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§1. Introduction

F.Smarandache [13] introduced notion of neutrosophic set which is useful for dealing real life
problems having imprecise, indeterminacy and inconsistent data. They are generalization of
the theory of fuzzy sets, intuitionistics fuzzy set, interval valued fuzzy set, and interval valued
intuitionistic fuzzy sets.

N. Shah and Hussain [11, 14] introduced the notion of soft neutrosophic graphs. N. Shah
[12] introduces the notion of neutrosophic graphs and different operations like union, intersection
and complement in his work. A neutrosophic set is characterized by a truth membership degree
(t), an indeterminacy membership degree (i), falsity membership degree (f) independently,
which are with in the real standard or non standard unit interval ]~0,17"[.

N. R. Santhi Maheswari and C. Sekar [7] introduced the notion of Neighbourly irregular
graphs and semi neighbourly irregular graphs [8] on m - neighbourly irregular Fuzzy graphs,
on neighbourly edge irregular fuzzy graphs [9]. N. R. Santhi Maheswari, R. Muneeswari and S.
Ravi Narayanan [10] introduced the notion of 2 - highly irregular fuzzy graphs.

Divya and Dr. J. Malarvizhi [1] introduced the notion of neutrosophic fuzzy graph and
few fundamental operation on neutrosophic fuzzy graph. This idea motivate us to introduce

regular and irregular neutrosophic fuzzy graphs.
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§82. Preliminaries

In this section, we recall the notions related to Neutrosophic set, fuzzy graph, Neutrosophic
fuzzy set and neturosophic fuzzy graph.

Definition 2.1([13]) Let X be a space of points with generic elements in X denoted by z. A
neutrosophic set A(NSA) is an object having the form

A={<x:Ta(x),la(x),Fa(z) >z € X},

where the functions T, 1, F —]|~0,17[ define respectively a truth membership function, an inde-
terminacy 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(z) < 37.
The functions Ta(z),Ia(x), Fa(z) are real standard or non standard subsets of |~0,17].

Definition 2.2([5]) A fuzzy graph is a pair of functions G = (o, 1), where o is a fuzzy subset of a
non-empty set V and is a symmetric fuzzy relation of o i.e 0 : V — [0,1] and pp: V xV — [0,1]
such that p(uv) < o(u)Ao(v) for Yu,v € V where uwv denote the edge between u and v and

o(u)Ao(v) denotes the minimum of o(u) and o(v), o is called the fuzzy verter set of V and p
is called the fuzzy edge set of E.

Definition 2.3([1]) Let X be a space of points with generic elements in X denoted by z.
A neutrosophic fuzzy set A(NFSA) is characterized by truth membership function Ta(z), an
indeterminacy membership function 14(x) and a falsity membership function Fa(x).

For each point x € X, Ta(x),Is(x), Fa(x) € [0,1]. A (NFSA) can be written as A = {<
x:Ta(x), La(x), Fa(z) >,z € X}.

Definition 2.4([1]) Let A= (Ta,Ia,Fa) and B = (T, I, Fg) be neutrosophic fuzzy sets on
a set X. If A = (Ta,1a,Fa) is a neutrosophic fuzzy relation on a set X, then A = (Ta,la, Fa)
is called a neutrosophic fuzzy relation on B = (T, I, Fp) if

Tp(z,y) < Ta(x).Taly),
Ip(z,y) < 1a(x).1a(y),
Fg(z,y) < Fa(z).Fa(y)

for all x,y € X, where . means the ordinary multiplication.

Definition 2.5([1]) A neutrosophic fuzzy graph (N Fgraph) with underlying set V is defined
to be a pair N = (A, B), where

(i) the functions Ta,Ia,Fa : V — [0,1] denote the degree of truth membership, degree of
indeterminacy membership and the degree of falsity membership of the element v; € V' respec-
tively and 0 < Tg(x) + La(x) + Fa(z) < 3;
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(i1) E CV x V where the functions Tp,Ip, Fp : V x V — [0,1] are defined by

Tg(vi,v;) < Ta(vi).Ta(vj),
Ip(vi,v;) < Ia(vi).1a(vj),
Fp(vi,vj) < Fa(vi).Fa(vs)

forallv;,v; € V, where . means ordinary multiplication denotes the degrees of truth membership,

indeterminacy membership and falsity membership of the edge (v;,v;) € E respectively, where
0<Tg(x)+Ip(x)+ Fp(x) <3

for all (v;,v;) € E (j=1,2,--- ,n).

