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Abstract—The concept of single valued neutrosophic graphs
(SVNGs) generalizes the concept of fuzzy graphs and
intuitionistic fuzzy graphs. The purpose of this research paper is
to define different types of strong degrees in SVNGs and
introduce novel concepts, such as the vertex truth-membership,
vertex indeterminacy-membership and falsity-membership
sequence in SVNG with proof and numerical illustrations.
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I. INTRODUCTION

In [1], [3] Smarandache explored the notion of
neutrosophic sets (NS in short) as a powerful tool which
extends the concepts of crisp set, fuzzy sets and intuitionistic
fuzzy sets [2]-[6]. This concept deals with uncertain,
incomplete and indeterminate information that exist in real
world. The concept of NS sets associate to each element of the

set a degree of membership 77, (x) ,a degree of

indeterminacyl, (x)and a degree of falsity F,(x), in which
each membership degree is a real standard or non-standard
subset of the nonstandard unit 0, 1°[. Smaranadache [1], [2]
and Wang [7] defined the concept of single valued
neutrosophic sets (SVNS), an instance of NS, to deal with real
application. In [8], the readers can found a rich literature on
SVNS.

In more recent times, combining the concepts of NSs,
interval valued neutrosophic sets (IVNSs) and  bipolar
neutrosophic sets with graph theory, Broumi et al. introduced
various types of neutrosophic graphs including single valued
neutrosophic graphs (SVNGs for short) [9], [11], [14], interval
valued neutrosophic graphs [13], [18], [20], bipolar
neutrosophic graphs [10], [12], all these graphs are studied
deeply. Later on, the same authors presented some papers for
solving the shortest path problem on a network having single
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valued neutrosophic edges length [17], interval valued
neutrosophic edge length [32], bipolar neutrosophic edge
length [21], trapezoidal neutrosophic numbers [15], SV-
trapezoidal  neutrosophic  numbers [16], triangular
fuzzy neutrosophic [19].Our approach of neutrosophic graphs
are different from that of Akram et al. [26]-[28] since while
Akram considers, for the neutrosophic environment (<=, <=,
>=) we do (<=, >=, >=) which is better, since while T is a
positive quality, I, F are considered negative qualities. Akram
et al. include “I” as a positive quality together with “T”. So
our papers improve Akram et al.’s papers. After that, several
authors are focused on the study of SVNGs and many
extensions of SVNGs have been developed. Hamidi and
Borumand Saeid [25] defined the notion of accessible-SVNGs
and apply it social networks. In [24], Mehra and Manjeet
defined the notion of single valued neutrosophic signed
graphs. Hassan et al. [30] proposed some kinds of bipolar
neutrosophic graphs. Naz et al. [23] studied some basic
operations on SVNGs and introduced vertex degree of these
operations for SVNGs and provided an application of single
valued neutrosophic digraph (SVNDG) in travel time. Ashraf
et al. [22] defined new classes of SVNGs and studied some of
its important properties. They solved a multi-attribute decision
making problem using a SVNDG. Mullai [31] solved the
spanning tree problem in bipolar neutrosophic environment
and gave a numerical example.

Motivated by the Karunambigai work’s [29].The concept
of strong degree of intuitionistic fuzzy graphs is extended to
strong degree of SVNGs

This paper has been organized in five sections. In
Section 2, we firstly review some basic concepts related to
neutrosophic set, single valued neutrosophic sets and SVNGs.
In Section 3, different strong degree of SVNGs are proposed
and studied with proof and example. In Section 4, the concepts
of vertex truth-membership, vertex indeterminacy-
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membership and vertex falsity- membership is discussed.
Lastly, Section 5 concludes the paper.

II. PRELIMINAREIS AND DEFINTIONS

In the following, we briefly describe some basic concepts
related to neutrosophic sets, single valued neutrosophic sets
and SVNGs.

Definition 2.1 [1] Given the universal set { . A
neutrosophic set A on ( is characterized by a truth
membership function T, ,an indeterminacy membership
function [, and falsity membership function F,, where
Ty, l4,F4:0 =]°0,1 . For all x€ ¢, x=(x,T,(x), I;(x), Fs(x)) €
A is neutrosophic element of A.

