpr,(vi, v)= min [Tay (v;), Tar, (v)] -Tor (vi, v)), Tay (v, vj)= min [Tay (v;), Tay (v))] -Tou (vi, v),
I (vi, v)=max [I;, (v), Ly, (v})] I (vi, v}), Ty (vi, vj)= max [Lyy (v;), Lay (v})] -Isu(vi, vj), and

FpL(v;, v;)=max [Fa, (), Far,(vj)] -Fs(vi, vj), Fay(vi, vj)= max [Fay (vy), Fay(vj)] -Fsy(vy, v;), For all
('Ul', U]) €EE

Proposition 3.9. G=G if and only if G is a strong interval valued neutrosophic graph.

Proof. it is obvious.

Definition 3.10. A strong interval valued neutrosophic graph G is called self complementary if G= G.
Where G is the complement of interval valued neutrosophic graph G.

Definition 3.11. An interval valued neutrosophic graph G= (A, B) is called complete if

Tpr (v, vj) = Min(Ta, (v;), Tar (v))), Tau (vi, v;) = Min(Tay (vi), Tav (v))),

g1, (v, vj) = max(ly (v;), 1o (v))), Tgy(vi, v;) = max(lay (v;), Lay (v})), and
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Fpr (v, vj) = max(Fy (v;), Fa(vy)), Fpy(vi, vj) = maxX(Fay (v;), Fay (vy)), for all v, v; € V.

4. CONCLUSION

In this paper, we have defined, for the first time, certain types of interval valued neutrosophic graphs,
such as strong interval valued neutrosophic graph, constant interval valued neutrosophic graph and complete
interval valued neutrosophic graphs. In future study, we plan to extend our research to regular interval valued
neutrosophic graphs and irregular interval valued neutrosophic.
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