83. Degree of Vertex in Neutrosophic Fuzzy Graphs

Throughout this paper, we denote G = (V, E) a crisp graph, Ng = (4, B) a neutrosophic fuzzy
graph of graph G.

Definition 3.1 Let Ng = (A, B) be a neutrosophic fuzzy graph. The neighbourhood degree of
a vertex x in Ng defined by

dng (2) = (degr (x), degr (x), degr(z)),

where

degr(z) = Y Tg(ay),

zyeE
degi(z) = Y Ip(zy),
zyeE
degp(z) = ZFB(my).
zyel

Example 3.2 Let N¢ be the neutrosophic fuzzy graph shown in Fig.1.

v1(0.21,0.31,0.41)

(0.03,0.04,0.05) (0.02,0.03,0.04)

03(0.2,0.3,0.4) 12(0.22,0.32,0.42)

Fig.1
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In this graph,

dn,, (v1) = (0.05,0.07,0.09),
dn., (v2) = (0.03,0.05,0.07),
dn.. (v3) = (0.04,0.06, 0.08).

Definition 3.3 Let Ng = (A, B) be a neutrosophic fuzzy graph. The closed neighbourhood
degree of a vertex x in Ng defined by

dng ] = (degr[z], degr(z], degrx]),

where
degr(z) = ) Tp(ry)+Talz),
zyeE
degr(z) = Z Ig(zy) + Ip(x),
zyelE
degr(z) = Z Fp(zy) + Fp(x).
zyeE

Example 3.4 Consider the neutrosophic fuzzy graph N¢g in Fig.2.

01(0.3,0.4,0.5) 12(0.2,0.3,0.4)

(0.01,0.02,0.03)

(0.03,0.04, 0.08) (0.02,0.03,0.04)

(0.04,0.05,0.06)

v4(0.2,0.3,0.4) v5(0.3,0.4,0.5)
In this graph, Fig.2
dno(v1) = (0.04,0.06,0.08), dy..(v2) = (0.03,0.05,0.07),
dno(vs) = (0.06,0.08,0.10), dy,(vs) = (0.07,0.09,0.14),
dng [v1] (0.34,0.46,0.58), dn[v2] = (0.23,0.35,0.47),
dni[vs] = (0.36,0.48,0.6), dn,[va] = (0.27,0.39,0.54).

84. Regular and Irregular Neutrosophic Fuzzy Graphs

Definition 4.1 A neutrosophic fuzzy graph is called reqular if all the vertices of Ng have the
same open neighbourhood degree.
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Example 4.2 Consider the neutrosophic fuzzy graph Ng shown in Fig.3.

v1(0.4,0.5,0.6) 02(0.1,0.2,0.3)

(0.01,0.02,0.03)

(0.02,0.03,0.04) (0.02,0.03,0.04)

(0.01,0.02, 0.03)

[ °
v4(0.2,0.3,0.4) v3(0.3,0.4,0.5)
Fig. 3
In this graph,
dn,(v1) = (0.03,0.05,0.07), dn,(ve) = (0.03,0.05,0.07),
dn,(v3) = (0.03,0.05,0.07), dn,(va) = (0.03,0.05,0.07).

Here all the vertices having same open neighbourhood degree. Hence this N¢g is regular

neutrosophic fuzzy graph.

Definition 4.3 A neutrosophic fuzzy graph is said to be irregular if there is a vertex which is

adjacent to vertices with distinct open neighbourhood degrees.

Example 4.4 Let N¢ be the neutrosophic fuzzy graph shown in Fig.4.

