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Abstract.

In this paper, we discuss spacial types of bipolar neutrosophic graphs, including edge
irregular bipolar neutrosophic graphs and totally edge irregular bipolar neutrosophic
graphs. We illustrate these types by several examples and investigate some of their
interesting properties.
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1. Introduction

Fuzzy set theory plays a vital role in complex phenomena which is not easily
characterized by classical set theory. The concept of bipolar fuzzy sets [20] is a
new mathematical theory for dealing with uncertainty. Bipolar fuzzy sets are the
extension of fuzzy sets whose membership degree lies in the interval [—1,1]. The
membership degree (0, 1] shows that the element satisfies a certain property. The
membership degree [—1,0) shows that the object satisfies the implicit counter
property. Positive information indicates what is considered to be possible and
negative information represent what is granted to be impossible. In fact, a num-
ber of decision making problems are depend on two-sided bipolar judgements on
a positive side and a negative side. Smarandache [16, 17] proposed the idea of
neutrosophic sets by combining the non-standard analysis. In neutrosophic set,
the membership value is associated with three components: truth-membership,
indeterminacy-membership and falsity-membership, in which each membership
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value is a real standard or non-standard subset of the non-standard unit interval
J07,17[ and there is no restriction on their sum. Neutrosophic set is a mathe-
matical tool for dealing real life problems having imprecise, indeterminate and
inconsistent data. Neutrosophic set theory is considered as a generalization of
classical set theory, fuzzy set theory and intuitionistic fuzzy set theory. Wang et
al. [18] presented the notion of single-valued neutrosophic sets to apply neutro-
sophic sets in real life problems more conveniently. In single-valued neutrosophic
sets, three components are independent and their values are taken from the stan-
dard unit interval [0, 1]. Recently, as a generalized form of bipolar fuzzy sets and
single-valued neutrosophic sets, bipolar neutrosophic sets are defined by Deli et
al. [9].

Graph theory has become a powerful conceptual framework for modeling and
solution of combinatorial problems that arise in various fields, including mathe-
matics, engineering and computer science. However, in some cases, some aspects
of graph theoretic concepts may be uncertain. In such cases, it is important to
deal with uncertainties using the methods of fuzzy sets and logics. Kaufmann [11]
gave the definition of a fuzzy graph on the basis of Zadeh’s fuzzy relations [19].
Fuzzy graphs were narrated by Rosenfeld [14]. After that, some remarks on fuzzy
graphs were represented by Bhattacharya [8]. He showed that all the concepts
on crisp graph theory do not have similarities in fuzzy graphs. Santhimaheswari
and Sekar [15] studied strongly edge irregular fuzzy graphs and strongly edge
totally irregular fuzzy graphs. In [1-6], Akram with his different co-authors has
discussed several concepts, including bipolar neutrosophic graphs, bipolar neu-
trosophic planar graphs, vague graphs, bipolar neutrosophic graph structures
and m-polar fuzzy graphs. In this paper, we discuss spacial types of bipolar
neutrosophic graphs, including edge irregular bipolar neutrosophic graphs and
totally edge irregular bipolar neutrosophic graphs. We illustrate these types by
several examples and investigate some of their interesting properties.

2. Bipolar Neutrosophic Graphs

Definition 2.1./18] A bipolar fuzzy set S on a non-empty set M is an object
having the form

§ = {(my " (m), = (m)) : m € M},

where the mappings p+ : M — [0,1] and p~ : M — [—1,0] denote the positive
membership function and the negative membership function, respectively. The
positive membership value p+(m) and the negative membership value p=(m) of
an element m indicate the strength of satisfaction of element m to a certain
property and the strength of satisfaction of element m to some counter property
of bipolar fuzzy set S.

o If ut(m) # 0 and u=(m) = 0, then it will show that element m has only
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truth satisfaction value for the property of S.

o If pt(m) = 0 and p~(m) # 0, then it will show that element m is not
satisfying the property of S but satisfying the counter property of S.

o Ifut(m) 0 andpu~(m) # 0, then it will show that element m is satisfying
the property of S as well as the counter property of S.

