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Abstract. This paper is to defined Regular and Irregular Neutrosophic graph on a special graph
such as Cq4, Bull graph, path on four vertices, Wagner graph, Corona graph, Barbell graph and the
highly irregular Neutrosophic graph such as cricket graph and Bull graph. Some more properties
and various examples of regular and irregular Neutrosophic graph, highly irregular Neutrosophic
graph and Neighbourly irregular Neutrosophic graphs are studied and viewed for totally regular
and irregular Neutrosophic graphs. Some properties related to d> — regular and irregular graphs are
analysed.
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1. Introduction:

Some varies properties of fuzzy graphs [FGs] was introduced by Azriel Rosenfold [1]. C.
Sekar and N. R. Santhi Maheswari [5] developed and discussed some properties of (2,K) totally
regular and irregular fuzzy graphs. Ravi Narayanan, Santhi Maheswari [ 4 | discussed some more
properties of highly irregular and totally irregular fuzzy graphs. In this paper, we defines highly
irregular and highly regular, and neighbourly irregular Neutrosophic graphs, Cs, Bull graph,
cricket graph, path on four vertices, Wagner graph, Corona graph and Barbell graph of
Neutrosophic graphs. The condition that provides the connection between these graphs and a
characterization of highly, neighbourly Neutrosophic graphs on some special graphs are examined.

The following terminologies Neutrosophic graph , Single valued Neutrosophic Graph
and Single valued Neutrosophic Graphs are abbreviated as NG , SVNG and SVNGs.

2. Preliminaries

Let G: (An, Ba)be a FG on G* : (N, A) for which the membership
function Ay : N = [0,1] and B4 : N x N— [0,1]. The degree of anode x in G [ 3 ] is defined as
d (x) =X, B4(xy) for all xy € A and total degree of anode x in G [3 ]is td(x) =d(x) + Ax (X),Xx €
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N . The d; - degree ofanode ain G [ 5 ]is dx(a) =Y, BZ (a,c), where Y. B2 (a,c) =Sup {B(a,b) a
B(b,c)} . Also B(a,b) =0 for (a,b)&A. If every nodes of G is adjacent to the nodes with distinct
degrees, then the graph G [ 4 ] is said to be highly irregular fuzzy graph and if every nodes of G
is adjacent to the nodes with distinct total degrees , then G is said to be highly totally irregular
fuzzy graph. A graph G is called neighbourly irregular fuzzy graph [4 ] if every two adjacent
nodes of the graph G has distinct degree and if every two adjacent nodes has distinct total degrees
then the graph G [ 4 ] is said to be neighbourly totally irregular fuzzy graph.’

3. The highly Regular and Irregular Neutrosophic Graph :
Definition: 3.1.1

Let G: ( An, Ba)bea Single valued Neutrosophic Graph (SVNG) on G* : (N, A)
is defined as the functions Ta ,T1,Tr are mapped from N — [0,1] and it is denoted by the degree of
truth - membership. indeterminacy - membership and falsity - membership of the element x € N
satisfy the following conditions (i) Ts (x,y) < Ta (xX) ATa (y) (i) Is (x,y) = Ia (x) VIa(y)
and (ii1) Fs (x,y) = Fa (x) VFa(y) V x,y € A, where the functions Ta,la, Fo are mapped from
V to [0,1] and it is denoted by the degree of truth membership, indeterminacy membership. falsity
- membership of the element x € N such that 0 < Ta (x) +T1 (x) +Tr (x) £ 3 V x € N and the
functions Tg, Ig , Fg are mapped from A € N x N — [0,1] and it is denoted by the degree of truth
membership, indeterminacy membership of the arc (x,y) € A such that 0 < T (x.,y) + Is (X,y)
+Fp (x,y) < 3V (x,¥) € A and every node of G adjacent to nodes with distinct degrees. So the
graph G is said to be highly irregular Neutrosophic Graph and if every node of G adjacent to nodes
with distinct total degrees. So the graph G is said to be highly totally irregular Neutrosophic Graph

We are giving suitable examples for above definition

Let us consider a SVNGs G on G*. Define - An (s ) =(0.5,0.3,0.2) , An(t)=(0.6,0.4,0.3),
AN (1) =(0.7,0.5,0.4) , Ax(v)=(0.8,0.2,0.3) , Ax (W) =(0.9,0.4,0.35), Ba(s,t)=(0.4,0.5,0.4)
, Ba(t,u)=(0.5,0.6,0.5) ,Ba(u,v)=(0.4,0.5,04) , Ba (v, w)=(0.50.6,0.5), Ba(w,s)=(0.4
,0.5,0.4). Here td(s) =(1.3,1.3,1.0), td (t) =(1.5,1.5,1.2) , td(u) =(1.6,1.6,1.3 ), td (v) = (1.7,1.3,1.2
), td(w)=(1.8,1.5,1.25).

Theorem: 3.1.2

Let G: ( An, Ba) be a SVNG such that G* : (N, A ) is a cycle C4 and the degree of truth —
membership, indeterminacy-membership and falsity membership of the arc is n’t a constant
function, then the graph G is regular SVNG.