U1(0.1,0.270.3) 1)2(0.2,0.3,0.4) 1)3(0.2,0.3,0.4) 1)4(0.3,0.4,0.5)

(0.02,0.03,0.04) (0.03,0.05,0.07)

(0.01,0.02,0.03)

Fig4
In this graph,
dn,(v1) = (0.02,0.03,0.04), dy,(v2) = (0.03,0.05,0.07),
dn,(v3) = (0.04,0.07,0.10), dn,(v4) = (0.03,0.05,0.07).

Here there is a vertex vy adjacent to the vertices v; and vs which are having distinct open

neighbourhood degrees. Hence this graph is irregular neutrosophic fuzzy graph.

Definition 4.5 A neutrosophic fuzzy graph Ng is called totally irreqular neutrosophic fuzzy
graphs if there is a vertex which is adjacent to the vertices with distinct closed neighbourhood

degrees.

Example 4.6 Let Ng be the neutrosophic fuzzy graph shown in Fig.5.
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01(0.1,0.2,0.3) v2(0.2,03,04)  4,02,03,04)  ©4(0.2,0.3,0.4)

(0.02,0.03,0.04) (0.03,0.05,0.07)

(0.01,0.02,0.03)
Fig.5
In this graph,
) (0.02,0.03,0.04), dn(v2) = (0.03,0.05,0.07),
dn.(v3) = (0.04,0.07,0.10), dn,(v4) = (0.03,0.05,0.07),
] (
] (

0.12,0.23,0.34), d,[v2] = (0.23,0.35,0.47),
0.24,0.37,0.5), d,[v4] = (0.23,0.35,0.47).

Here there is a vertex v, adjacent to the vertices v; and v which are having distinct closed

neighbourhood degrees. Hence this graph is totally irregular neutrosophic fuzzy graph.

85. Neighbourly Irregular Neutrosophic Fuzzy Graphs

Definition 5.1 Let N¢g be a neutrosophic fuzzy graph. If every two adjacent vertices of Ng have
distinct open neighbourhood degrees, then it is referred as a neighbourly irregular neutrosophic
fuzzy graph.

Example 5.2 Let Ng be the neutrosophic fuzzy graph shown in Fig.6.

01(0.1,0.2,0.3)

(0.03,0.04, 0.05) (0.01,0.02,0.03)

(0.02,0.03,0.04)

v3(0.3,0.4,0.5) v2(0.2,0.3,0.4)
Fig.6
In this graph,
dn,(v1) = (0.04,0.06,0.08), dy,(ve) = (0.03,0.05,0.07),
dn,(v3) = (0.05,0.07,0.09).

Here every two adjacent vertices having distinct open neighbourhood degrees. Hence this
graph is neighbourly irregular neutrosophic fuzzy graph.

Definition 5.3 A neutrosophic fuzzy graph is said to be neighbourly totally irregular neu-
trosophic fuzzy graph if every two adjacent vertices in Ng have distinct closed neighbourhood
degrees.
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Example 5.3 Let Ng be the neutrosophic fuzzy graph shown in Fig.7.

1(0.2,0.4,0.6)

(0.06,0.08,0.12) (0.04, 0.06, 0.08)

v3(0.3,0.5,0.7) 12(0.3,0.5,0.7)

In this graph,

dys(v1) = (0.10,0.14,0.20), dy,,(v2) = (0.09,0.13,0.17),
dyg(vs) = (0.11,0.15,0.21), dy,[v1] = (0.20,0.44,0.80),
dno[ve] = (0.39,0.63,0.87), dy,[vs] = (0.41,0.65,0.91).

Here every two adjacent vertices having distinct closed neighbourhood degrees. Hence this

graph is neighbourly totally irregular neutrosophic fuzzy graph.

Observation 5.5 Every neighbourly irregular neutrosophic fuzzy graphs need not be a neigh-

bourly totally irregular neutrosophic fuzzy graph.

