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Abstract

The interval valued neutrosophic graphs are generalizations of the fuzzy graphs,
interval fuzzy graphs, interval valued intuitionstic fuzzy graphs, and single valued
neutrosophic graphs. Previously, several results have been proved on the isolated
graphs and the complete graphs. In this paper, a necessary and sufficient condition
for an interval valued neutrosophic graph to be an isolated interval valued
neutrosophic graph is proved.
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1 Introduction

To express indeterminate and inconsistent information which exists in real
world, Smarandache [9] originally proposed the concept of the neutrosophic
set from a philosophical point of view. The concept of the neutrosophic set
(NS) is a generalization of the theories of fuzzy sets [14], intuitionistic fuzzy
sets [15], interval valued fuzzy set [12] and interval-valued intuitionistic fuzzy
sets [14].

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*].
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Further on, Wang et al. [10] introduced the concept of a single-valued
neutrosophic sets (SVNS), a subclass of the neutrosophic sets. The same
authors [11] introduced the interval valued neutrosophic sets (IVNS), as a
generalization of the 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 in [1, 5, 7,8, 29,
30, 31, 37, 38].

Graph theory has 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 combinatorial problems in different areas, such as geometry,
algebra, number theory, topology, optimization and computer science. 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.

In the literature, many extensions of fuzzy graphs have been deeply studied by
several researchers, such as intuitionistic fuzzy graphs, interval valued fuzzy
graphs, interval valued intuitionistic fuzzy graphs [2, 3, 16, 17, 18, 19, 20, 21,
22, 34].

But, when the relations between nodes (or vertices) in problems are
indeterminate and inconsistent, the fuzzy graphs and their extensions fail. To
overcome this issue Smarandache [5, 6, 7, 37] have defined four main
categories of neutrosophic graphs: two are based on literal indeterminacy (1),
(the I-edge neutrosophic graph and the I-vertex neutrosophic graph, [6, 36]),
and the two others graphs are based on (t, i, f) components (the (t, i, f)-edge
neutrosophic graph and the (t, i, f)-vertex neutrosophic graph, not developed
yet).

Later, Broumi et al. [23] presented the concept of single valued neutrosophic
graphs by combining the single valued neutrosophic set theory and the graph
theory, and defined different types of single valued neutrosophic graphs
(SVNG) including the strong single valued neutrosophic graph, the constant
single valued neutrosophic graph, the complete single valued neutrosophic
graph, and investigated some of their properties with proofs and suitable
illustrations.

Concepts like size, order, degree, total degree, neighborhood degree and
closed neighborhood degree of vertex in a single valued neutrosophic graph
are introduced, along with theoretical analysis and examples, by Broumi al. in
[24]. In addition, Broumi et al. [25] introduced the concept of isolated single
valued neutrosophic graphs. Using the concepts of bipolar neutrosophic sets,
Broumi et al. [32] also introduced the concept of bipolar single neutrosophic
graph, as the generalization of the bipolar fuzzy graphs, N-graphs,
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intuitionistic fuzzy graph, single valued neutrosophic graphs and bipolar
intuitionistic fuzzy graphs. Same authors [33] proposed different types of
bipolar single valued neutrosophic graphs, such as bipolar single valued
neutrosophic graphs, complete bipolar single valued neutrosophic graphs,
regular bipolar single valued neutrosophic graphs, studying some of their
related properties. Moreover, in [26, 27, 28], the authors introduced the
concept of interval valued neutrosophic graph as a generalization of fuzzy
graph, intuitionistic fuzzy graph and single valued neutrosophic graph, and
discussed some of their properties with examples.

The aim of this paper is to prove a necessary and sufficient condition for an
interval valued neutrosophic graph to be an isolated interval valued
neutrosophic graph.

2 Preliminaries

In this section, we mainly recall some notions related to neutrosophic sets,
single valued neutrosophic sets, fuzzy graph, intuitionistic fuzzy graph, single
valued neutrosophic graphs and interval valued neutrosophic graph, relevant
to the present work. See especially [2, 9, 10, 22, 23, 26] for further details and
background.