Proof:
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Let G:( An,Ba)bea SVNG such that G* : (N, A ) is a cycle C4, then the graph G satisfy
the following conditions (1) T (x,y) < Ta (x) A Ta (y) (1) Is (x,y) = Ia (x) V Ia(y) and (ii1)
Fs (x,y) = FA X) VFaA(y) VX, YyEAO<STAa X)+T1 (x) +Tr(x) < 3VxENand0 < T (x
V) s (x,y) +F (X,y) < 3V (x,y) € A. Now, the degree of truth — membership, indeterminacy-
membership and falsity membership of the arc is not a constant function, then each node of G
has the same degree. So the graph G is regular SVNG.

Example: 3.1.3

Let us consider a SVNGs G on G*. Define - An (s ) =(0.5,0.4,0.3), An (t)=1(0.6,0.3,0.2)
, An (u) =(0.7,0.5,0.4) , An(v)=(0.8,0.3,0.4),Ba(s,t)=(0.4,0.5,0.4), Ba(t, u)=(0.3,0.6,0.5)
,Ba(u,v)=(0.4,0.5,0.4) , Ba (v,s)=(0.3,0.6,0.5). Here d(s) = d(t) =d(u) =d(v) =(0.7,1.1,0.9).
So the graph G is regular SVNG.

Theorem: 3.1.4

Let G: ( An, Ba) be a SVNG such that G* : (N, A ) is a cycle C4 and the degree of
truth — membership ,indeterminacy-membership and falsity membership of the arc is n’t a
constant function, then the graph G is not totally regular SVNG.

Proof:

Let G: ( An, Ba)bea SVNG such that G* : (N, A ) is a cycle Cy4, then the graph G satisfy
the following conditions (i) T (x,y) < Ta (xX) A Ta (y) (1) Is (x,y) = Ia (x) V Ia(y) and (iii)
FB (x,y)= Fa (x) VFa(y) VX, yEAO<STa x)+T1 (x) T (Xx) < 3VXE Nand 0 < T (x
) s (x,y) + Fs (xX,y) <3V (x,¥) € A. Now, the degree of truth — membership, indeterminacy-
membership and falsity membership of the arc is not a constant function, then each node of G
has the distinct total degree. So the graph G is not totally regular SVNG.

From the above example,

Here td(s) = (1.2,1.5,1.2), td (t) =(1.3,1.4,1.1) , td(u) =(1.4,1.6,1.3 ), td (v) = (1.5,1.4,1.3).
So the graph G is not totally regular SVNG.

Theorem: 3.1.5

Let G: ( An, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph and the degree of
truth — membership, indeterminacy-membership and falsity membership of the node and arcs are
not a constant function, then the graph G is not regular SVNG.

Proof:

Let G: ( Ax, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph, then the graph G
satisfy the following conditions (i) T (x,y) < Ta (x) A Ta (y) (i) Is (x,y) = Ia (x) VIa(y)
and (iil) Fs (x,y) = FaA X) VFa(y) VX, y€EAO0<Ta x)+T1 (x) +Tr(x) < 3VXE N and 0
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<Ts (x,y) +Is (x,y) + F8 (X,y) <3V (x,y) € A. Now, the degree of truth — membership,
indeterminacy-membership and falsity membership of the node and arcs are not a constant
function, then each node of G has the distinct degrees. So the graph G is not regular SVNG.

Example: 3.1.6

Let us consider a SVNGs G on G*. Define - An (s ) =(0.5,0.4,0.3), Ax (t)=(0.6,0.3,0.2),
Ax (u) =(0.7,0.5,0.4) , An(v)=(0.8,0.3,0.4),Ba(s,t)=(0.2,0.5,0.4), Ba(t, u) =(0.3,0.6,0.5),
Ba(u,v)=(0.4,0.5,0.4) , Ba (v,s)=(0.3,0.6,0.5). Here d(s) =(0.5,1.1,0.9), d(t) = (0.5,1.1,0.9),
d(u) = (0.7 ,1.1,0.9), d(v) = (0.7,1.1,0.9). So the graph G is not regular SVNG.

Remark : 3.1.7

Let G: ( Axn, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph and the degree of
truth — membership, indeterminacy-membership and falsity membership of the node and arcs are
not a constant function, then the graph G is not totally regular SVNG.

Theorem: 3.1.8

Let G: (Axn,Ba)bea SVNG on G* : (N, A ). Then the degree of truth — membership,
indeterminacy-membership and falsity membership of the node is a constant function for all a €
N if and only ifthe following are equivalent.

(1) The graph G is a (ki ,k2 ,k3) regular SVNG

(i) The graph G is totally (2,ki +cikotcz  kstes) regular  SVNG.
Proof:

Suppose that the degree of truth — membership, indeterminacy-membership and falsity
membership of the node is a constant function. (ie) An(a) = (c1,c2,c3 )Va€eN .