The neutrosophic set can be written in the following form:

A= {<X:TA(X)' IA(x)' FA(x)>9 XE (} (1)
with the condition
0 < Ta(x) + I (x) + Fy(x) < 3% )

Definition 2.2 [7] Given the universal set{. A single
valued neutrosophic set A on (is characterized by a truth
membership function T, , an indeterminacy membership
function I, and falsity membership function F, ,
where Ty , Iy , F; : (= [0,1] . For all x €{, x=(x,
Ty(x), L,(x),F4(x)) € A is a single valued neutrosophic
element of A.

The single valued neutrosophic set can be written in the
following form:

A= {<xiTy (x),14(x), Fa(x)>, xE {} (3)
with the condition
0<Ty(x)+ 1,(x) + F4(x) <3 4)

Definition 2.3 [14] ASVN-graph G is of the form
G=(A,B) where A

1. A={vy,v,, ... v, }Such that the functions T,: A—~ [0,1],
I,:A—>[0, 1 ], F4:A—-[0, l]denote the truth-membership
function, an indeterminacy-membership function and falsity-
membership function of the element v; € A respectively and

0= ty(v)+ia(v)+fa(v;) <3V, €A
i=1,2,...n.

2.B={(v;,v;); (v;,v;) EAX A} and the function Tg:B—
[0,1],

I5:B =[0,1], Fz:B— [0, 1] are defined by

Tp(v;,vj) < min (T4 (v;), Ta(v))) (%)
Ig(v;,vj) = max(I,(vy), [, (v))) (6)
Fg (v, v;) Zmax(F(vy), F4(v))) (7

WhereTy, I, Fgdenotes the truth-membership function,
indeterminacy membership function and falsity membership
function of the edge (v;, v;)€ B respectively where

0< T (v, vp)+ Ig(vy, vj) +Fp (v, vy) <3 (®)
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v (vy,v;) € B,1,j€{1,2,...,n}
A is called the vertex set of G and B is the edge set of G.

The following Fig. 1 represented a graphical representation
of single valued neutrosophic graph.

(0.4.0.2.0.5 040205 (030203
V1 — A%
(0.1,0.4.0.5) (0.3.0.5,0.6)
‘_:"4 '\_:"3
020403 (020506  (03.0506)

Fig. 1. Single valued neutrosophic graph.

III. STRONG DEGREE IN SINGLE VALUEDNEUTROSOPHIC
GRAPH

The following section introduces new concepts and proves
their properties.
Definition 3.1 Given the SVN-graph G= (V, E). The T-

strong degree of a vertex Vv, €V is defined as

ds(T)(vi) = Z 7:] ,€; are strong edges incident at v, .
¢;€E
Definition 3.2 Given the SVN-graph G=(V, E).The I-

strong degree of a vertex Vv, €V is defined as

dyy(v)= Z I, ,e, are strong edges incident at V; .
g€k
Definition 3.3 Given the SVN-graph G=(V, E).The F-

strong degree of a vertex V, €V is defined as

dyp(v,) = Z F; e, are strong edges incident at v, .

€ ek

Definition3.4 Let G = (V,E) be SVNG. The strong degree

of a vertex v, el is as follow

d,(v,)= Z 7, Z 1, Z F; |, where e, are strong edge

€ ek € S92 [ S92

incident at V; .

Definition 3.5 Let G=(V, E) be a SVNG. The minimum
strong degree of G is defined as

é;(G) = (5S(T)(G)’ 5.;(1)(G)> é;(F)(G)

, Where

8.1)(G) = A{d,q)(v,)/ v, €V} is the minimum T-
strong degree of G.
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8, (@) =n{d,,(v)/v, eV} is the minimum I-
strong degree of G.

8, (@) =n{d, (V) v, eV} is the minimum F-
Strong degree of G.

Definition 3.6 Given the SVN-graph G=(V, E). The
maximum strong degree of G is defined as

AS(G) = (AS(T) G), AS(I) G), As(F) Q) ’

where

Ay (G) = v{dsm(vl.) /v, e V}is the maximum T-
strong degree of G.

