Neutrosophic Sets and Systems, Vol. 11, 2016

74

W NSS

University of New Mexico . N

Isolated Single Valued Neutrosophic Graphs

Said Broumi,* Assia Bakali,> Mohamed Talea,® Florentin Smarandache*

13 Laboratory of Information processing, Faculty of Science Ben M’Sik, University Hassan II, B.P 7955, Sidi Othman, Casablanca, Morocco.
broumisaid78@gmail.com, taleamohamed@yahoo.fr

%Ecole Royale Navale-Boulevard Sour Jdid, B.P 16303 Casablanca, Morocco.
assiabakali@yahoo.fr

?Department of Mathematics, University of New Mexico,705 Gurley Avenue, Gallup, NM 87301, USA.
fsmarandache@gmail.com

Abstract: Many results have been obtained on isolated
graphs and complete graphs. In this paper, a necessary
and sufficient condition will be proved for a single valued

neutrosophic graph to be an isolated single valued
neutrosophic graph.
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1. Introduction

The notion of neutrosophic sets (NSs) was proposed by
Smarandache [8] as a generalization of the fuzzy sets [14],
intuitionistic fuzzy sets [12], interval valued fuzzy set [11]
and interval-valued intuitionistic fuzzy sets [13] theories.
The neutrosophic set is a powerful mathematical tool for
dealing with incomplete, indeterminate and inconsistent
information in real world. 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 use NS in real life applications,
Wang et al. [9] introduced the concept of the single-valued
neutrosophic set (SVNS), a subclass of the neutrosophic
sets. The same authors [10] introduced the concept of the
interval valued neutrosophic set (IVNS), which is more
precise and flexible than the single valued neutrosophic
set. The IVNS is a generalization of the single valued
neutrosophic set, in which the three membership functions
are independent and their value belong to the unit interval
[0, 1]. More works on single valued neutrosophic sets,
interval valued neutrosophic sets and their applications can
be found on http://fs.gallup.unm.edu/NSS/ [38].

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

If one has uncertainty regarding either the set of
vertices or edges, or both, the model becomes a fuzzy

graph. The extension of fuzzy graph [2, 4, 25] theory have
been developed by several researchers, e.g. vague graphs
[27], considering the vertex sets and edge sets as vague
sets; intuitionistic fuzzy graphs [3, 15, 26], considering the
vertex sets and edge sets as intuitionistic fuzzy sets;
interval valued fuzzy graphs [16, 17, 23, 24], considering
the vertex sets and edge sets as interval valued fuzzy sets;
interval valued intuitionistic fuzzy graphs [35], considering
the vertex sets and edge sets as interval valued
intuitionistic fuzzy sets; bipolar fuzzy graphs [18, 19, 21,
22], considering the vertex sets and edge sets as bipolar
fuzzy sets; m-polar fuzzy graphs [20], considering the
vertex sets and edge sets as m-polar fuzzy sets.

But, if the relations between nodes (or vertices) in
problems are indeterminate, the fuzzy graphs and their
extensions fail. For this purpose, Smarandache [5, 6, 7, 37]
defined four main categories of neutrosophic graphs; two
are based on literal indeterminacy (l), called: I-edge
neutrosophic graph and I-vertex neutrosophic graph,
deeply studied and gaining popularity among the
researchers due to their applications via real world
problems [1, 38]; the two others are based on (t, i, f)
components, called: (t, i, f)-edge neutrosophic graph and (t,
i, f)-vertex neutrosophic graph, concepts not developed at
all by now.

Later on, Broumi et al. [29] introduced a third
neutrosophic graph model, which allows the attachment of
truth-membership (t), 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 the single valued
neutrosophic graph (SVNG for short). The single valued
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neutrosophic graph is a generalization of fuzzy graph and
intuitionistic fuzzy graph. Also, the same authors [28]
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.
Recently, Broumi et al. [31, 33, 34] 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 proof and examples.

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

2. Preliminaries

In this section, we mainly recall some notions related to
neutrosophic sets, single valued neutrosophic sets, single
valued neutrosophic graphs, relevant to the present article.
See [8, 9] for further details and background.

Definition 2.1 [8]

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: Ty (x),
[5 (%), Fa(x)>, X € X}, where the functions T, I, F: X —
170,1°[ define respectively a truth-membership function, an
indeter-minacy-membership  function and a falsity-
membership function of the element x € X to the set A
with the condition:

0 <TA()+ [A()+ FA(0)=3". 1)

The functions T, (x), [5(x) and F,(x) are real standard
or nonstandard subsets of 170,1°.

Since it is difficult to apply NSs to practical problems,
Wang et al. [9] introduced the concept of SVNS, which is
an instance of a NS, and can be used in real scientific and
engineering applications.

Definition 2.2 [9]

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 a truth-membership
function T,(x), an indeterminacy-membership function
[, (%), and a falsity-membership function F,(x). For each
point x in X Ta(x), [,(x), FA(x) € [0, 1]. A SVNS A can
be written as

A= {< X TA(X), IA(X), FA(X)>, X € X} (2)
Definition 2.3 [29]

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], 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:

0= To(v) + Lo(vy) +Fa(vy) <3,

forall v; € V.