To prove (1) =(i1). Assume that the graph G is a (ki1 ,kz2 ,k3) regular SVNG. Then dz(a) = (ki1 ,ko
,k3) Ya € N. so td(a) =(ki ,k2 ,k3) +(c1,c2,¢3)=(k1 +c1,kot+ca ,ks+cs). Hence the graph G is totally
(2,k1 +c1,kotcz ks+c3) regular SVNG.

To prove (i1) = (1) Assume that the graph G is totally (2,k: +ci,ko+c2 ,ks+cs) regular NG. To
prove the graph G is a (ki ,k2 ,k3) regular SVNG. Then td(a) =(ki +ci,ko+ca ks+c3) =d(a)=(k;
+c1,kotcs kitcs)-(ci,c2,¢3)=(ki ,kz ,k3) Va € N. Hence the graph G is a (ki ,k2 ,k3) regular SVNG.

Conversely, suppose the graph Gisa (ki k2 ,k3) regular SVNG and totally (2,ki + ci1, kot c2,
ks+ c3) regular SVNG. To prove : The degree of truth — membership, indeterminacy-membership
and falsity membership of the node is a constant function . Suppose that the degree of truth
membership, indeterminacy-membership and falsity membership of the node is not a constant
function. Then An(a) # An(b) V a,b e N. Now td (a)=td(b) =(ki, ko, ks) + An(a)= (ki , k2, k3)
+An(b). It is a contradiction. Hence the degree of truth — membership, indeterminacy-membership
and falsity membership of the node is a constant function.
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Theorem: 3.1.9

If a SVN graph G is both (ki ,k» ,k3) regular NG and totally (ki1 ,k22 ,k33) regular NG
then the degree of truth — membership, indeterminacy-membership and falsity membership of the
node is a constant function.

Proof :

Let the graph G:(An,Ba)is a (ki k2 ,ks) regular NG and totally (ki1 ko2 ,ks3) regular
NG .Then d(a) = (ki , k2, k3) and td(a) = (ki1 , ko2, ks3) VaeN. = d (a)+ Ax(a)= (ki1 , koo,
k33)= An(a) = (ki1 , ko2 , k33) - (ki , k2 , k3). Hence the degree of truth — membership,
indeterminacy-membership and falsity membership of the node is a constant function.

Remark : 3.1.10

LetG:(An,Ba)beaSVNGon G*: (N, A). If the degree of truth — membership, indeterminacy-
membership and falsity membership of the node is a constant function then the graph G is not
both (ki k2 ,k3) regular NG and totally (ki ,ko ,k3) regular NG.

Example: 3.1.11

Let us consider a SVNGs G on G*. Define - Ax (s ) =(0.6,0.4,0.5), Ax (t)=(0.6,0.4,0.5),
AN (u) =(0.6,0.4,0.5) , An(v)=(0.6,0.4,0.5) , An(W)=(0.6,0.4,0.5), Ba(s,t)=(0.5,0.5,0.6)
, Ba(t,u)=(0.5,0.5,0.6) ,Ba(u,v)=(0.4,0.5,0.55) , Ba (v, w)=(0.5,0.6,0.7), Ba(w,s)=(0.5
,0.6,0.7). Here d(s)=(1.0,1.1,1.3), d (t) =(1.0,1.0,1.2) , d (u) =(0.9,1.0,1.15 ), d (v) =(0.9,1.1,1.25
), d(w)=(1.0,1.2,1.4), td(s) = (1.6,1.5,1.8), td (t) =(1.6,1.4,1.7) , td (u) =(1.5,1.4,1.65 ), td (v) =
(1.5,1.5,1.75 ) , td (w) =(1.6,1.6,1.9). Now, the degree of truth — membership, indeterminacy-
membership and falsity membership of the node is a constant function. So the graph G is not
both (ki k2 .k3) regular NG and totally (ki .k> ,k3) regular NG.

3.2. The dz - Regular and Irregular Neutrosophic Graph :

Theorem: 3.2.1

Let G: (An, Ba) be a SVNG such that G* : (N, A ) is a cycle C4 and the degree of
truth — membership, indeterminacy-membership and falsity membership of the arc isn’t a constant
function, then the graph G is dz - regular SVNG.

Proof:

Let G:( An,Ba)bea SVNG such that G* : (N, A ) is a cycle C4, then the graph G satisfy
the following conditions (i) T (x,y) < Ta (X) A Ta (y) (1) Is (x,y) = Ia (x) V Ia(y) and (iii)
Fs (x,y) = FA (X) VFa(y) VX, y€EA,0<Ta (x)+T1 x) +Tr(x) < 3VxENand0 < Ts
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x,y) +Is (xy) + Fs (x,y) < 3V (x,y)€ A Now, the degree of truth — membership,

indeterminacy-membership and falsity membership of the arc is not a constant function, then
each node of G has the same d; - degree. So the graph G is d> - regular SVNG .

Example: 3.2 2

Let us consider a SVNGs G on G*. Define - An (s ) =(0.5,0.4,0.3), Ax (t)=(0.6,0.3,0.2),
An (u) =(0.7,0.5,0.4) , Ax(v)=(0.8,0.3,0.4),Ba(s,t)=(0.4,0.5,0.4),Ba(t, u)=(0.3,0.6,0.5),
Ba(u,v)=(0.4,0.5,0.4) , Ba (v,w)=(0.3,0.6,0.5), Ba(w,s)=1(0.4,0.5,0.4). Here da(s) = da(t)
= dz(u) = d2(v) = (0.6,1.0,0.8).