Definition 2.1 [9]

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: Tp(x),
[5(%), Fao(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< TA(X)+ IA(X)+ FA(X)S 3+ (1)
The functions T, (x), [5(X) and F4 (x) are real standard or nonstandard subsets
of 170,17
Since it is difficult to apply NSs to practical problems, Wang et al. [10]

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 [10]

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 the truth-
membership function T, (x), an indeterminacy-membership function [, (x),

Critical Review. Volume XIII, 2016



70 Said Broumi, Assia Bakali, Mohamed Talea, Florentin Smarandache

An Tsolated Interval valued neutrosophic graphs

and a falsity-membership function F, (x). For each point x in X, Ty (x), [5(%),
Fao(x) € [0, 1]. ASVNS A can be written as

A= {<x: TA(9, Ia(x), FA(x)>, X € X} 2)
Definition 2.3 [2]

A fuzzy graph is a pair of functions G = (o, ) where o is a fuzzy subset of a non-
empty set Vand p is a symmetric fuzzy relation on o,i.e. 6:V—[0,1] and p:
VxV —[0,1] such that p(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 and p is called the fuzzy edge set of E.

0.1 0.3
E 0.1 !

= !
c [S)

0.1
0.4 0.2

Figure 1. Fuzzy Graph.
Definition 2.4 [2]

The fuzzy subgraph H = (t, p) is called a fuzzy subgraph of G = (o, p) if 1(u) < o(u)
forall u € V and p(u, v) < p(u, v) forallu,veV.

Definition 2.5 [22]

An intuitionistic fuzzy graph is of the form G = (V, E), where:

I. V={v,, v,,...., vy} such that u;: V- [0,1] and y;: V — [0,1] denote the
degree of membership and nonmembership of the element v; € V,
respectively, and 0 < py(v;) + y1(vy)) < 1 foreveryv; eV, (i=1, 2, ..,

n);

ii. E < VxVwhere u,: VXV-[0,1] and y,: VxV—- [0,1] are such that
Ha(Vi, Vi) <min [pg (vi), pa(vj)]and vz (vi, vj) = max [y (vi), v1(vj)] and
0 < pz(vi, vj) + y2(vy, vj) < 1 forevery (vi, vj) € E, (i,j=1,2, ..., n).
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Figure 2. Intuitionistic Fuzzy Graph.
Definition 2.5 [23]

Let A=(T,, Iy, F,) and B = (T, Ig, Fg) be two single valued neutrosophic sets on
aset X. If A=(T,, I4, F4) is a single valued neutrosophic relation on a set X, then
A = (T4, 14, F,) is called a single valued neutrosophic relation on B = (Ty, I, Fp)
if

Tp(x, y) < min(Ta(X), Ta(y)), (3)

Ig(x, y) = max(I5(X), 1a(¥)), (4)

Fp(x, y) = max(FpX), Fa(Y)), (5)
forall 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(yl X) and TB(XI y) = TB(yl X)! IB(X! y) = IB(y’ X)
and Fg(X, y) = Fg(y, X), for all x, y € X.

Definition 2.6 [23]

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(vy) + 1a(vy) +Fa(v;) <3 (6)
forall v, eV (i=1,2,...n).

2. The functions Tz:ESV XV -[0,1], [;FzEESV XV -[0,1]and Fzg: EC V X
V -0, 1] are defined by:

Tg({v;, v;}) < min [Ty (v;), T4(v))], (7)
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Ig({v, v;}) = max [Ly(vy), La(vp)], (8)

Fg({vi, vj}) = max [F4(v;), F4(v))], 9
denoting the degree of truth-membership, indeterminacy-membership and falsity-
membership of the edge (v;, v;) € E respectively, where:

0< Tp({vi, v}) + Ig({vi, v D+ Fe({v;, v;}) <3 forall {v;,v;} €E (i,

j=1,2,...,n) (10)
We have A - the single valued neutrosophic vertex set of V, and 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, v;) < min [Ty (vy), Ta(v)], (11)
Ig(v;, vj) = max [Iy(vy), [y (v))], (12)
Fg (v, v;) = max [F4(v;), Fa(vj)], (13)

forall (v;,v;) €E.

(0.5,0.1,0.4)

(0.6,0.3,0.2)
(0.5,0.4,0.5)
v,
) =
C3 1
e} 0
o o
< ~
e e
¥,
(0.2,0.4,0.5)
(0.40.2,0.5) (0.2,0.3,0.4)

Figure 3. Single valued neutrosophic graph.