Definition 2.2./9] A bipolar neutrosophic set S on a non-empty set M is an object
having the form

S = {(m,t*(m),i" (m), f*(m),t™ (m),i" (m), [~ (m)) : m € M},

where the mappings t1,i7, f* : M — [0,1] and t~,i~, f~ : M — [—1,0] denote
the positive membership functions and the negative membership functions, respec-
tively. The positive membership values tT(m),i*(m), fT(m) and the negative
membership values t~(m),i~(m), f~(m) of an element m indicate the strength
of truth, indeterminacy, falsity of element m to a certain property of bipolar
neutrosophic set S and the strength of truth, indeterminacy, falsity of element
m to some counter property of bipolar neutrosophic set S.

Definition 2.3./9/ Let M be a non-empty set. A bipolar neutrosophic relation T on
M is a mapping T : M xM — [0,1] x[—1,0] having the form T = {mn,t}(mn),
i4(mn), £ (mn), t7(mn), ig(mn), fr (mn) :mn € M x M}, where t, it f}
: M —[0,1] and t;, iy, fr : M — [=1,0] are the membership functions.

Definition 2.4./9] A bipolar neutrosophic graph G = (S,T) on M is a pair, where
S = (ul, ug) is a bipolar neutrosophic set on M and T = (u, uy) is a bipolar
neutrosophic relation on M such that

° t;(mn) < t*s'(m)/\tg (n), z}'(mn) < zg(m)/\zg(n), f;’(mn) < f;(m)\/
fs(n),

o tr(mn) > tg(m)Vtg(n), ip(mn)>ig(m)Vig(n), fr(mn)> fg(m)A
fs (n),

for all m,n € M, where T(mn) = (0,0,0, 0,0,0) for all mn € Mx M — L.

Note that S and T are called the bipolar neutrosophic vertex set and the bipolar
neutrosophic edge set of G, respectively.

Ezample 2.5. Consider a crisp graph G* = (M, L) such that M = {my, ma, ms,
ma, ms} and L = {mymyg, mamyg, mams, msms}. Let M and L be a bipolar
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Table 2: Bipolar neutrosophic edge set

T mimay momay moms msmes

tr | 0.1 0.2 0.1 0.2

iz | 0.3 0.3 0.2 0.4
5103 0.4 0.5 0.5

tr | —0.1 —-0.4 -0.3 -0.3

ity | —0.3 -0.3 -0.2 -0.2

fr | —0.3 —-0.5 -0.5 —-0.5

neutrosophic subset of M and a bipolar neutrosophic subset of L C M xM,
respectively, defined by

Table 1: Bipolar neutrosophic vertex set
S ma mo ms my ms
ti 01 (04 [02 [02 [02
ic 104 |03 |04 J05 |04
103 J04 03 03 [05
ts | 03] 05[] -0.7] -05] -04
ig | 05| 03] -02]-04]-03
fs | -02]-06]-04]-03]-0.6

m2(0.4,0.3,0.4, —0.5, —0.3, —0.6)

B
&
/

m1(0.1,0.4,0.3, 0.3, —0.5, —0.2)
¥ m3(0.2,0.4,0.3,-0.7, 0.2, —0.4)
(=4

m4(0.2,0.5,0.3, —0.5, —0.4, —0.3)
m4(0.2,0.4,0.5,—0.4, —0.3, —0.6)

Figure 1: Bipolar neutrosophic graph G

Definition 2.6. The degree and the total degree of a vertex m of a bipolar neutro-
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sophic graph G are denoted by Dg(m) = (Dy+(m), Di+(m), Dy+(m), Dy-(m),

D,-(m), Dy-(m)) and TDg(m) = (TDy+ (m), TD;+(m),
TDyg+(m), TDy-(m), TD;-(m), TDy-(m)), respectively, and are defined as

De(m) = () th(mn), Y ig(mn), Y fF(mn), Y tr(mn), Yy iz(mn),

> fr(mn)),
m#n

TDa(m) = (Y th(mn) +t§(m), Y if-(mn) +i5(m), Y f7(mn) + f§(m),
> tr(mn) +t5(m), 3 ig(mn) +ig(m), > f7(mn)+ f5 (m)),
m#n m#n m#n

formn € L, where m € M.