2. The functions Tg: ES VXV -[0,1], [[EES VXV
-[0, 1] and Fg: E € V x V [0, 1] are defined
by Tg (v, vj) < min [Ty(vy), Ta(v))], Ig(v;,v;) = max
[La(v), Lu(vj)] and  Fp(v;,v;) = max [Fu(vi), Fa(v))l,
denoting the degree of truth-membership, indeterminacy-
membership and falsity-membership of the edge (v;, v;) €
E respectively, where:

0< TB(vi! UJ) + IB(Ui'vj)+ FB(vi! U]) < 3,

forall (v;,v)) €E(i,j=1,2,...,n)
We call A the single valued neutrosophic vertex set of
V, and B the single valued neutrosophic edge set of E,
respectively.
(0.5,0.1,0.4)
(0.6,0.3,0.2)
(0.5,0.4,0.5)
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Figure 1: Single valued neutrosophic graph.

Definition 2.4 [29]

A partial SVN-subgraph of SVN-graph G= (A, B) is a
SVN-graph H = (' V', E’), such that:

-V cv,

where  To(v;) < Ta(vy),
Fa(vy), forall v; €V;

-E'CE,

[,(vi)) = Ip(vi), Fa(v) =

where T];(Vi,Vj) < TB(Vi,V]'), 1131] = IB(Vi,Vj), Fig(Vi,Vj) =
FB(Vi,V]'), for all (Vi V]) €E.

Definition 2.8 [29]

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

Tg(vi, vj) = min [Ta(v;), Ta(vj],

Ig(vi, vj) = max [I4(vi), Ta(vj],

Fp(vi, vj) = max [Fo(vi), Fa(vp],
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forall v;,v; € V. forall (u,v) EVX YV,
Definition 2.9 [29] Fp(u, v) = max(F,(w), Fy(v),

The complement of a single valued neutrosophic graph  hence G = (4, B) is a complete single valued neutrosophic
G (A, B) on G* is a single valued neutrosophic graph G on  graph. ~ B
G*, where: Conversely, let G = (4, B) be a complete single valued
_ neutrosophic graph
1. A =A= (Ty, L, Fa); phic grap

2. To(vi)= Ta(vy), [a(v)=1a(v}), Fa(v;) = Fa(vy), Tp(u, v) = min(TA(u), TA(U)).
forall v; € V. forall (u, v) € VX V.

Since
3. Ty(vi, v)= min [Ty (v), Ta (vj)] = Ta (v, v;), T(u, v) = min(T,(w), Ta(v)) — Tp(u, v),
ITa(Vi,Vj): max [IA(Vi)r IA(V]')] - IB(Vi'Vj) for all (u, v) e VX V,
and =Tg(u, v) —T5(u, V),
F_B(Vi,V]'): max [FA(Vi)J FA(V])] - FB(Vi,V]'), for all (U, V) € VX V,
for all (v, v;) €E. =0,
] forall (u, v) e VX V,
3. Main Result
Tg(u, v) = 0,
Theorem 3.1
. . . for all (u, v) € VX V.
A single valued neutrosophic graph G = (A, B) is an _
isolated single valued graph if and only if its complement Iz(u, v) = max(ly(u), [1(v)),
is a complete single valued neutrosophic graph. for all (u, v) € VX V.
Proof Since
Let G : (4, B) be a single valued neutrosophic graph, Ig(u, v) = max(ly(w), [;(v)) — I(u, v),

G= (A, B ) be its complement, and G : (A, B) be an for all (U, v) € VX V
isolated single valued neutrosophic graph. '

Then, =Ig(u, v) —I(u, v),

Tg(u, v) =0, forall (u,v) e VXV

Ig(u,v)=0 =0,
and forall (u,v) e VXV,

Fg(u,v) =0, Ig(u, v) = 0,
forall (u,v) e VX V. forall (u,v) e VX V.

Since Also,

Tp(u, v) = min (T, (w), To(v)) — Tp(u, V), Fp(u, v) = max(F,(w), Fy(v)),
forall (u,v) e VX V, forall (u,v) e VX V.

Since

Tp(u, v) = min(T,(w), Ty(v))
and

Ig(u, v) = max(l,(w), I, (v)) — Iz(u, v),
forall (u, v) € VX V,

Ig(u, v) = max(l, (w), I (v))

Fg(u, v) = max(Fy(w), Fa(v)) — F(u, V),
forall (u,v) e VXV,

=Fg(u, v) —Fp(u, v),
forall (u,v) e VXV

=0,
forall (u,v) e VXV

and
Fp(u, v) = max(F,(u), F4(v)) — Fg(u, V),
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Fg(u,v) = Oforall (u,v) VXV,

hence G = (A4, B) is an isolated single valued neutrosophic
graph.

4. Conclusion

Many problems of practical interest can be represented
by graphs. In general, graph theory has a wide range of
applications in various fields. In this paper, we defined for
the first time the notion of an isolated single valued
neutrosophic graph. In future works, we plan to study the
concept of an isolated interval valued neutrosophic graph.
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