Theorem: 3.2.3

Let G: ( An, Ba) be a SVNG such that G* : (N, A ) is a cycle Cs and the degree of
truth — membership ,indeterminacy-membership and falsity membership of the arcisn’t a constant
function, then the graph G is not totally d» — regular SVNG.

Proof:

Let G: ( An, Ba)bea SVNG such that G* : (N, A ) is a cycle Cy4, then the graph G satisfy
the following conditions (1) T (x,y) < Ta (xX) A Ta (y) (1) Is (x,y) = Ia (x) V Ia(y) and (iii)
FB (x,y) = FA X) VFaA(y) VX, yEAO<STa x)+T1 (x) +Tr(x) < 3VXENand 0 < Tp (x
)1 (x,y) T Fs (x,y) <3V (x,y) € A. Now, the degree of truth — membership, indeterminacy-
membership and falsity membership of the arc is not a constant function, then each node of G
has the distinct total d> —degrees. So the graph G is not totally d> —regular SVNG.

Example: 3.2.4

Let us consider a SVNGs G on G*. Define - Ax (s ) =(0.5,0.4,0.45) , Ax (t) =
(0.6,0.5,0.53) , An(u)=(0.55,0.45,0.45) , An(v)=(0.5,0.4,0.45) , An(w)=(0.55,0.45,0.44)
, Ba(s,t)=1(0.3,0.5,0.6), Ba(t,u)=(0.6,0.5,0.53) , Ba(u, v)=(0.35,0.4,0.52) , Ba (v,w)
=(0.4,0.45,0.51), Ba (w , s) = (0.4 ,0.45,0.51). Here tda(s) = (1.2,1.35,1.49), td> (t)
=(1.25,1.35,1.56) , td2(u) =(1.2,1.35,1.49 ), td> (v) = (1.25,1.25,1.48 ) , tda(w) =(1.2,1.3,1.46).
Here the graph G is not totally d2 — regular SVNG.

Theorem: 3.2.5

Let G: ( Ax, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph and the degree of
truth — membership, indeterminacy-membership and falsity membership of the node and arcs are
not a constant function, then the graph G is not d> — regular SVNG.
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Proof:

Let G: ( Ax, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph, then the graph G
satisfy the following conditions (1) Ts (x,y) < Ta (xX) ATa (y) (i) Is (x,y) = Ia (x) V Ia(y)
and (iil) Fs (x,y) = FA X) VFa(y) VX, y€AO0<Ta x)+T1 (x) +Tr(x) < 3VXE N and 0
<Ts (x,y) +Is (x,y) + F8 (x,y) <3V (x,y) € A. Now, the degree of truth — membership,
indeterminacy-membership and falsity membership of the node and arcs are not a constant

function, then each node of G has the distinct d> —degrees. So the graph G is not d» — regular
SVNG.

Remark : 3.2.6

Let G: ( An, Ba)be a SVNG such that G* : (N, A ) is a cycle with five nodes and the degree
of truth — membership, indeterminacy-membership and falsity membership of the node and arcs
are not a constant function, then the graph G is not totally d> — regular SVNG.

Theorem: 3.2.7

Let G: (An, Ba)be a SVNG on G* : (N, A ) .Then the degree of truth — membership,
indeterminacy-membership and falsity membership of the node is a constant function for all ae
N if and only ifthe following are equivalent

(1) The graph Gisadz — (ki k2 ,k3) regular NG
(2) The graph G is totally (2,ki  +cikotez  Jkstes)  regular  NG.
Proof:
Suppose that the degree of truth — membership, indeterminacy-membership and falsity
membership of the node is a constant function. (ie) An(a) = (c1,c2,c3)Va€eN .
To prove (i) =(ii). Assume that the graph Gis a d> — (ki ko ,k3) regular NG. Thendz(a) = (ki ,ko
,k3) Va € N. so tdx(a) =(ki ,ko ,k3) +(c1,c2,¢3)=(k1 +ci1,kotco ,ks+c3). Hence the graph G is totally
(2,k1 +c1,kotcz ks+c3) regular NG
To prove (ii) = (i) Assume that the graph G is totally (2,k; +ci,kot+co ,ks+c3) regular NG. To
prove the graph Gisad>— (ki k2 ,k3) regular NG. Then tdx(a) =(ki +ci,kot+ca ks+c3) =da(a)=(ki
+c1,kotc2 Lkstcs)-(ci,c2,¢3)=(ki ,k2 ,k3) Va € N. Hence the graph Gisad> — (ki ko ,k3) regular
NFG. Conversely, suppose the graph Gis a d2 — (ki .k ,k3) regular NG and totally (2,k: + ci,
ko+ c2 , kst c3) regular NG. To prove: The degree of truth — membership, indeterminacy-
membership and falsity membership of the node is a constant function . Suppose that the degree
of truth membership, indeterminacy-membership and falsity membership of the node is not a
constant function. Then An(a) # An(b) V a ,b € N. Now t do(a)=t d2(b) =(ki , ko, k3) + Ax(a)=
(k1 , ko, k3) +An(b). It is a contradiction .Hence the degree of truth — membership, indeterminacy-
membership and falsity membership of the node is a constant function.