Ay (G) = V{ds([)(vi) /v, e V} is the maximum I-
strong degree of G.

A (G) =v{d i (v))/ v, €V} is the maximum F-
Strong degree of G.

Definition 3.7 Let G be a SVNG, the T-total strong degree
of a vertex wv,elV in G is defined as

tds(T) (v) = ds(T) v)+T,

Definition 3.8 Let G be a SVNG, the I-total strong degree
of a wvertex in G is defined as v, eV

tds(l)(vi) = ds(l) v)+1;,

Definition 3.9 Let G be a SVNG, the F-total strong degree
of a  vertex vieV in G is  defined

tds(F) )= ds(F) (V) +E,

Definition 3.10 Let G be a SVNG, the total strong degree
of a vertex v, eV in G is defined as

td, (v,) =[ td, 7))ty (V)st oy (V) ]

Definition 3.11 Given the SVN-graph G=(V, E). The
minimum total strong degree of G is defined as

5ts (G)= (é;s(r) (G), 5m([) (G), é;s(F)(G))

, Where

Oy (G) = /\{dtS(T) (v)/v, e V} is the minimum T-
total strong degree of G.

S,(@)=A{d(v) /v, €V} is the minimum I
total strong degree of G.

8 (G) = A{d, (V)] v, €V} is the minimum F-
total strong degree of G.

Definition 3.12 Given the SVN-graph G = (V, E). The
maximum total strong degree of G is defined as:

AtS(G) = (AIS(T)(G)’ Ats([)(G)9 Ats(F)(G)) ,

where
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Ay (G) = V{dts(T)(Vi) /v, € V} is the maximum T-
total strong degree of G.

Ay (@)= {d, (v,) /v, €V} is the maximum I-
total strong degree of G.

Ayr(G) = v{dmm (v,)/v, e V} is the maximum F-
total strong degree of G.

Definition 3.13 Given the SVN-graph G=(V,E). The T-
strong size of a SVNG is defined as

T,
S S(T)(G) = Z ]:] where Y1is the membership of strong

ViFV;

e €k
edge Y .

Definition 3.14 Given the SVN-graph G=( V, E). The I-
strong size of a SVNG is defined as

S,n(G)= z I; where [, is the indeterminacy-
V%V,
membership of strong edge €, € E.

Definition 3.15 Given the SVN-graph G=(V, E). The F-
strong size of a SVNG is defined as

F,
S (G)= Z F}; where " 7 is the non-membership of

Vi #V;

ek

e.
strong edge ¥

Definition 3.16 Given the SVN-graph G=(V, E). The
strong size of a SVNG is defined as

S, (G)= [SS(T) (6} Ss(I) ()} SS(F)(G)]
Definition 3.17 Given the SVN-graph G=(V,E). The T-
strong order of a SVNG is defined as
OS(T) (G)= Z T, where v, is the strong vertex in G.
v,eV
Definition 3.18 Given the SVN-graph G=(V, E). The I-
strong order of a SVNG is defined as
OS(I) (G)= Z I, where v, is the strong vertex in G.
v,eV
Definition 3.19 Given the SVN-graph G=(V, E).The F-
strong order of a SVNG is defined as
0, ) (G)= z F; where v, is the strong vertex in G.
v;,eV
Definition 3.20 Given the SVN-graph G=(V, E). The
strong order of a SVNG is defined as

Os (G) = |:OS(T) (G), Os(l) (G), OS(F) (G)]
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Definition 3.21 Let G be a SVNG. If d ,\(v,) =k,

4

dy;,(v)=kyand , d, .\ (v,) =k; for all Vi€” | then the

SVNG is called as (k1 ,kz,k3) - strong constant SVNG (or)
Strong constant SVNG of degree (k1 ,k2 , ks ).