Definition 2.7 [23]

A single valued neutrosophic graph G= (A, B) is called complete if:

Tg(vi, vj) = min [T (v;), Ta(vj)] (14)
Ig(vi, vj)) = max [I5(vy), 1a(vj)] (15)
Fg(vj, vj) = max [Fa(v;), Fa(vj)] (16)

for all v;, vj € V.
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Definition 2.8 [23]

The complement of a single valued neutrosophic graph G (A, B) on G*is a
single valued neutrosophic graph G on G*, where:

1.A=A (17)

2. Ta(vi)= Ta(v1), Ta(vi)=1a(V1), Fa(vi) = Fa(vy), (18)
forallv; €V.

3. Tg(vy, vj)=min [Ta(vi), Ta(v;)] — Te(vi, vj), (19)

Ig(vi, vi)= max [Ia(vi), 1a(v;)] —Ia(vi,vj), (20)

Fp(vi, vj)= max [Fa(v}),Fa(vj)] —Fs(vi,vj), (21)

for all (v;, vj) € E.
Definition 2.9 [26]

By an interval-valued neutrosophic graph of a graph G* = (V, E) we mean a pair
G = (A, B), where A = < [Tay, Taul, [IaL, Iaul, [FaL, Fay]> is an interval-valued
neutrosophic set on V and B =< [Ty, Tgyl, [Ig, Igul, [FeL, Fgy]> is an interval
valued neutrosophic relation on E, satisfying the following condition:

1. V = {vy, vy ,.., vy} such that Ty :V—=[0, 1], Tay:V—=10, 1], [4:V—=[0,
1], [ay:V=[0, 1] and F4;:V—>[0, 1], Foy:V—[0, 1], denoting the degree of truth-
membership, the degree of indeterminacy-membership and falsity-member-
ship of the element y € V, respectively, and:

0< Ta(vy) + a(vi) +Fa(vy) <3, (22)
forall v; €V (i=1, 2, ...n)

2. The functions Tg:VxV =[0, 1], Tgy:VxV =[0, 1], [g:VxV =[0, 1], Igy:Vx
V —-[0,1] and Fg;:VxV —[0,1], Fgy:VxV —[0, 1] are such that:

TeL({vi, vj}) < min [Ty, (vi), TaL(vj)], (23)
Tey({vy, vj}) < min [Tay(vi), Tau(vj], (24)
IgL({vi, vj}) = max([lgy, (v;), IgL(vj)], (25)
Igu({vi, vj}) =2 max(lgy(vi), Igy (vj)], (26)
FpL({vi, vj}) =2 max[Fp(v;), Fpr(vj)], (27)
Fgu({vi, vj}) = max[Fgy(vi), Fgy(vj)], (28)

denoting the degree of truth-membership, indeterminacy-membership and
falsity-membership of the edge (v;, v;) € E respectively, where:
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0< Tg({vi, vj}) + Is({vi, viD+ Fg({v;, vj}) <3,
forall {v;,v;} €E(ij=1,2,..,n).

We have A - the interval valued neutrosophic vertex set of V, and 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
(vj, v;) for an element of E. Thus, G = (A, B) is an interval valued neutrosophic

graph of G*= (V, E), if:
Tgr,(vi, vj) < min [Tay,(vi), TarL(vj)],
Ty (vi, vj) < min [Tay(vy), Tau(vj)],
IpL(Vi, vj) = max [Igy, (vy), gL (Vj)],
Igy (v, vj) = max [Igy(vy), Igy(vj)],
FpL (v, vj) = max [Fgy,(vy), Fpr(vj)],
Fgy(vi, vj) = max [Fgy(vi), Fgy(v))],

for all (Vi,Vj) €E.

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

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

Figure 4. Interval valued neutrosophic graph.