Example 5.6 Let N¢ be the neutrosophic fuzzy graph shown in Fig.8.

v1(0.21,0.31,0.41)

(0.03,0.04,0.05) (0.01,0.02,0.03)

v5(0.2,0.3,0.4) v(0.22,0.32,0.42)

In this graph,

dys(v1) = (0.04,0.06,0.08), dy,(vs) = (0.03,0.05,0.07),
dne(vs) = (0.05,0.07,0.09), dy.[v1] = (0.25,0.37,0.49),
dnovs] = (0.25,0.37,0.49), dy,.[vs] = (0.25,0.37,0.49).

Here, every pair of adjacent vertices having distinct open neighbourhood degrees but every
pair adjacent vertices having same closed neighbourhood degrees.

Hence Ng is neighbourly irregular neutrosophic fuzzy graph. But Ng is not neighbourly
totally irregular neutrosophic fuzzy graph.
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Observation 5.7 Every neighbourly totally irregular neutrosophic fuzzy graphs need not be
a neighbourly irregular neutrosophic fuzzy graph.

Example 5.8 Consider the neutrosophic fuzzy graph N¢g in Fig.9, we get that

dyg(v1) = (0.04,0.12,0.24), dy, (v2) = (0.04,0.12,0.24),
dyg(vs) = (0.04,0.12,0.24), dn,(vs) = (0.04,0.12,0.24),
dygv1] = (0.24,0.42,0.64), dy,[v2] = (0.14,0.22,0.54),
dnolvs] = (0.24,0.42,0.64), dy,[va] = (0.14,0.22,0.54).
01(0.2,0.3,0.4) 2(0.1,0.2,0.3)
(0.02,0.06,0.12)
(0.02,0.06,0.012) (0.02,0.06,0.12)

(0.02,0.06, 0.12)

v4(0.1,0.2,0.3) v3(0.2,0.3,0.4)
Fig.9

Here every pair of adjacent vertices having distinct closed neighbourhood degrees. But
every pair adjacent vertices having same open neighbourhood degrees. Hence N¢ is neighbourly
totally irregular neutrosophic fuzzy graph. But Ng is not neighbourly irregular neutrosophic
fuzzy graph.

86. Highly Irregular Neutrosophic Fuzzy graphs

Definition 6.1 Let Ng be a neutrosophic fuzzy graph. If every vertex in N¢g is adjacent to ver-
tices with distinct open neighbourhood degrees, then it is called as highly irregular neutrosophic
fuzzy graph.

Example 6.2 Consider the neutrosophic fuzzy graph N¢ shown in Fig.10.
v1(0.3,0.4,0.5)

(0.01,0.02, 0.03)
(0.05,0.06, 0.07)

05(0.2,0.3,0.4) v2(0.1,0.2,0.3)

(0.04,0.05, 0.06) (0.02,0.03,0.04)

0.3,0.5,0.7
01(04,0.5,0.6) (0.03,000,005) " )

Fig.10
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In this graph,

dn.(v1) = (0.06,0.08,0.10), dx,,(v2) = (0.03,0.05,0.07),
dn.(vs) = (0.05,0.07,0.09), dn,(vs) = (0.07,0.09,0.11), dy, (vs) = (0.09,0.11,0.13).

Here every vertex in N¢ is adjacent to vertices with distinct open neighbourhood degrees.

Hence this N¢ is highly irregular neutrosophic fuzzy graph.

Definition 6.3 Let Ng be a neutrosophic fuzzy graph. If every vertex in Ng is adjacent to
vertices with distinct closed neighbourhood degrees, then it is called as highly totally irreqular

neutrosophic fuzzy graph.

Example 6.4 Let N¢ be the neutrosophic fuzzy graph shown in Fig.11.

01(0.2,0.3,0.4)

(0.03,0.04,0.05 (0.01,0.02,0.03)

(0.02,0.03,0.04

v3(0.4,0.5,0.6) v2(0.3,0.4,0.5)
Fig.11
In this graph,
dyg(v1) = (0.04,0.06,0.08), dy,(vs) = (0.03,0.05,0.07),
dne(v3) = (0.05,0.07,0.09), dn,[v1] = (0.24,0.36,0.48),
dng[va] = (0.33,0.45,0.57), dn,[vs] = (0.45,0.57,0.69).

