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Abstract : The single valued neutrosophic graph is a new version of graph theory presented recently as
a generalization of fuzzy graph and intuitionistic fuzzy graph. The single valued neutrosophic graph
(SVN-graph) is used when the relation between nodes (or vertices) in problems are indeterminate. In
this paper, we examine the properties of various types of degrees, order and size of single valued
neutrosophic graphs and a new definition for complete single valued neutrosophic graph and regular
single valued neutrosophic graph is given.
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1. Introduction

Neutrosophic set proposed by Smarandache [12, 13] is a powerful tool to deal with incomplete,
indeterminate and inconsistent information in real world. It is a generalization of the theory of
fuzzy set [17], intuitionistic fuzzy sets [22], interval-valued fuzzy sets [19] and interval-valued
intuitionistic fuzzy sets [23], then the neutrosophic set is characterized by a truth-membership
degree (t), an indeterminacy-membership degree (i) and a falsity-membership degree (f)
independently, which are within the real standard or nonstandard unit interval ]0, 1°.
Therefore, if their range is restrained within the real standard unit interval [0, 1], the
neutrosophic set is easily applied to engineering problems. For this purpose, Wang et al. [15]
introduced the concept of a single valued neutrosophic set (SVNS) as a subclass of the
neutrosophic set. The same authors introduced the notion of interval valued neutrosophic sets
[16] as subclass of neutrosophic sets in which the value of truth-membership, indeterminacy-
membership and falsity-membership degrees are intervals of numbers instead of the real
numbers. neutrosophic sets and its extensions such as single valued neutrosophic sets, interval
neutrosophic sets, simplified neutrosophic sets and so on have been applied in a wide variety
of fields including computer science, enginnering, mathematics, medicine and economic [1, 2,
3,7,8,11, 12,13, 14, 18, 20, 28, 29, 30].

Lots of works on fuzzy graphs and intuitionistic fuzzy graphs [4, 5, 6, 25, 26] have been
carried out and all of them have considered the vertex sets and edge sets as fuzzy and /or
intuitionistic fuzzy sets. But, when the relations between nodes(or vertices) in problems are
indeterminate, the fuzzy graphs and intuitionistic fuzzy graphs are failed. For this purpose,
Smarandache [10] have defined four main categories of neutrosophic graphs, two based on
literal indeterminacy (I), 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 [31, 32]. The two others graphs are
based on (t, 1, f) components and called them; The (t, i, f)-edge neutrosophic graph and the (t,
1, f)-vertex neutrosophic graph, these concepts are not developed at all. Later on, Broumi et al.
[27] introduced a third neutrosophic graph model combined the (t, i, f)-edge and and the (t, i,
f)-vertex neutrosophic graph 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 intuitionistic fuzzy graph. This



paper introduces a degree of a vertex, an effective degree, a neighborhood degree of a vertex and a
closed neighborhood degree of a vertex in single valued neutrosophic graph. In addition, this paper
introduces a regular single valued neutrosophic graph. Finally, this paper investigates some of their
results.

2. Preliminaires

We present some known definitions and results for ready reference to go through the work
presented in this paper.

Definition 2.1 [5]: An intuitionistic fuzzy graph (IFG) is of the form G= (V, E) where

1.V= {v;,v, ,...,v,} such that p;:V-[0, 1] and y;:V—-[0, 1] denotes the degree of
membership and non-membership of the element v; € V, respectively, and

0< w1 (vy) +y1(v;y) <I forevery v; €V (i=1, 2, ...,n) (1)
2.ES VxVwhere u,:VxV-[0,1]and y,:V x V =3[0, 1] are such that
Uz (v, vj) < min [py (V;), 1y (V)] (2)
Y2V, vj) = max[y, (v;), v1(v))] (3)
0< py (v, vj) +v2(vi,vj) <1 forevery (vi,v;) €EE(,j= 1,2,...,n) (4)

Definition 2.2 [27] A single valued neutrosophic graph (SVN-graph) is of the form G= (V, E)
where
1.V= {v; ,v, ,... ,v,} such that T;:V-[0, 1], [;:V—>[0, 1] and F;:V—-[0, 1] denotes the
degree of truth-membership, degree of indeterminacy-membership and falsity-membership of
the element v; € V, respectively, and