Definition 2.7. A bipolar neutrosophic graph G = (S,T) is called an irregular
bipolar meutrosophic graph if there exists a vertex which is adjacent to vertices
with distinct degrees. A bipolar neutrosophic graph G = (S, T) is called a totally
irregular bipolar neutrosophic graph if there exists a vertexr which is adjacent to
vertices with distinct total degrees.

Ezample 2.8.

m1(0.8,0.5,0.6,—0.5,—0.6, —=0.7)  ma(0.7,0.4,0.5,—0.4, —0.5, —0.6)
704,0.4,0.3,-0.2, 05, 03) 9

(0.4,0.4,0.3,-0.2,—0.5, —0.3)
(60— 70— ‘90— ‘L0°€°0°9°0)

L(m, 04,03 -0.2,-05,-0.3) |
m3(0.9,0.5,0.8,-0.7, —0.6, —0.8) m4(1.0,0.6,0.4, —0.3, ~0.7, —0.9)

Figure 2: Irregular bipolar neutrosophic graph G

Consider a crisp graph G* = (M, L) such that M = {mq, ma, ms, m4} and
L = {mymsg, myms, may
my, mgmy . The corresponding bipolar neutrosophic graph G = (S, T) is shown
in Fig. 2. By direct calculations, we have Dg(m1) = Dg(ms) = (0.8,0.8,0.6,
0.4, 1.0,
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—0.6), Dg(ms) = Dg(my) = (1.0,0.7,1.0, —0.8,—0.9, —0.8), TDg(m1) = (1.6,
1.3,1.2,-0.9,—-1.6,—1.3), TDg(ms) = (1.7,1.1,1.5, —1.2, -1.4,—1.4), TDg(m3)
=(1.7,1.3,14,—-1.1,-1.6,—1.4) and TDg(m4) = (2.0,1.3,1.4,-1.1,—-1.6, —1.7).
It is easy to see that m; is adjacent to vertices of distinct degrees and distinct
total degrees. Therefore, G is an irregular bipolar neutrosophic graph as well as
totally irregular bipolar neutrosophic graph.

Definition 2.9. A bipolar neutrosophic graph G = (S,T) is called a strongly
irreqular bipolar neutrosophic graph if each vertex has distinct degree. A bipo-
lar neutrosophic graph G = (S,T) is called a strongly totally irregular bipolar
neutrosophic graph if each vertex has distinct total degree.

Ezample 2.10. Consider a crisp graph G* = (M, L) such that M = {my, ma,
ms} and L = {mima, mams, mgmy}. The corresponding bipolar neutrosophic
graph G = (5,T) is shown in Fig. 3.

m1(0.4,0.3,0.3,—0.4,—-0.2,—-0.5)

m3(0.2,0.5,0.6,—0.5,—0.3,—0.6)  m2(0.5,0.4,0.4,—0.5,-0.3, —0.6)

Figure 3: Strongly irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(mq) = (0.3,0.4,0.7, —0.8, 0.3, —0.4),
Da(mz) = (0.3,0.5,0.6, —0.6, —0.2, —0.6), D (m3) = (0.2,0.5,0.9, —0.8, —0.3,
—0.4), TD(m1) = (0.7,0.7,1.0, —1.2, —0.5, —-0.9), TD(m2) = (0.8,0.9,1.0, — 1.1,
—0.5,—1.2) and TD(ms) = (0.4,1.0,1.5, —1.3,—0.6, —1.0). From Fig. 3, it is
clear that each vertex has distinct degree and distinct total degree. Therefore,
G is strongly irregular bipolar neutrosophic graph as well as strongly totally
irregular bipolar neutrosophic graph.