Theorem: 3.2.8
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If a SVN graph G is both d> — (ki ,k2 ,k3) regular NG and totally d> — (ki1 ,k22 ,k33) regular NG
then the degree of truth — membership, indeterminacy-membership and falsity membership of the
node is a constant function.

Proof : Let the graph G:(An,Ba)is ad— (ki k2 k3) regular NG and totally d2 — (ki
k22 ,k33) regular NG .Then dax(a) = (ki , ko , k3) and td2(a) = (ki1 , k2, ksz) Vae N. = dz (a)+
An(a)= (ki1 , k22 , k33)= An(a) = (ki1 , koo , ks3) - (ki , ko, k3). Hence the degree of truth —
membership, indeterminacy-membership and falsity membership of the node is a constant
function.

Remark : 3.2.9

Let G: ( An,Ba) be a SVNG on G* : ( N, A) .If the degree of truth — membership,
indeterminacy-membership and falsity membership of the node is a constant function then the
graph G is not both d2 — (ki .k> ,k3) regular NG and totally d> — (ki ,ko ,k3) regular NG.
Example: 3.2.10

Let us consider a SVNGs G on G*. Define © A~ (s ) =(0.6,0.4,0.5) , Ax (t) =
(0.6,0.4,0.5) , An (u) =(0.6,0.4,0.5) , An(v)=(0.6,0.4,0.5) ,An(W)=(0.6,0.4,0.5), Ba(s,
t) =(0.5,0.5,0.6) , Ba(t, u) =(0.5,0.5,0.6) ,Ba(u, v)=(0.4,0.5,0.55) , Ba (v, w)=(0.5,0.6,0.7),
Ba(w,s)=1(0.5,0.6,0.7). Hered(s)=(1.0,1.1,1.3), d (t) =(1.0,1.0,1.15) , d (u) =(0.9,1.0,1.15 ), d
(v)=(09,1.1,1.25), d(w)=(0.9,1.0,1.15), tdao(s) = (1.6,1.5,1.8), td2 (t) =(1.6,1.4,1.65) , td2(u)
=(1.5,1.4,1.65 ), td2 (v) = (1.5,1.5,1.75 ) , tda(w) =(1.5,1.4,1.65). Now, the degree of truth —
membership, indeterminacy-membership and falsity membership of the node is a constant
function . But the graph G is not both d> — (ki ,k» ,k3) regular NG and totally d> — (ki ,k2 ,k3)
regular NG.

3.3. The d2 —Regular single valued Neutrosophic graph on path of four vertices
Theorem: 3.3.1

Let G: ( An, Ba)be a SVNG such that G* : (N, A)is a path on four vertices. If the degree of
the arc is (Tg,I FB) is constant function, then the graph Gis d» — (ki .ko ,k3) regular SVNG .
Proof

Suppose that the degree of the arc (Ts,Is Fg)is constant function(say)(Ts,Is Fg)(a,b) = (ki .k2
,k3) V (a,b) € A .Then dz (a) =2 (ki1 ,k2 ,k3) VY a € N. Hence the graph Gis d» — (ki k2 ,k3)
regular SVNG .
Remark 3.3.2
LetG:( An, Ba)beaSVNG such that G*: (N, A)is apath on four vertices. If the graph G is
d> — (ki ,k2 ,k3) regular SVNG, then the degree of the arc (Tg,Is Fg) is not a constant function.

Example: 3.3.3
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Let us consider a SVNGs G on G*. Define - Ax (a ) =(0.6,0.4,0.5), Ax(b) =
(0.7,0.5,0.6) , An(c)=1(0.8,0.6,0.7) , A~ (d)=(0.9,0.7,0.8) , Ba(a,b)=(0.5,0.6,0.7),Ba(b
, ¢) =(0.6,0.7,0.8) , Ba(c, d)=(0.5,0.6,0.7) . Here da(a) = (0.5,0.6,0.7), d2 (b) =(0.5,0.6,0.7),
d2(c) =(0.5,0.6,0.7), d» (d)=(0.5,0.6,0.7). The graph G is d> - (0.5,0.6,0.7) regular SVNG.

Theorem: 3.3.4

Let G:( Ax,Ba)bea SVNG such that G*: (N, A) is a path on four vertices. If the degree
of alternate arcs (Tg,Iz Fg) have same membership values then the graph Gis d» — (ki k2 ,k3)
regular SVNG where (ki .k ,k3) ={(ki ,k2 ,k3) a (ki1 , k22 , k33) }.

Proof

If the degree of alternate arcs (Tg,Ig,Fg) have same membership values, then
Ba (ai)) = { (ki1 k2 ,k3) if 1 is odd
(ki1, koo, ks3) if 1 iseven }

Case (i) If (ki , k2, ks)= (ki1 , ka2, k3s3) then (T,Ig,Fg) is constant function .So Gis d> — (ki ,ko
,k3) regular SVNG.