0<Ty(v;) + L1(v;) +F; (v;) <3 forevery v; €V (i=1, 2, ...,n) (5)
2.EC€ VxVwhere T,:VxV —=[0, 1], ,:VxV —>[0, 1] and F,:V x V =3[0, 1] are such that
To(vi,v)) < min [Ty(vy), Ti(vp)], L(vy,v) = max[ly(v;), L(vy)] and F(v,v;) =
max[F; (v;), F;(v;)] and
0< T, (vy, vj) + (v, v))+ Fp(v,v) <3 forevery (v, v;)) €EE(G,j= 1,2,...,n)  (6)

Definition 2.3 [27]: A SVN-graph H = ( V', E’) is said to be a single valued neutrosophic
subgraph (SVNSG) of the SVWNG G=(V,E) if V' €V and E’ € E . In other words, if T};
< Ty, ly; =y, Fy; = Fyfor everyi,j=1,2......... n. and Tzu < Ty, Izu = Iy, qu >
Fy;j for everyi,j=1,2......... n (7)

Definition 2.4 [27]: A single valued neutrosophic graph is complete if T,;;= min (Ty;, Ty;)
and I;j= max (Iy;, ;) and Fp;j=max (Fy;, Fy;) forall (v;,v;) €E. (8)

The example of a single valued neutrosophic and complete single valued neutrosophic graph
with four vertices is given in the Figure 1 and Figure 2.
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Fig. 1 Single valued neutrosophic graph ~ Fig. 2 complete Single valued neutrosophic graph

3. Vertex Degree
Degree of a vertex of a single valued neutrosophic is defined below

Definition 3.1: Let G = (V, E) be a SVN-graph. The ordinary degree( simply degree) of a
vertex v in G, denoted by d(v) is defined as d(v) = (dr(v), d;(v), dg(v)), where

dr(v) = Yyuszv T2 (u, v) denotes the T- degree of a vertex v.

d;(v) = Yuzv I (u, v) denotes the I- degree of a vertex v.

dr (V) = Yusv Fo (u, v) denotes the F- degree of a vertex v.

Definition 3.2: The minimum degree of G is 8(G) = (81(G), 6;(G), 8g(G)), where
0= A {dt(v) | v € V} denotes the minimum T- degree.

6= A {d;(v) | v € V} denotes the minimum I- degree.

0= A\ {dp(v) | v € V} denotes the minimum F- degree.

Definition 3.3: The maximum degree of G is A(G) = (A1(G), A(G), Ag(G)),where
Ar=V{dr(v) | v € V} denotes the maximum T- degree.

A=V {d;(v) | v € V} denotes the maximum I- degree.

Ag=V {dp(v) | v € V} denotes the maximum F- degree.

Example 3.4: Consider a SVN-graph G= (V, E), such that V={v,, v,, v3, v, }and E={(v,, v,),
(V27 V3): (V39 V4—): (V4-: Vl)}
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Fig. 3.degree vertex of single valued neutrosophic graph

By usual computation, we have the degrees for all vertices:
d(v4)=(0.8,0.8, 1.8)  d(v,)=(0.6, 0.5, 1.4)
d(v3)=(0.6,1,1.9)  d(v,)=(0.4,0.7, 1.1)

And the minimum degree, the maximum degree of G are
6(G)=(04,0.5,1.1) A(G)=(0.8,1,1.9)

Proposition 3.5: In any single valued neutrosophic graph G=(V, E), the sum of the degree
of  truth-membership value of all vertices is equal to twice the sum of the truth-
membership value of all edges, the sum of the degree of indeterminacy- membership value
of all vertices is equal to twice the sum of the indeterminacy-membership value of all
edges and the sum of the degree of falsity-membership value of all vertices is equal to
twice the sum of the falsity-membership value of all edges.



) d(‘;i): [Xdr(vi), Zdi(vi) , Zdp(vi)]= [2 Xuww T2 (W, 1), 2 Xy 2 (W, V), 2 Xy F2 (0, v)] (9)
proof:

Let G=(V, E) be a SVN-graph where V={vy,vy,........ vy}
2dW) =[Xdr(vy), 2 d;(vp) , Xdp(v)] = [(dr(ve), d;(v1), dp(v))+ (dr(v2), d;(v2),
dp(vo))+... 7 (dr(vp), d;(vy), dp(vy))]