Definition 2.11. A bipolar neutrosophic graph G = (S,T) is called a highly
irreqular bipolar neutrosophic graph if each verter in G is adjacent to vertices
having distinct degrees. A bipolar neutrosophic graph G = (S,T) is called a
highly totally irregular bipolar neutrosophic graph if each vertex in G is adjacent
to vertices having distinct total degrees.
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Ezample 2.12. Consider the bipolar neutrosophic graph G = (S, T) as shown in
Fig. 2. It is easy to see that each vertex is adjacent to vertices of distinct degree
therefore G is highly irregular bipolar neutrosophic graph and highly totally
irregular bipolar neutrosophic graph.

Definition 2.13. The degree and the total degree of an edge mn of a bipolar neu-
trosophic graph G are denoted by Dg(mn) = (Di+(mn), D+ (mn), D+ (mn),
Dy (mn), D;-(mn), Ds-(mn)) and TDg(mn) = (TDy(mn), TD;+(mn),
TDy+(mn), TD-(mn), TD;-(mn), TDs-(mn)), respectively, and are defined
as

Dg(mn) = Dg(m) + Dg(n) — 2(t}(mn), i}(mn), f;f(mn),t; (mn),ip(mn),

[z (mn)),

TDe(mn) = Dg(mn) + (t3.(mn), ip.(mn), f7 (mn), tz(mn), iz (mn), fr (mn)).

Definition 2.14. A connected bipolar neutrosophic graph G = (S,T) is called a
neighbourly edge irregular bipolar neutrosophic graph if every two adjacent edges
in G have distinct degrees. A connected bipolar neutrosophic graph G = (S,T)
is called a meighbourly edge totally irreqular bipolar neutrosophic graph if every
two adjacent edges in G have distinct total degrees.

Ezample 2.15. Consider a crisp graph G* = (M, L) such that M = {my, ma, m3}
and L = {myma, mams, mgm1}. The corresponding bipolar neutrosophic graph
G = (5,T) is shown in Fig. 4.

m2(0.6,0.2,0.5,—0.4, —0.2, —0.5) m3(0.7,0.3,0.6,—0.5, —0.3, —0.6)

(0.4,0.1,0.4,—0.3, —0.1, —0.3)

m1(0.4,0.4,0.8,—0.7, —0.4, —0.3)

Figure 4: Strongly irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(mq) = (0.5,0.3,1.3, —1.1,-0.3,—0.3),
De(ms) = (0.7,0.2,1.1, —0.9, 0.2, —0.5) and D¢ (ms) = (0.6,0.3, 1.0, —0.8, —0.
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3,—0.4). The degree of each edge is Dg(mims) = (0.6,0.3,1.0, —0.8, —0.3, —0.4),
Da(mims) = (0.7,0.2,1.1, —0.9,—-0.2,-0.5) and Dg(mams) = (0.5,0.3,1.3,
—1.1,-0.3,—-0.3). From Fig. 4, it is clear that every two adjacent edges in G
have distinct degrees therefore G is neighbourly edge irregular bipolar neutro-
sophic graph. It is also clear that every two adjacent edges in G have distinct
total degrees therefore G is neighbourly edge totally irregular bipolar neutro-
sophic graph.

Definition 2.16. Let G* be a crisp graph. A bipolar neutrosophic graph G =
(S, T) of G* is called a strongly edge irregular bipolar neutrosophic graph if each
edge in G has distinct degree, that is, no two edges in G have the same degree.