Case (ii) If (k1 ko, k}) <(k11 , koo, k33) then dz(a) Z(kl ko k3)Va €N .SoGisda— (ki ko ,k3)
regular SVNG.

Case (ii1) If (ki, ko, k3) > (ki , ka2, ks3)then da(a) =(ki1 ,k22 ,k3z) Va € N.So Gis do — (ki
,kzz ,k33) regular SVNG.

Remark : 3.3.5
Let G: ( An, Ba) be a SVNG such thatG* : (N, A) is a path on four vertices. If the
degree of truth , indeterminacy and falsity membership value of the middle arcs is less than

the membership value of the remaining arcs, then the graph Gis d2 — (ki k2 ,ks) regular
SVNG ,where k = (Tg,Ig Fg) of the middle arc.

Example: 3.3.6

Let us consider a SVNGs G on G*. Define - Ax (a )= (0.8,0.6,0.7), Ax (b)=(0.7,0.5,0.6)
, A~ (c) =(0.6,0.4,0.5) , An(d)=1(0.9,0.7,0.8) , Baf(a,b)==(0.6,0.65,0.75), Ba(b, ¢)
=(0.5,0.55,0.65) , Ba (c, d) =(0.55,0.71,0.81) Ba (d , a) =(0.5,0.55,0.65) . Here dz(a) =
(1.0,1.10,1.30), d2 (b)=(1.0,1.10,1.30), dz(c) =d2 (d) =(1.0,1.10,1.30)Hence the graph G is d> -
(1.0,1.10,1.30) regular SVNG
Remark :3.3.7

The above theorem is not totally d2 — regular SVNG .But the degree of truth ,
indeterminacy and falsity membership value of the node is not a constant function.

Example: 3.3.8

Let us consider a SVNGs G on G*. Define - Ax(a)= (0.6,0.4,0.5), An(b)=(0.7,0.5,0.6)
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AN (¢) = (0.8,0.6,0.7) , An (d) =(0.9,0.7,0.8) , Ba(a,b)=1(0.50.75,0.85), Ba (b, ¢)
=(0.6,0.65,0.75) ,Ba(c,d)=(0.5,0.75,0.85) . Here dz(a) =d2 (b) =d2(c) =d2 (d) =(1.0,1.30,1.50).
Now tdx(a)=(1.6,1.7,2.0), td2(b) = (1.7, 1.8 ,2.10 ), td2(c) = (1.8, 1.90 ,2.2 ), td2(a) = (1.9, 2.0
,2.30 ). Hence the graph G is dz - (1.0,1.3, 1.5) regular SVNG. But G is not totally d> — regular
SVNG .
3.4 .The d:2— Regular single valued Neutrosophic graph on Wagner graph
Theorem : 3.4.1
LetG:( An,Ba)beaSVNG such that G*: (N, A)is a Wagner graph . If the degree of

the arc (Tg,Is Fg) is constant function, then the graph Gis d>— (ki , ko, k3) regular SVNG .
Proof

Suppose that the degree of the arc (Tg,Ig Fg) is constant function (ie)(Ts,I Fr) (a,b) = (ki ,ko
k3) V a,b€A.Thendz (a)= 5(ki .k ,k3) V a,b €N. Hence G isd2 — 5(ki1 ,k> ,k3) regular SVNG

Theorem : 3.4.2

Let G: (An, Ba)bea SVNG such that G*: (N, A) is a Wagner graph . If the graph G
is d2— (ki ko ,k3) regular SVNG, then the degree of truth , indeterminacy and falsity membership
values of the arcs are not constant function .

Example: 3.4.3

Let us consider a SVNG such that G*: (N,A ) is a Wagner graph . Define - An (a ) =
(0.3,0.1,0.2), Anx(b)=1(0.4,0.2,0.3) , An(c)=(0.3,0.1,0.2) , An(d)=(0.4,0.2,0.3) , An(e)
=(0.3,0.1,0.2) An () =(0.45,0.25,0.35) An(g)=(0.35,0.15,0.25) , An(h)=(0.45,0.27,0.32) Ba
(a, b) =(0.2,0.3,0.4), Ba (b, ¢) =(0.22,0.35,0.42) , Ba (c , d) =(0.2,0.3,0.4) Ba (d , e)
=(0.22,0.35,0.42),Ba (e, f) =(0.2,0.3,0.4),Ba (f, g) =(0.22,0.35,0.42) ,Ba (g, h) =(0.2,0.3,0.4),Ba
(h,a)=(0.22,0.35,0.42),Ba(a,d)=(0.2,0.3,0.4),Ba (e, h)=(0.2,0.3,0.4),Ba(f, c) =(0.2,0.3,0.4),Ba
(g,b)=(0.2,0.3,0.4). Here the graph G is d> - (0.42,0.65,0.82) regular SVNG. But then the degree
of truth , indeterminacy and falsity membership value of the arcs are not constant function .