Definition 3.22 Let G be a SVNG. If #d,,,(v,) =1,

td, ,(v)=ryand | d,g () =rfor all Y+ €7 then the

SVNG is called as (r1 , " , 3 ) — totally strong constant SVNG

(or) totally strong constant SVNG of degree (7i , " , 3 ).
Proposition 3.23 In a SVNG, G

5. (G) & Sn(G)_N
) o) ):dem(vi)’z s ):st([)(vi) and
= i=1

2 SS(F) ©) = Z ds(F) )
inl

Proposition 3.24 In a connected SVNG,

D) dsery(Vi) < dri, dsy(vi) < dy; and dgpy(vi) < dpy
2) tdS(T)(VI) S thl Py tds(l)(v‘) S td[l al’ld
tdsry(vi) < tdp; .

Proposition 3.25 Let G be a SVNG where crisp graph G*
is an odd cycle. Then G is strong constant if f < T;; ,I;; ,F;; >
is constant function for every e;; € E.

Proposition 3.26 Let G be a SVNG where crisp graph G*
is an even cycle. Then G is strong constant if f <
Ti; ,1;j ,F;j > is constant function or alternate edges have same
true membership, indeterminate membership and false

membership for every e;; € E.

Remark 3.27 The above proposition 3.25 and proposition
3.26 hold for totally strong constant SVNG, if < T;,I; ,F; > is
a constant function.

Remark 3.28 A complete SVNG need not be a strong
constant SVNG and totally strong constant SVNG.

Remark 3.29 A strong SVNG need not be a strong
constant SVNG and totally strong constant SVNG.

Remark 3.30 For a strong vertex v; € V,

1) dr(vy) =dsr(vy) , di(v;) = dg(v;) and
dp(v;) = dsp(v;)
2) tdr(vy) =tdsr(vy) , td;(v;) = tdg(v;) and
tdp(v;) = tdsp(v;)
Theorem 3.31 Let G be a complete SVNG with V =
{V1,V5,... ,Wp} such that i< T,<T;< ... <T,, [ > L,> 13> ...
>I,and F; > F,> F3> ... > F, Then

1) Tyjis minimum edge truth membership, I;; is the
maximum edge indeterminacy membership and Fj; is the
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maximum edge falsity membership of e;; emits from v, for all
j=234,...,n

2) Ty, is maximum edge truth membership, [, is the
minimum edge indeterminacy membership and F, is the
minimum edge falsity membership of among all edges from
emits from v; to v, foralli=1, 2,3,4,..., n-1.

3) tdr(vy) = 64q . (G) = n.Ty, td;(v,) = Ayq,(G) = n.I; and
tdp(v1) = Diap(G) =n.Fy.

4) tdr(vy) = Begr (G) = Xty T, tdi(vn) = 8, (G)
iz li and tdp(vy) = 814, (G) = Xy Fi.

Proof: Throughout the proof, suppose that T;<T,< T3 <
ST, L 2L>L> ... >Land F, >F,>F;> ... > F, .

1) To prove that T;; is minimum edge truth membership,
I;j is the maximum edge indeterminacy membership and F;;
is the maximum edge falsity membership of e;; emits from
v1Vj=2,3,....,n. Assume the contrary i.e. e;; is not an edge of
minimum true membership, maximum indeterminate
membership and maximum false membership emits fromv;.
Also letey; , 2 < k < nk#1 be an edge with minimum true
membership,, maximum indeterminate membership and
maximum false membership emits from vy.

Being a complete SVNG,

Ty=min {T;,T; } , ;;=max {I;, I, } and F;;= max { Fj,
F )

Then Tyy=min { T}, T; } , I;;= max { I}, I; } and
Fy=max { Fy, F; }

Since Ty < Ty; = min { T}, T} }< min { Ty, T; }
Thus either T, < Tyor T; < T;.

Also since Iy; > Iy @ max { I, I; } >max {I;,[; }, so
either I, > Liorl; > 1.

Since 1, k # 1, this is contradiction to our vertex
assumption that T; is the unique minimum vertex true
membership, [; is the maximum vertex indeterminate
membership and F; is the maximum vertex false membership.

Hence T;; is minimum edge true membership, I;;is the
maximum edge indeterminate membership and  Fj;is the
maximum edge false membership of e;; emits from v, to v;for
allj=2,3,4,...,n.

2) On the contrary, assume let e;,is not an edge with
maximum true membership, minimum indeterminate
membership and minimum false membership emits from vy
for 1 <k < n-1. On the other hand, let e;,- be an edge with
maximum true membership, minimum indeterminate
membership and minimum false membership emits from v,
from1l <r<n-l,k#r.