Here every vertex in Ng is adjacent to vertices with distinct closed neighbourhood degrees.
Hence this Ng is highly totally irregular neutrosophic fuzzy graph.

Observation 6.5 Every highly irregular neutrosophic fuzzy graphs need not be a highly totally
irregular neutrosophic fuzzy graph.

Example 6.6 Consider the neutrosophic fuzzy graph Ng shown in Fig.12.

v1(0.32,0.42,0.42) v2(0.3,0.4,0.5)
(0.01,0.02, 0.03)

(0.03,0.04, 0.08) (0.02,0.03,0.04)

(0.04,0.05,0.06)

v4(0.26,0.36,0.46) v3(0.3,0.4,0.4)
Fig. 12
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In this graph,

dng(v1) = (0.04,0.06,0.08), dy,(va) = (0.03,0.05,0.07),
dng(v3) = (0.06,0.08,0.10), dpn,(vs) = (0.07,0.09,0.11),
dng[v1] = (0.36,0.48,0.5), dn[v2] = (0.33,0.45,0.57),
dygvs] = (0.36,0.48,0.5), dn[va] = (0.33,0.45,0.57).

Here, every vertex in N¢ is adjacent to vertices with distinct open neighborhood degrees.
But a vertex vy adjacent to the vertices v; and vs which are having same closed neighbourhood
degrees. Hence N is highly irregular neutrosophic fuzzy graph. But Ng is not highly totally

irregular neutrosophic fuzzy graph.

Observation 6.7 Every highly totally irregular neutrosophic fuzzy graph needs not be a highly

irregular neutrosophic fuzzy graph.
Example 6.8 Consider the neutrosophic fuzzy graph Ng shown in Fig.13. We know that

) (0.05,0.07,0.09), dy,(vs) = (0.05,0.07,0.09),
dng (v3) (0.04,0.06,0.08), dng (v4) = (0.03,0.05,0.07),
dn.(vs) = (0.05,0.07,0.09), dy[v:] = (0.35,0.47,0.57),

] (0.15,0.27,0.39), dn,[vs] = (0.34,0.36,0.48),

] (0.13,0.25,0.37), dn,[vs] = (0.25,0.37,0.49).

dng (01

AN [v2

dng[va

Here, every vertex in Ng is adjacent to the vertices with distinct closed neighbourhood
degrees. But a vertex wvo is adjacent to the vertices v; and vs which are having same neigh-

bourhood degrees. Hence N¢ is highly totally irregular neutrosophic fuzzy graph. But Ng is
not highly irregular neutrosophic fuzzy graph.

v1(0.3,0.4,0.5)

(0.02,0.03,0.04)
(0.03,0.04,0.05)

05(0.2,0.3,0.4) 2(0.1,0.2,0.3)

(0.02,0.03,0.04) (0.03,0.04,0.05)

v3(0.3,0.3,0.4
v4(0.1,0.2,0.3)  (0.01,0.02,0.03) sl )

Fig.13

Theorem 6.9 Let Ng be a neutrosophic fuzzy graph. Then Ng is highly irregular neutrosophic
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fuzzy graph and neighbourly irreqular neutrosophic fuzzy graph iff the open neighbourhood degrees
of all the vertices of Ng are distinct.

Proof Let Ng be a neutrosophic fuzzy graph with n vertices vy, vs, -+ ,v,. Suppose Ng is
both highly and neighbourly irregular neutrosophic fuzzy graph. we shall show that the open
neighbourhood degrees of all the vertices of N¢g are distinct.

Let dn, (vi) = (degr(vi),degr(vs),degr(vi)), ¢ = 1,2,--- ,n. Let the adjacent vertices of
v1 be vy, v3, -, v, With open neighbourhood degrees

(degr(v2), degr(v2), degr(v2)),
(degT ('03)a degl(v3)’ degr (v3))’

(degr (Un) ,degr (Un) ,degr (Un)) )

respectively. Since Ng is highly irregular neutrosophic fuzzy graph, we have

degr(v2) # degr(v3) # - - - # degr(vn),
degr(v2) # degr(vs) # - -~ # degi(vn),
degr(v2) # degp(vs) # - # degp(vn).