=[(T2(v1, v2), Ir(vq, v2), Fo(vy, v2)) + (To(vy, v3), [5(vq, V3), F2(vyq, V3))

too H(To(vy, Vi), (v, Vi), Fo(ve, va))+ (T2(v2, V1), (v, vq), Fo(v2, vy)) +
(T2(v2, v3), I3(v2, v3), Fo (v, v3)) +...... +H(T5(v2, Vn), Ir(V2, V), Fo(v2, vy))+
(TZ(Vny Vl)v Iz(Vn: Vl): FZ(an Vl)) + (TZ(Vna Vz), Iz(Vna Vz), FZ(Vna VZ))

toon +(T2(Vn—1v Vn)v IZ(Vn—lv Vn)v FZ(Vn—lv Vn)) ]

=2[(T2(vq, v2), I3 (vq, v2), F2(vq, Vo)) + (T2(vq, V3), I5(vq, v3), F5(vq, v3))
o +(T2(V1’ Vn)’ 12(V1, Vn)’ F2 (Vla Vn))]

Z[2X 00 T (W), 2 Y yew b (W, v), 2 Y ys Fo (w, v)]. Hence the proof.

Proposition 3.6: The maximum degree of any vertex in a SVN-graph with n vertices is n-1.
Proof:

Let G=(V, E) be a SVN-graph. The maximum truth-membership value given to an edge is
1 and the number of edges incident on a vertex can be at most n-1. Hence the maximum
truth- membership degree dr(v;) of any vertex v; in a SVN-graph with n vertices is n-1.
Similarly, the maximum indeterminacy —membership value given to an edge is 1 and the
number of edges incident on a vertex can be at most n-1. Hence the maximum
indeterminacy- membership degree d;(v;)

Also, the maximum falsity-membership value given to an edge is 1 and the number of edges
incident on a vertex can be at most n-1. Hence the maximum falsity-membership degree
dr(v;) of any vertex v; in a SVN-graph with n vertices is n-1. Hence the result.

4.Effective Degree

Definition 4.1: An edge ¢ = (v, w) of a SVN-graph G = (V, E) is called an effective edge
if Ty(v, w)= Ty(v) A Ty(w), (v, w)= 1;(v) V I;(w) and F,(v, w)= F{(v) VF{(w) for all (v,
w) € E. In this case, the vertex v is called a neighbor of w and conversely.

N(v) ={ w € V:wis aneighbor of v} is called the neighborhood of v.

Example 4.2. Consider a SVN-graph G= (V, E), such that V={v,, v,, v, v, }and E={(v;, v,),
(V2 V3), (V3, Va), (V4, V1) }
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Fig. 4. Single valued neutrosophic graph



In this example, v4v; and v,vs are effective edges. Also N(v,) ={ vy, v3}, N(v3)={ v,},
N(vy) ={Vv4}, N(vy) = 0 (the empty set).

Definition 4.3: The effective degree of a vertex ‘v’ in G is defined by dg(v) = (dgt(Vv), dg;
(v), dgr(v)) where dgp(Vv) is the sum of the truth-membership values of the effective edges
incident with v, dg;(v) is the sum of the indeterminacy-membership values of the effective
edges incident with v and dgg(v) is the sum of the falsity-membership values of effective
edges incident with v.

Definition 4.4: The minimum effective degree of G is 8g[G]= (6gr[G], 8g1[G], Ogr[G]) where
Opr[G]= A{dgt[Vv] |[v € V} denotes the minimum effective T- degree.

Or1[G]= A{dg[v] | v € V} denotes the minimum effective I- degree.

Ogr|G]= A{dgg[Vv] | v € V} denotes the minimum effective F- degree.

Definition 4.5: The maximum effective degree of G is Ag[G]= (Agr[G], Agi[G], Agr[G])
where

Agt[G]= V{dgr[v] |v € V} denotes the maximum effective T- degree.

Agi[G]=V{dg[v] | v € V } denotes the maximum effective I- degree.

Agr[G]= V{dgg[v] | v € V} denotes the maximum effective F- degree.

Example 4.6: Consider a SVN-graph as in Figure 3. By usual computation, we have the
effective degrees for all vertices

dg(v,)=(0, 0, 0) dg (v,)=(0.2,0.3,0.7)
dE (V3):(0.2, 03, 07) dE (V4_):(0, 0, 0)
85(G) = (0, 0, 0) Az (G)=(02,0.3,0.7)

Here v,v3 is only effective degree.
Note: dz(v;)=(0, 0, 0) means that there is no effective edge incident on v, .
Now, we can defined the neighborhood concept in SVN-graph as analogue of intuitionistic
fuzzy graph.
5.Neighbourhood Degree
Definition 5.1: Let G =(V, E) be a SVN-graph. The neighbourhood of any vertex v is
defined as N(v)= (Nt(v), N;(v), Ng(v)) where

Nt (v)={Ty(v, w)= T;(v) A Ty(w);w € V } denotes the neighbourhood T- vertex.
Ni(v)= {I,(v, w)= I;(v) V [;(w); w € V} denotes the neighbourhood I- vertex.