Then Ty > Ty @ min { Ty, T, } >min{ T}, T, } =T},
so T, > Ty,

Ly < Ly @max{l,, I, } <max{ Iy, I, } =1, so [ <
Ikand
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Similarly Fp, < Fpp @ max { F, B } <max { F, F, }
=F, = F <F

So Tk?‘ = Tk: TkanT = Ik = Ikn and FkT = Fk = Fkn . which
is a contradiction. Hence ey, is an edge with maximum true
membership, minimum indeterminate membership and
minimum false membership among all edges emits from vto
Vp.

3) Now
tdr(vy) = dr(vy) +T;

= Zeije Ele +T = Z}l:z T1j +T;
=(n-1).T; + Ty=nT;- Ty+ T;=nTy,
td;(v1) = dj(vy) +1;

= Zeije E11j +1L= Z}l:z Ilj +1
=(n-1).I; + ;=nl;- [;+ [;=nl; and
Similarly,

tdp(vy) = dp(vy) +F;

:ZeijEEFlj +F =Y, Fj+F
= (n-1).F; + F;=nF;- F;+ F;=nF;

Suppose that tdr(vy) # 8¢, (G) and let vy, k# 1 be a
vertex in G with minimum T- total degree.

Then,
tdr(vy) > tdr(vy)

n
= ZTu + T1 >
i=2

n

Z Ty; + Ty

k#Lk#j

Ty AT; + Ty,
k #Lk#j

Since TYAT; =T, for i = 1, 2, 3,
indices j, Ty AT; > Ty, it follow that

..., n and for all other

(- 1.Ty + Ty > Xpwr i TN + Ty > (0-1).T + T4
Hence, tdy(v,) > tdr(v,) , a contradiction.
Therefore, tdr(v;) = 8tq,.(G).

Suppose that td;(vi) # Ay, (G) and let vy, k# 1 be a
vertex in G with maximum I- total degree.

Then,

td;(vy1) < td;(vy)
n

=>lei+11< Z Ik]+1k

i=2 k #1,k+j

n
:levli+11< Z LV L+,
i=2

k#Lk#j
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Since ; VI; =1, for i = 1, 2, 3, ..., n and for all other

indices j, I V I; < I, it follow that
(n-l).Il + [1 < Zk #1,k#j Ik Vv [] + Ik < (n-l).Il + 11
So that td,;(v;)<td;(v,) , a contradiction.
Therefore, td;(vy1) = Ayg, (G).

Also, Suppose that tdp(v)) # A¢qz(G) and let vy, k#1
be a vertex in G with maximum F- total degree.

Then
tdp(vy) < tdp(vy)

n
= Z Fli + F1 <
i=2 k #1,k+#j

=>ZF1VFi+F1< z Fy VE +Fy
i=2 k#Lk#j

Since F; VF;=F, fori=1, 2, 3,
indices j, Fy, V F; < Fy, it follow that

Fyj + Fy

..., n and for all other

(-1).F; + F; < Y z1k2j Fie VE + F < (0-1).F; + F
So that tdp(v,)<tdg(v;) , a contradiction .

Therefore, tdp(v;) = Arq(G).

Hence,

tdr(v1) = 8tq,(G) =n. Ty,

td;(v1) = Aq,(G) = n.1; and

tdp(vi) = Argp(G) =n.F,.
4) Since, T, >T;,I, <ljand F, <F;,i=1,2,3,...,n-1
and G is complete
Tni =T, ANT=T;,l,;=1,vVI;=ILand F,;=F,VF,=F;.
Hence, td7(vy,) = X1t Toi + Ty
=Y MNTAT) + T, =2 T+ T,
=2 Tis
td;(vy) =X Ly + 1,
=YL, VL) + L, =Y L+ 1,
=iz i
And tdp(vy) =Y F + E
=Y"NF, VF) +F Z 'F,+E,

n
_LlF

Suppose that tdr(v,) # A (G). Letv;, 1 <1<n-1bea
vertex in G such that td7(v;) = Ay, (G) and

tdp(vy) < tdp(vy) . In addition,
tdr(v) = [ XiZi Ty + X Ty + T 1+ T,
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<S[TIT + (@D + T 1+ T,
< Z?z_ll T, + T,