Remark 3.4.4
Let G: ( Ax,Ba)beaSVNG such thatG*: (N, A) is a Wagner graph. If the degree of the
arc (Ts,Is Fp)is constant function, then the graph G is not totally d>— (ki ,kz ,k3) regular SVNG

3.5. The dz — regular single valued Neutrosophic graph on Corona graph

Theorem :3.5.1

Let G: ( An, Ba)be a SVNG such that G* : (N, A)is a Corona graph Cne K; n> 6 . Then the
degree of the arc (Tg,Is Fg) is a constant function iff the graph G is not dz - regular SVNG .
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Remark :3.5.2
If the degree of the arc (Tg,Is Fg)is not constant function, then the graph G is not d> — regular
SVNG .

Theorem :3.5.3

Let G: ( Ax, Ba)bea SVNG such that G* : (N, A)is a Corona graph Cne K; n> 6 . Then the
degree of the nodes (T,IsFg) are constant function iff the graph G is not totally d» - regular
SVNG .

Remark :3.5.4

Let G: ( Ax,Ba)bea SVNG such that G* : (N, A)is a Corona graph Cne K; n> 6. Then the
degree ofthe node (Ts,Is,Fg) is not constant function iff the graph G is not totally d> — regular
SVNG .

3.6. The d:2 — Regular single valued Neutrosophic graph on Barbell graph
Theorem :3.6.1

Let G: (An, Ba)be a SVNG such that G* : (N, A) is a Barbell graph Bn,n of order 2n.
If the degree of the arc (Tg,Is,Fg) is a constant function, then the graph Gis d>— regular SVNG

Example: 3.6.2

Let us consider a SVNG such that G*: (N,A ) is a Barbell graph . Define - An (a) =
(0.5,0.3,0.4), An (b) =(0.6,0.4,0.5) , A~ (c) =(0.7,0.5,0.6) , An (d) =(0.4,0.2,0.3) Ax (e) =
(0.5,0.1,0.2) , A~ (f) =(0.6,0.21,0.32) , Ba(a,b)=(0.4,0.6,0.7), Ba(b, c) =(0.4,0.6,0.7) , Ba
(b, d)=(0.4,0.7,0.8) Ba(d , €) =(0.4,0.6,0.7) , Ba(d, f) =(0.4,0.6,0.7) . Here da2(a) =(0.8,1.2,1.4),
d> (b) =(0.8,1.2,1.4), do(c)=(0.8,1.2,1.4), d2 (d) =(0.8,1.2,1.4),d2(e)=(0.8,1.2,1.4), d2 (f)
=(0.8,1.2,1.4) . Hence the graph G is d> - (0.8,1.2,1.4) regular SVNG.

Remark : 3.6.3
The converse part of above theorem need not be true.

Example: 3.6.4

Let us consider a SVNG such that G*: (N,A ) is a Barbell graph . Define - An (a) =
(0.5,0.3,0.4), A~ (b)=(0.6,0.4,0.5) , Ax (c) =(0.7,0.5,0.6) , An (d) =(0.4,0.2,0.3) An (e)=
(0.5,0.1,0.2) , A~ () =(0.6,0.21,0.32) , Ba(a,b)=1(0.4,0.6,0.7), Ba(b, c) =(0.4,0.6,0.7) , Ba
(b, d)=(0.45,0.62,0.73) Ba(d, €) =(0.4,0.6,0.7) , Ba(d, ) =(0.4,0.6,0.7) .
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Here dx(a) = (0.8,1.2,1.4), d2 (b) = (0.8,1.2,1.4), d2(c)= (0.8,1.2,1.4), d» (d) =
(0.8,1.2,1.4),d2(e) = (0.8,1.2,1.4), d> (f) =(0.8,1.2,1.4) . The graph G is d - (0.8,1.2,1.4) regular
SVNG. But the degree of the arc (Ts,Is Fg) is a constant function.

The above theorem is not totally do — regular SVNG. But the degree of truth ,
indeterminacy and falsity membership values of the nodes are not constant function .

3.7 . The highly Irregular Neutrosophic Graph
Theorem :3.7.1

Let G: ( Ax, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph and the
degree of truth — membership, indeterminacy-membership and falsity membership of the arc is
n’t a constant function, then the graph G is highly irregular SVNFG.

Proof:

Let G: ( An, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph , then the graph G
satisfy the following conditions (i) Ts (x,y) < Ta (xX) ATa (y) (i) Is (x,y) = Ia (x) VI1a(y)
and (ii1) Fg (x,y) = Fa X) VFa(y) VXx,y€A0<Ta (x)+T1 (x) +Tr(x) < 3VxE€ Nand0
<Ts (x,y)+Is (xy) +Fs (x,y) < 3V (x,y) € A. Now, the degree of truth — membership,
indeterminacy-membership and falsity membership of the arc is not a constant function, then

every node of G is adjacent to nodes with distinct degree. So the graph G is highly irregular
SVNG.