Also since N¢ is neighbourly irregular neutrosophic fuzzy graph, we have

degr(v1) # degr(v2) # degr(vs) # - - - # degr(vy,),
degr(v1) # degr(v2) # degy(vs) # -+ # degi(vn),
degp(v1) # degrp(v2) # degp(vs) # -+ - # degp(vy,).

Thus,

(degr(v1),degr(v1), degr(v1)) # (degr(v2),degr(vs),degrp(v2))
7& . 7£ (degT(vn), d@gj(’l)n)7 degF(Un))'

Hence the open neighbourhood degrees of all vertices are distinct.

Conversely, suppose we take the neighbourhood degrees of all vertices are distinct. To
show that Ng is highly and neighbourly irregular neutrosophic fuzzy graphs. Let dn, (v;) =
(degr(v;),degr(vi), degr(v;)), i =1,2,--- ,n.

Given that

degr(v1) # degr(v2) # degr(v3) # - - - # degr(vy),
degr(v1) # degr(v2) # degr(v3) # - - # degr(vn),
degr(v1) # degr(va) # degr(vs) # - - # degr(vn).

Therefore, any two adjacent vertices have distinct open neighbourhood degrees and also
every vertex, which is adjacent to the vertices having distinct open neighbourhood degrees.

Hence N¢ is both highly and neighbourly irregular neutrosophic fuzzy graphs. O

Theorem 6.10 Let N¢g be neutrosophic fuzzy graph. If Ng is neighbourly irreqular neutrosophic
fuzzy graph and (Ta,1a,Fa) is a constant function, then Ng is a neighbourly totally irreqular
neutrosophic fuzzy graph.
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Proof Let Ng be a neighbourly irregular neutrosophic fuzzy graph. Let v;,v; € V, where

v; and v; are adjacent vertices with distinct open neighbourhood degrees
(degr(v1),degr(v1),degr(v1)) and (degr(va),degr(v2), degr(vz2))

respectively.

Suppose we assume that
(Ta(vi), La(vi), Fa(vi)) = (Ta(vj), La(v;), Fa(v;)) = (c1, c2, ¢3),

where ¢, ¢, c3 are constants and ¢y, ¢z, ¢35 € [0,1]. Then,

degrvi] = degr(vi) + Ta(vi) = degr(vi) + c1,
degrlvi] = degr(vi) + 1a(vi) = degr(vs) + c2,
degr[vi] = degr(v;) + Fa(v;) = degp(v;) + c3,
degr[v;] = degr(v;) +Ta(v;) = degr(vj) + c1,
degr[vj] = degr(v;) + La(vj) = degr(v;) + c2,
degr(v;] = degr(vj) + Fa(v;) = degr(v;) + c3.

We need to show that degrv;] # degrlv;|, degrlvi] # degr[v;] and degr|v;] # degr|v;].
Suppose

degr(v;) + c1 = degr(v;) + c1

)
)
)
)

degr[vi] = degr[v;] = (vs

= degr(v;) —degr(v;) =c1 — 1

= degr(v;) — degr(v;) =0
( p—

= degr(v; degr(vj),

which is a contradiction to the fact that degr(v;) # degr(v;). Therefore, degr|v;] # degr|v;].

Similarly, degr[vi] # degr[v;], degr[v;] # degr[v;]. Hence N¢ is neighbourly totally irreg-
ular neutrosophic fuzzy graph. O

Observation 6.11 Every neighbourly irregular neutrosophic fuzzy graph need not be a highly

irregular neutrosophic fuzzy graph.

Example 6.12 Consider the neutrosophic fuzzy graph Ng shown in Fig.14.