SZ?:lTi = th(Un). Thus td'r(vn) = th(vl) ,
contradiction. So, tdr(v,) = A, (G) = X1z, T

Suppose that td;(v,) # 6iq,(G). Letv;, 1 <1 <n-1 be a
vertex in G such that td;(v;) = 64,(G) and td,(v,) > td,;v)) .
In addition,

td(v) = [ ZiZ g + X Tt w1+ 1,
S[YL+ (DL + L+
>y

> Yy I =td;(vy,). Thus td;(v,) < td;(v;) , contradiction.
So, td;(vy) = 6tq,(G) = Xi=1 I;-

Also, suppose that tdp(v,) # 8¢q,(G). Letv,, 1 <1<n-1
be a vertex in G such that tdp(v;) = 6i4,(G) and tdp(vy,) >
tdgv;) . In addition,

tde(v) = [ ZIiiFy + X Fu v Fuy 1+ F
>[ YA+ (n-)F, + F 1+ F
>y lF +F

=Y F = tdp(v,). Thustdp (v, ) <tdp(v;) ,
contradiction. So, tdr(v,) = 8¢q,(G) = Xi, Fi.

Hence the lemma is proved.
Remark 3.32 In a complete SVNG G,

1) There exists at least one pair of verticesv; and v; such
that dTi: dT]: AT(G) N dli: dli = SI(G) and dFi: dFi = SF(G),

2) tdr(v)=07(G) = A4, (G), td;(v))= 0,(G) = 8¢q,(G)
and tdp(v;)=0F (G)=6¢4,(G)for a vertex v; €V,

3) Yititdr(v) = 287 (G)F 07 (G) , Xistd;(vy) =
25/(G) + 0,(G) and Xz, tdp(v;) = 25p(G) + Op(G).

IV. VERTEX TRUTH MEMBERSHIP , VERTEX INDTERMINACY
MEMBERSHIP AND VERTEX FALSITY MEMEBERSHIP SEQUENCE
INSVNG

In this section, vertex truth membership, vertex
indeterminacy membership and vertex falsity membership
sequences are defined in SVNGs.

Definition 4.1 Given a SVN-graph G with [V| = n. The
vertex truth membership sequence of G is defined to be
{x 3=, withx; < x, < x3 < ... <x, wherex; , 0< x; < 1, is
the truth membership value of the vertex v; when vertices are
arranged so that their truth membership values are non-
decreasing.

Particular, x; is smallest vertex truth membership value
and x,, is largest vertex truth membership value in G.

Note 4.2 If vertex truth membership sequence x; is
repeated more than once in G, say r # | times, then it is
denoted by x;" in the sequence.
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Example 4.3 In Fig. 2 the vertex truth membership
sequence of G is {0.1, 0.1, 0.3, 0.3, 0.4, 0.8 } or { 0.12, 0.32,
0.4,0.8 }.

010409 030407) 030604)
Vi Vi V3
\?6 \FS ‘?4
L8 010809) 08.0205)

Fig. 2. Vertex truth membership sequence.

Definition 4.4 Let G be a SVNG with |V| = n. The vertex
indeterminacy membership sequence of G is defined to be
{yiie, withy, <y, <y; < ... <y,wherey;, 0< y; < 1, is
the indeterminacy membership value of the vertex v; when
vertices are arranged so that their indeterminacy membership
values are non- increasing.

Particular, y; is largest vertex indeterminacy membership
value and y, is smallest vertex indeterminacy membership
value in G.

Note 4.5 If vertex indeterminacy membership sequence y;
is repeated more than once in G, say r # 1 times, then it is
denoted by y;” in the sequence.

Example 4.6 In Fig. 3 the vertex indeterminacy
membership sequence of G is {0.7, 0.6, 0.6, 0.5, 0.4, 0.4 } or {
0.7,0.6%,0.5,0.42 }.