Definition 2.10 [26]

The complement of a complete interval valued neutrosophic graph G = (A, B)
of G*= (V, E) is a complete interval valued neutrosophic graph G= (A, B) =

(A, B) on G*= (V, E), where:
1.V=V
2. Tap(vi)= TaL(vp),
Tau (V)= Tau Vi),
TaL (V)= Tan (),

E(Vi): Lau(vi),

(29)

(30)
(31)
(32)
(33)
(34)
(35)

(36)
(37)
(38)
(39)
(40)
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FaL(vi) = FaL(vi), (41)
Fau(vi) = Fau(vi), (42)
forall v; € V.
3. T (vi, vj)= min [Tap, (vy), Tar(vi)] — Tar(vi, v;), (43)
Teu(vi, vj)= min [Tay(vi), Tau (v;)] — Teu(vi, vj), (44)
Tgp. (vi, vi)= max [IaL (vi), Iar(v;)] — Isw(vi, vj), (45)
Ty (vi, vi)= max [Iay (vp), Iau(vj)] — Igu(vi vj), (46)
FpL(vi, vj))= max [Fap(vi), FaL(v;)] — FaL(vi,vj), (47)
Feu(vi, v))= max [Fau(vi), Fau(vj)] — Feu(vi, vj), (48)

for all (v;, v;) € E.

Definition 2.11 [26]

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

TgL (v, vj) = min(Tay, (vi), Tar(v)), (49)
Ty (vi, vj) = min(Tay(v;), Tau(v)), (50)
Igr (vi, vj) = max (I (vy), [a(v})), (51)
Igy (vi, vj) = max (Iay (vi), lau(v))), (52)
FpL(vi, vj) = max (Fa(vy), Fa(v))), (53)
Fgy (vi, Vj) =max (Fay(vi), FAU(Vj))' (54)

for all v;, v; EV.

3 Main Result

Theorem 3.1:

An interval valued neutrosophic graph G = (A, B) is an isolated interval valued
neutrosophic graph if and only if its complement is a complete interval valued
neutrosophic graph.

Proof

Let G= (A, B) be a complete interval valued neutrosophic graph.

Therefore:
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Tgr(vi, vj) = min(Tar, (vi), Tar(vj)),

Ty (vi, vj) = min(Tay(vi), Tau (v)),

Igr(vi, vj) = max (Ia,(vi), [aL(v)),

Igy(vi, vj) = max (Iay(vi), Lau(v))),

FpL (v, vj) = max (Far(vy), Far(v))),

Fgy(vi, vj) = max (Fay(vi), Fau(v))),
for all v;, vj V.
Hence in G,

Ter (Vi, vi)= min(Tap, (vi), TaL(v})) — Ter (i, v)
foralli,j, .., n.

= min(Tay, (vi), Tar(vj)) — min(TaL (), Tar(vj))

for alli,j, .., n.

foralli,j, .., n.

Ty (vi, vj)= min(Tay (vi), Tay (v)) — Teu (v, v;)
foralli,j, .., n.

= min(Tay (v;), Tay(vj)) — min(Tay (i), Tay(¥j))

foralli,j, .., n.

for alli, j, ..., n.
And:

Tp,(vi, vj)= max(Ia;, (vi), Ia (V) — Ipr(Vi, v;)
for alli, j, ..., n.

= max(IaL(vi), Ian(v)) — max(Ia;(vi), IAL(Vj))
foralli,j, .., n.

=0
foralli,j, .., n.

Ty (vi, v))= max(Iay (vi), Lau (v§)) — Igu (Vi, V)
for alli, j, ..., n.

= max(Iay(vi), lay(vj)) — max(Iay(vi), lay(vj))

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)
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foralli,j, .., n.

=0 (72)
foralli,j, .., n.
Also:

Fpp.(vi, vj)= max(Far,(vy), Far(v})) — FpL (v, v;) (73)
foralli,j, .., n.

= max(Fa(vi), FaL(vj)) — max(FaL(vi), Far(v})) (74)
foralli,j, .., n.

=0 (75)
foralli,j, .., n.

Fpy(vi, vi)= max(Fay (vi), Fau (vj)) — Feuy(vi, vj) (76)
foralli,j, .., n.

=max(Fay(vi), Fay(vj)) — max(Fay(vi), Fau(v))) (77)
foralli,j, .., n.

=0 (78)
foralli,j, .., n.
Thus,
(i TBL(Vir Vj)' TBU(Vi» Vj)]' [TBL(Vir Vj)' TBU(Vi' Vj)]r [ FBL(Vi' Vj)' FBU(Vi' Vj)]) =

= ([0, 0], [0, 0], [0, OD). (79)

Hence, G = (4, B) is an isolated interval valued neutrosophic graph.

4 Conclusions

In this paper, we extended the concept of isolated single valued neutrosophic
graph to an isolated interval valued neutrosophic graph. In future works, we plan
to study the concept of isolated bipolar single valued neutrosophic graph.
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