1(0.1,0.2,0.3) 2(0.2,0.3,0.4)
(0.02,0.03,0.04)

(0.05,0.06,0.012) (0.03,0.04,0.05)

(0.04,0.05,0.06)

v4(0.5,0.6,0.7) v3(0.3,0.4,0.5)
Fig. 14
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In this graph,

dng (v1) (0.07,0.09,0.1), dy, (vs) = (0.05,0.07,0.09),
dyg(vs) = (0.07,0.09,0.11), dy, (vs) = (0.09,0.11,0.17).

Here, every two adjacent vertices having distinct open neighbourhood degrees. But a
vertex vy adjacent to the vertices v1 and v3 which are having same open neighbourhood degree.
Hence N¢ is neighbourly irregular neutrosophic fuzzy graph. But N¢g is not highly irregular
neutrosophic fuzzy graph.

Observation 6.13 Every neighbourly totally irregular neutrosophic fuzzy graph need not be
a highly totally irregular neutrosophic fuzzy graph.

Example 6.14 Consider the neutrosophic fuzzy graph Ng shown in Fig.15.

v1(0.2,0.3,0.4) v2(0.2,0.3,0.4)

. »
(0.02,0.03,0.04)

(0.05, 0.06,0.07) (0.03,0.04,0.05)

(0.04, 0.05, 0.06)

[ ®
v4(0.3,0.4,0.5) v3(0.2,0.3,0.4)
Fig. 15
In this graph,
dn,(v1) = (0.07,0.09,0.11), dn,(v2) = (0.05,0.07,0.09),
dn.(v3) = (0.07,0.09,0.11), dn,(v4) = (0.09,0.11,0.13),
dn.[v1] = (0.27,0.39,0.51), dn,[v2] = (0.25,0.37,0.49),
dng[vs] = (0.27,0.39,0.51), dn,[va] = (0.39,0.51,0.63).

Here every two adjacent vertices having distinct closed neighbourhood degrees but a vertex
vo adjacent to the vertices v; and vs having same closed neighbourhood degree. Hence Ng is
neighbourly totally irregular neutrosophic fuzzy graph. But N¢ is not highly totally irregular
neutrosophic fuzzy graph.

Observation 6.15 Every highly irregular neutrosophic fuzzy graph need not be a neighbourly
irregular neutrosophic fuzzy graph.

Example 6.16 Consider the neutrosophic fuzzy graph Ng shown in Fig.16.
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v1(0.1,0.2,0.3) v5(0.2,0.3,0.4)  4(0.1,0.2,0.3) ©4(0.2,0.3,0.4)

(0.01,0.02,0.03) 0.01,0.02,0.03)

(0.01,0.02, 0.03) (

Fig.16
In this graph,
dn,(v1) = (0.01,0.02,0.03), dn,(v2) = (0.02,0.04,0.06),
dn.(v3) = (0.02,0.04,0.06), dn,.(vs) =(0.01,0.02,0.03).

Here, every vertex is adjacent to the vertices with distinct degrees but the two adjacent
vertices vy and v3 have same degree. Hence Ng is highly irregular neutrosophic fuzzy graph.

But Ng is not neighbourly irregular neutrosophic fuzzy graph.

Observation 6.17 Every highly totally irregular neutrosophic fuzzy graph need not be a
neighbourly totally irregular neutrosophic fuzzy graph.

Example 6.18 Consider the neutrosophic fuzzy graph Ng shown in Fig.17.

v1(0.2,0.3,0.4) v2(0.1,0.2,0.3) v3(0.1,0.2,0.3) v4(0.2,0.3,0.4)

(0.01,0.02,0.03)

Fig.17

In this graph,

dyne(v1) = (0.01,0.02,0.03), dy,(v2) = (0.02,0.04,0.06),
dyg(vs) = (0.02,0.04,0.06), dy,(vs) = (0.01,0.02,0.03),
dyg] = (0.21,0.32,0.43), dy,[va] = (0.12,0.24,0.36),
dnolvs] = (0.12,0.24,0.36), dy[v1] = (0.21,0.32,0.43).