(05.06.03) (0.1,04,03)
2 3
020709 v Vs

V6 Vs Nzt
(04,06,0.1) (03.04.05) (04.05.04

Fig. 3. Vertex indeterminacy membership sequence.

Definition 4.7 Let G be a SVNG with |V| = n. The vertex
falsity membership sequence of G is defined to be {z;}[-; with
21 L2, <73 < ... < zywhere z; , 0< z; < 1, is the falsity
membership value of the vertex v; when vertices are arranged
so that their falsity membership values are non- increasing.
Particular, z; is largest vertex falsi Y membership value and

Z,, is smallest vertex falsity membership value in G.
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Note 4.8 If vertex falsity membership sequence z; is
repeated more than once in G, say r # | times, then it is
denoted by z;" in the sequence.

Example 4.9 In Fig. 4 the vertex falsity membership
sequence of G is {0.8, 0.8, 0.7, 0.6, 0.6, 0.5} or {0.82,
0.7,0.62, 0.5}.

(0.2.04.06) (0.7.0.2.0.5) (0.1,0.5,0.6)
Vi V2 3
V6 Vs V4
(0.1,03.07) (0.1.0.5.0.8) (04.0.1.08)

Fig. 4. Vertex falsity membership sequence.

Definition 4.10 If a SVNG with |V| = n has vertex truth
membership sequence {x;}j-; , vertex indeterminacy
membership sequence{y;}-; and vertex falsity membership
sequence{z;}/-; in same order, then it said to have vertex
single valued neutrosophic sequence and denoted by {<
Xi,YirZi >}=1-

Example 4.11 In Fig. 5 the vertex truth membership,
vertex indeterminacy membership and vertex falsity
membership sequence of G is{<0.4, 0.4, 0.5>, < 0.2,0.3,0.5>,<
0.1,0.2,0.6>,<0.5,0.4,0.8>,<0.4,0.5,0.4>,<0.3,0.1,0.7> }.

04.04.05) (0.2,03,0.5) (0.1,02.0.6)
V1 i e
Vg rs V4
v
(03.0.1,0.7) o 43 504y (05,0408

Fig. 5. Vertex single valued neutrosophic sequence.

The properties of vertex truth membership, vertex
indeterminacy membership and vertex falsity sequences of
complete SVNGs are discussed below:

Theorem 4.12 Let G=(V,E) be a complete SVNG with|V|
=n. Then

1) If the vertex truth membership sequence of G is of the
form {x;""1,x, !, vertex indeterminacy membership sequence
of G is of the form {y;""1,y,} and vertex falsity membership
sequence of G is of the form { z;""1,z,}, then

a.8¢q, (G) =n.Ty and Ay, (G)= X1 T;
b. A, (G) =n.ly and 84, (G)=Xi, I;

5-6 April 2018 | Singapore
¢.Aiq (G)=n.Fy and 64, (G) = Xis, Fj

2) If the vertex truth membership sequence of G is of the
form {x;™, x,™" "}, vertex indeterminacy membership of G is
of the form {y;, y," "} and vertex falsity membership
sequence of G is of the form {z;™, z," "} with 0< r; < n-2,
then there exists exactly r; vertices with minimum T- total
degree Gy, (G), maximum I-total degree Ay, (G) and
maximum F-total degree Aqq, and exactly (n-r;) vertices with
maximum T- total degree Ay, (G) , minimum I- total degree
8tq,(G) and minimum F- total degree 84, (G).

3) If the vertex truth membership sequence of G is of the
form {x;™, x,72 , x3"3 , X"k}, vertex indeterminacy
membership sequence of G is of the form {y;", y,"2 , y;"3
., ¥k} and vertex falsity membership sequence of G is of the
form {z;™, z,”2 , z3"3, ..., z,"k} withr;, > 1 and k > 2, then
there exists exactly r; vertices with minimum T- total degree
8ta,(G), maximum I- total degree A.q,and maximum F-total
degree Ay, . Also, there exists exactly r, vertices with
maximum T- total degree Ay,.(G), minimum I- total degree
8tq,(G) and minimum F- total degree &4, (G).