Example: 3.7.2

Let us consider a SVNG such that G*: (N,A ) is a Bull graph . Define - An (s ) =(0.5,0.4,0.3)
, AN (t)=(0.6,0.3,0.2) , AN (u)=(0.7,0.5,0.4) 0.5, An(v)=(0.8,0.3,0.4), An (W) =(0.6,0.2,0.3)
Ba (s, t) =(0.2,0.5,0.4) , Ba(t, u) =(0.3,0.6,0.5) , Ba(u, v) =0.4,0.5,04) , Ba (v, w)
=(0.1,0.6,0.5), Here d(s) =(0.2,0.5,0.4), d(t) = (0.5,1.1,0.9), d(u) = (0.7,1.1,0.9), d(v) =
(0.5,1.1,0.9), d(w) = (0.2,0.6,0.5). So the graph G is highly irregular SVNG.

Theorem :3.7.3

Let G: ( An, Ba) be a SVNG such that G* : (N, A ) is a cricket graph and the degree
of truth — membership ,indeterminacy-membership and falsity membership of the arc is n’t a
constant function, then the graph G is highly totally irregular SVNG.

Proof:

Let G: ( Ax, Ba) be a SVNG such that G* : (N, A ) is a cricket graph , then the graph G
satisfy the following conditions (i) Tz (x,y) < Ta (xX) ATa (y) (i) Is (x,y) = Ia (x) VIa(y)
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and (ii1) Fs (x,y) = FA X) VFa(y) VX, y€EAO0<Ta x)+T1 (x) +Tr(x) < 3VxE€ Nand 0
<Ts (x,y) +Is (x,y) + F8 (x,y) <3V (x,y) € A. Now, the degree of truth — membership,
indeterminacy-membership and falsity membership of the arc is not a constant function, then
every node of G is adjacent to nodes with distinct total degree. So the graph G is highly totally
irregular SVNG.

Example: 3.7.4

Let us consider a SVNG such that G*: (N,A ) is a Cricket graph .Define = An (s )
=(0.6,0.3,0.1), A~ (t)=1(0.8,0.2,0.3) , An (u)=(0.5,0.4,0.3) An (v)=(0.6,0.4,0.3) 0.6, An
(w)=(0.5,0.4,0.4), Ba(s,t)=1(0.2,0.5,0.6) , Ba(t, u)=(0.3,0.4,0.4) ,Ba(u,s)=(0.5,0.9,0.9) ,
Ba (t,v)=(0.3,0.4,0.3). Here td(s) =(1.3,1.7,1.6 ), td (t) =(1.6,1.5,1.6) , td(u) =(1.3,1.7,1.6 ), td
(v) =(0.9,0.8,0.6 ) . So the graph G is highly totally irregular SVNG.

Theorem : 3.7.5

Let G: ( An, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph and the degree of
truth — membership, indeterminacy-membership and falsity membership of the node and arcs are
not a constant function, then the graph G is not neighbourly irregular SVNG.

Proof:

Let G: ( Ax, Ba) be a SVNG such that G* : ( N, A ) is a Bull graph, then the graph G
satisfy the following conditions (1) T (x,y) < Ta (x) A Ta (y) (i1) Is (x,y) = Ia (x) VIa(y)
and (iil) Fs (x,y) = FA X) VFa(y) VX, y€EAO0<Ta xX)+T1 (x) +Tr(x) < 3VXxE N and 0
<Ts (x,y)+Is (x,y) + F8 (x,y) <3V (x,y) € A. Now, the degree of truth — membership,
indeterminacy-membership and falsity membership of the node and arcs are not a constant
function, then every two adjacent node of G has the same degrees. So the graph G is not
neighbourly irregular SVNG.

Example: 3.7.6

Let us consider a SVNGs G on G*. Define - An (s ) =(0.5,0.4,0.3) , Ax (t)=(0.6,0.3,0.2),
AN (u) =(0.7,0.5,0.4) , Ax(v)=(0.8,0.3,0.4),Ba(s,t)=(0.2,0.5,0.4), Ba(t, u)=(0.3,0.6,0.5),
Ba(u,v)=(0.4,0.5,0.4) , Ba (v,w)=(0.3,0.6,0.5). Here d(s) =(0.2,0.5,0.4), d(t) = (0.5,1.1,0.9),
d(u) = (0.7 ,1.1,0.9), d(v) = (0.7,1.1,0.9) ,d(w) = (0.3,0.6,0.5). So the graph G is not neighbourly
irregular SVNG

Conclusion:

In this paper, a new idea of the highly regular and irregular and highly totally regular
and irregular, Neighbourly irregular and Neighbourly totally irregular single valued Netrosophic
graphs are introduced. The d» —Regular single valued Neutrosophic graph and the dz - Regular
and Irregular Neutrosophic Graph are studied through some special graph such as Bull graph,
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cricket graph, path on four vertices, Wagner graph, Corona graph and Barbell graph. The single
valued Netrosophic graphs, highly irregular and Neighbourly irregular single valued Netrosophic
graph are compared through some varies examples. Some properties of regular and irregular single
valued Netrosophic graphs are studied through various examples and the results are examined for
totally regular and irregular single valued Netrosophic graphs.
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