Nr(v)= {F,(v, w)= F{(v) V Fi(w); w € V } denotes the neighbourhood F- vertex.

and N[v]= N(v) U{v} is called the closed neighbourhood of v.

Definition 5.2: Let G=(V, E) be a single valued neutrosophic graph (SVN-graph). The
neighbourhood degree of a vertex ‘v’ is defined as the sum of truth-membership,
indeterminacy- membership and falsity-membership value of the neighbourhood vertices of v
and is denoted by

dn(v) = (dnr(v), dni(v), dyp(v)) where

dnT(V) = Zwe nev) T1 (W) denotes the neighbourhood T- degree.

dni (V) = Zwe n(v) [1 (W) denotes the neighbourhood I- degree.

dnr(v) = Xwe nv) F1(W) denotes neighbourhood F- degree.

Definition 5.3: The minimum neighbourhood degree is defined as

8n(G) = (6nt(G), Sni(G), dnr(G)) where

Ont(G) = A{dnt(V) [v € V} denotes the minimum neighbourhood T- degree.

On1(G) = A{dyni(v) | v € V } denotes the minimum neighbourhood I- degree.

Onr(G) = A{dyp(V) | v € V} denotes the minimum neighbourhood F- degree.

Definition 5.4: The maximum neighbourhood degree is defined as

An(G) = (AnT(G), Ani(G), Anp(G)) where

Ant(G) =V{dnr(V) |[v € V} denotes the maximum neighbourhood T- degree.



Ani(G) =V{dyi(v) | v € V } denotes the maximum neighbourhood I- degree.
Anp(G) = V{dnr(v) | v € V} denotes the maximum neighbourhood F- degree.

Example 5.5: Consider a SVN-graph as in Figure 2. By usual computation, we have the
neighbourhood degrees for all vertices, minimum and maximum neighbourhood degrees

dy(vy)= (1.9, 0.4,0.8) dy(¥,)=(2,0.5,0.7)
dn(vs)= (2.1,0.6 ,0.7)  dn(v,)= (1.8, 0.6 ,0.8)
Sn(G)=(1.8,0.4,0.7) An(G)=(2.1,0.6 ,0.8)

Definition 5.6: A vertex v € V of SVN-graph G= (V, E) is said to be an isolated vertex if
T, (v, vj) = (v, v;) = F,(v;,v;) =0 Forallv € V, v; #v; thatis N(v) = @ (the empty
set).

Definition 5.7: Let G= (V, E) be a single valued neutrosophic graph (SVN-graph). The closed
neighbourhood degree of a vertex ‘v’ is defined as the sum of truth-membership,
indeterminacy- membership and falsity-membership value of the neighbourhood vertices of v
and including truth-membership, indeterminacy- membership and falsity-membership value of
v, and is denoted by dy[v] =(dyt[V], dni[V], dng[V]) Where

dnr[v]= Xwe nw) Tr (W)+T; (v) denotes the closed neighbourhood T- degree.

dni[v] = Xwe nw) 1 (W)+]; (V) denotes the closed neighbourhood I- degree.

dne[V]= Xwe nev) F1 (W)+F; (V) denotes the closed neighbourhood F- degree.

Definition 5.8: The minimum closed neighbourhood degree is defined as

8n[G]= (8nt[G], 6ni[G], Snp[G]) where

Ont[G]= A{dnt[V] [V € V} denotes the minimum closed neighbourhood T- degree

Oni[G]= A{dni[v] | v € V } denotes the minimum closed neighbourhood I- degree

Onr[G]= A{dng[V] | v € V} denotes the minimum closed neighbourhood F- degree
Definition 5.9: The maximum closed neighbourhood degree is defined as

An[G]= (AnT[G], Ani[G], Ang[G]) where

Ant[G]= V{dnT[V] [V € V} denotes the maximum closed neighbourhood T- degree
Ani[G]=V{dni[v] | v € V } denotes the maximum closed neighbourhood I- degree
Ane[G]=V{dnr[v] | v € V} denotes the maximum closed neighbourhood F- degree