Proof: The proof of (1) and (2) are obvious. 3 Let vi(j ) be
the set of vertices in G, forj=1,2,3,...,7r;,1 <i<k Then
by the Theorem3.31

tdr (v)=64,(G)=n.Ty=n. xy,
td; (vl(])):AmI (G)=n.I;=n.y,, and
tdp(vl(j))zétdF(G): n.Fi=n.z,,,forj=1,2,3, .,7.

Since Tw v ) = Tw)>x, for2<i<k,j=1,2, 3,

l.+1
,1;,1=1,2,3,...,1;41, no vertex with truth membershlp

more than x; can have degree Srap(G),

1w wP) =10 <y, for2<i<k,j=1,2,3,.

L+1
r,l=1,23, , Ti+1 » NO vertex with 1ndeterm1nacy

membership less than y1 can have degree Ay, (G)

And Fw? w) = F(v(’)) <z for2<i<k,j=1,23,.

l+1
, 1,1 =1,2, 3, , ;41 » No vertex with falsity

membership less than 21 can have degree Aq,(G).

Thus, there exist exactly y vertices with degree 8¢4,.(G),
Aiq,(G), Dgr(G).

To prove th(v,Et)) =Diq, (G),

td; (") =84, (G) and

tdp (W) =ba, (G), =123 .., 1

Since, T(v,Et)) is maximum vertex truth membership,
TwP v = x, t £, 1, j=1, 2, 3.

TP v?) = min { TW®) , T(vi(]))} =Tw?) for t=
123, ., 1,j=1,2,3,...,m, i=123,... k-1
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Thus for t=1,23,..., 1,

tdr () = T, I T+ (- Dxi
=21 T

= Aq,(G) by Theorem 3.31

Now, if v,, is vertex such that T,,= x;_; , then

tdr (V) = B B T(W, ) + (Fam 1413 gy + T
=22 S TP) + B TP + (e Dty + Ty

< TERYTL T) + BT + (e D + Ty

= A, (G)

Thus, there exist exactly r;, vertices with degree Ay,.(G).
To prove td,(vlgt)) =6tq,(G) , fort=1,2,3,...,7%

t . ..
) ) is minimum vertex

Since I( 17,5
membership,

indeterminacy

1P v =y t£j,4j=1,2,3,...,7%

109 ) = max{ 1w?) , 1w} =1wP) fort=1,2, 3,
'>rk’j=172>37"'>ri>

i=1,2,3,..., k1L

Thus fort=1,2,3,..., 1,

td; (") = T, 7L 1) + (- Dy

=Xi=1 i

= 8tq,(G) by Theorem 3.31

Now, if v, is vertex such that I,,= y,_, , then

td; (V) = B2 T 1 Wy v0) + (et 1470 Wit + I
=22 1) + B @) + (e Dyier + I
< SE2YE ) + B P) + e Dyi + I
= 6tq,(G)

So, there exist exactly 7, vertices with degree 6¢4,(G).

Similarly, it can be proved that tdp(v,gt)) = 8ap(G) , for t=
1,2,3,...,rk

Since F(v,Et)) is minimum vertex falsity membership,
FwPwP) =z t#j,4j=1,2,3,...,7

Fw? w?) = max{ Fw"), Fw?)} = Fw?) fort=1, 2,
3, ,i=L2,3, . ri=1,2,3, ... kL.

Thus fort=1,2,3,..., 7,

tdp (") = T, XL F) + (- Dz

5-6 April 2018 | Singapore
=X Fi
= 8tq(G) by Theorem 3.31
Now, if v, is vertex such that F,= z,_; , then
tdp (V) = K2 XL F 0, ) + (roa= 1475 )Fiem + B

=SR2 P + S F) + (e Dz +

<TI2TL F) + @) + (e Dz + By,

= 8a,(G)

So, there exist exactly 7 vertices with degree 6yq,.(G).

V. CONCLUSION

In this paper, the idea of strong degree is imposed on the
existing concepts of degrees in SVNGs. After that, we defined
the vertex truth-membership, vertex indeterminacy-
membership and vertex falsity membership sequence in
SVNG with proofs and suitable examples. In the next
research, the proposed concepts can be extended to labeling
neutrosophic graph and also characterize the corresponding
properties.
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