Here, every vertex is adjacent to the vertices with distinct closed neighborhood degrees
but the two adjacent vertices vs and vs have same closed neighbourhood degree. Hence N¢ is
highly totally irregular neutrosophic fuzzy graph. But N¢ is not neighbourly totally irregular
neutrosophic fuzzy graph.

Theorem 6.19 Let Ng be a neutrosophic fuzzy graph. If Ng is neighbourly totally irregular
neutrosophic fuzzy graph and (Ta,Ia,Fa) is a constant function. Then Ng is neighbourly

irreqular neutrosophic fuzzy graph.

Proof Let Ng be a neighbourly totally irregular neutrosophic fuzzy graph. Then by
definition, the closed neighbourhood degree of every two adjacent vertices are distinct. Let
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v;,v; € V, where v;,v; are adjacent vertices with distinct closed neighbourhood degrees. To

prove this Ng is neighbourly irregular neutrosophic fuzzy graph. Suppose we assume that
(Ta(vi), La(vi), Fa(vi)) = (Ta(vs), La(vj), Fa(vs)) = (c1,c2,¢3),

where c1, ¢z, 3 are constants and ¢, ¢2, ¢3 € [0, 1] and deg[v;] # deg[v;]. We show that deg(v;) #
deg(v;). Since deglv;] # deg[v;], we have

degr(vi] # degrlv;], degr[vi] # degrlvj], degr[vi] # degrlv;].
Now take
degr(vi] # degr[v;] = degr(v;) + c1 # degr(vj) + 1

= degr(v;) —degr(vj) #c1—c1 =0
= degr(v;) # degr(v;).

Similarly, degr(v;) # degr(v;) and degr (v;) # degr(v;). Therefore, the degree of v;,v; € V
are distinct. This result is true for all pair of adjacent vertices in Ng. Hence N¢ is neighbourly

irregular neutrosophic fuzzy graph. U

Observation 6.20 Let Ng be a neutrosophic fuzzy graph, where N¢ is a cycle with (T, I, Fi)
is a constant function, Then N¢g is neighbourly and highly regular neutrosophic fuzzy graph.

Example 6.21 Let Ng be the neutrosophic fuzzy graph shown in Fig.18. Then, we know that

dys(v1) = (0.02,0.04,0.06), dy,(vs) = (0.02,0.04,0.06),
dyg(vs) = (0.02,0.04,0.06).

Here, every two adjacent vertices having same degree and every vertex adjacent to the
vertices having same degree. Hence Ng is neighbourly and highly regular neutrosophic fuzzy

graph.

01(0.2,0.3,0.4)

(0.01,0.02, 0.03) (0.01,0.02,0.03)

(0.01,0.02,0.03
v3(0.1,0.2,0.3) 02(0.3,0.4,0.5)

Fig.18

Observation 6.22 Let N be a neutrosophic fuzzy graph, where N¢ is a cycle with (T4, T4, Fa)
and (T, Ip, Fp) is a constant function, Then N is neighbourly and highly regular neutrosophic
fuzzy graph.
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Example 6.23 Consider the neutrosophic fuzzy graph Ng shown in Fig.19.

01(0.1,0.2,0.3) 2(0.1,0.2,0.3)
(0.02,0.06,0.12)

(0.02,0.06,0.012) (0.02,0.06,0.12)

(0.02,0.06,0.12)

v4(0.1,0.2,0.3) v5(0.1,0.2,0.3)

Fig. 19

In this graph,

dng(v1) = (0.04,0.12,0.24), dn,(va) = (0.04,0.12,0.24),
dng(v3) = (0.04,0.12,0.24), dp,(vs) = (0.04,0.12,0.24),
dnglvi] = (0.14,0.22,0.54), dng[ve] = (0.14,0.22,0.54),
dyglvs] = (0.14,0.22,0.54), dn,[va] = (0.14,0.22,0.54).

Here, every two adjacent vertices having same closed neighbourhood degree and every ver-

tex adjacent to the vertices having same closed neighbourhood degree. Hence Ng is neighbourly

and highly regular neutrosophic fuzzy graph.
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