6. Regular single valued neutrosophic graph.

Definition 6.1: A single valued neutrosophic graph G = (V, E) is said to be regular single
valued neutrosophic graph (RSVN-graph), if all the vertices have the same closed
neighbourhood degree. (i.e) if On7[G] = AnT[G], Oni[G] = Ani[G] and Syg[G] = Ang[G]

Example 6.2: Consider a SVN-graph as in Figure 2. By usual computation, we have the closed
neighbourhood degrees for all vertices, minimum and maximum neighbourhood degrees
dy[v1] =dy[v,] =dy[v3]=dy[vs] = (2.6,0.7, 1)

On[G] =AN[G] =(2.6,0.7, 1)
It is clear from calculation that G is regular single valued neutrosophic graph (RSVN-graph).
Theorem 6.3: Every complete single valued neutrosophic is a regular single valued
neutrosophic graph

Proof:

Let G = (V, E ) be a complete SVN-graph then by definition of complete SVN-graph we
have

To(v, w)=Ty(v) ATy (w), Li(v,w)=1L()V IL(w)and F, (v, w)=F;(v)V F;(w) for every
v,WE V.



By definition, the closed neighbourhood T-degree of each vertex is the sum of the
truth-membership values of the vertices and itself, the closed neighbourhood I-degree of
each vertex is the sum of the indeterminacy- membership values of the vertices and itself
and the closed neighbourhood T-degree of each vertex is the sum of the falsity-membership
values of the vertices and itself, Therefore all the vertices will have the same closed
neighbourhood T- degree, closed neighbourhood I-degree and closed neighbourhood F -
degree. This implies minimum closed neighbourhood degree is equal to maximum closed
neighbourhood degree (i.e) Syt[G]= Ant[G], Oni[G]= Ani[G] and Syg[G]= Anp[G]. This
implies G is a regular single valued neutrosophic graph. Hence the theorem.

7.0rder and size of single valued neutrosophic graph
In this section we introduce the definition of order and size of a single valued neutrosophic
graph which are an important terms in single valued neutrosophic graph theory.

Definition 7.1: Let G =(V, E) be a SVN-graph. The order of G, denoted O(G) is
defined as O(G)=(07(G), 0,(G), 0x(G)), where

07 (G)= Y ,ey Ty (V) denotes the T- order of G.

0,;(G)=Y.yey I; (v) denotes the I- order of G.

0r(G)= Y ey F; (v) denotes the F- order of G.

i.e. the order of G means also the number of vertices (or the cardinality of V).

Definition 7.2: Let G =(V, E) be a SVN-graph. The size of G, denoted S(G) is defined as
S(G) = (Sr(G), $;1(G), Sp(G)), where

S7(G)= Y uzv To (u, v) denotes the T- size of G.

S1(G)= Y uzv Iz (u, v) denotes the I- size of G

Sp(G)= Y= F, (u, v) denotes the F- size of G

1.e. The size of G means also the number of edges (or the cardinality of E ).

Example 7.3: Consider a SVN-graph as in Figure 3. O (G) = (2, 0.7, 2.1), S (G) = (1.2, 1.5,
3.1)
Proposition 7.4: In a complete single valued neutrosophic graph G=(V, E), the closed
neighbourhood degree of any vertex is equal to the order of single valued neutrosophic graph
(i€) Or(6)=(dyrlv] |V € V), 0(6)= (di[v] | v & V) and O ()= eelv] [ vEV)

roor:
Let G = (V, E) be a complete single valued neutrosophic graph. The T-order of G, O;(G) is
the sum of the truth-membership value of all the vertices, the I-order of G, 0;(G) is the sum
of the indeterminacy- membership value of all the vertices and the F-order of G, Og(G) is the
sum of the falsity-membership value of all the vertices. Since G is a complete SVN-graph, the
closed neighbourhood T-degree of each vertex is the sum of the truth-membership value of
vertices, the closed neighbourhood I-degree of each vertex is the sum of the indeterminacy-
membership value of vertices and the closed neighbourhood F-degree of each vertex is the
sum of the falsity-membership value of vertices. Hence the result.

Conclusion

In this paper we have described degree of a vertex, order, size of single valued neutrosophic
graphs. The necessary and sufficient conditions for a single valued neutrosophic graph to be
the regular single valued neutrosophic graphs have been presented. Further, we are going to
study some types of single valued neutrosophic graphs such irregular and totally irregular
single valued neutrosophic graphs and bipolar single valued neutrosophic graphs.
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