Ezample 2.17. Consider a crisp graph G* = (M, L) such that M = {mq,ma, m3}
and L = {myma, mims, mams}. The corresponding bipolar neutrosophic graph
G = (5,T) is shown in Fig. 5.

m2(0.7,0.7,0.2, —0.1, —0.6, —0.8)

&

T

T

&

T

&

S

=

P

s

2] (02,03,04,-0.3,-0.2,-0.3)
m3(0.5,1.0,0.4, —0.3, —0.9, —0.6) m1(0.3,0.3,0.6, —0.5, —0.2, —0.4)

Figure 5: Strongly edge irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(mq) = (0.4,0.5,0.6, —0.4, 0.3, —0.6),
Da(me) = (0.6,0.9,0.4, 0.2, —0.7, —0.8), and Dg(ms) = (0.6,1.0,0.6, —0.4, —0.
8, —0.8). The degree of each edge is D (m1ms) = (0.6,1.0,0.6, —0.4, —0.8, —0.8),
Da(mims) = (0.6,0.9,0.4, —0.2,—0.7,—0.8) and Dg(maems) = (0.8,0.5,0.6,
—0.4,—0.3,—0.4). Since no two edges in G have the same degree therefore G is
a strongly edge irregular bipolar neutrosophic graph.

Definition 2.18. Let G* be a crisp graph. A bipolar neutrosophic graph G =
(S, T) of G* is called a strongly edge totally irreqular bipolar neutrosophic graph
if each edge in G has distinct total degree, that is, no two edges in G have the
same total degree.

Ezample 2.19. Consider a crisp graph G* = (M, L) such that M = {my, ma,
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ms, ma} and L = {mima, mimy, mams, mamys}. The corresponding bipolar
neutrosophic graph G = (S,T) is shown in Fig. 6.

m2(0.4,0.8,0.3,—0.4, -0.2, —0.3)

m4(0.4,0.8,0.4, —0.6, —0.3, —0.5)

Figure 6: Strongly edge totally irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(m;) = (0.8,0.5,0.6,—0.2,—0.2, —0.8),
Da(me) = (0.6,0.4,0.4, —0.4,—0.2, —0.5), D (ms) = (0.3,0.4,0.6, —0.6, —0.3,
—0.7) and Dg(m4) = (0.5,0.5,0.8,—0.4,—0.3, —1.0). The total degree of each
edge is TDg(m1me2)(1.0,0.7,0.8, —0.5, 0.3, —1.0), T D (m1m4)(0.9,0.7, 1.0, —O0.
5,—0.4,—1.3), TDg(mams)(0.7,0.6,0.8, —0.7, —0.4, —1.0) and T D¢ (m3m4)(0.6,
0.5,0.6,—0.4, —0.2,—0.7). Since no two edges in G have the same total degree
therefore G is a strongly edge totally irregular bipolar neutrosophic graph.

Remark 2.20. A strongly edge irregular bipolar neutrosophic graph G may not
be strongly edge totally irregular bipolar neutrosophic graph.

Ezample 2.21. Consider a crisp graph G* = (M, L) such that M = {mq, ma, m3}
and L = {myma, mym3, mams}. The corresponding bipolar neutrosophic graph
G = (S8,T) is shown in Fig. 7.
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ms(0.8,0.4,0.5,—0.6, —0.3, —0.9)

m2(0.3,1.0,0.4,—0.5, —0.9, —0.4)

Figure 7: Strongly edge irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(m1) = (0.8, 0.5,0.4, —0.6,—0.3, —1.0),
Da(me) = (0.5,0.6,0.7, —0.9, —0.4, —0.7) and D (ms) = (0.9, 0.7,0.5, —0.7, —0.
5, —1.1). The degree of each edge is Dg(mims) = (0.9, 0.7,0.5, —0.7, —0.5, —1.1),
Da(mams) = (0.8,0.5,0.4, —0.6,—0.3,—1.0) and Dg(mims) = (0.5,0.6,0.7,
—0.9,—0.4,—-0.7). Since all the edges have distinct degrees therefore G is a
strongly edge irregular bipolar neutrosophic graph. The total degree of each edge
is TDg(myime) = (1.1,0.9,0.8, —1.1, 0.6, —1.4) = TDg(mims) = T Dg(mams).
Since each edge of G has the same total degree therefore G is not a strongly edge
totally irregular bipolar neutrosophic graph.

Remark 2.22. A strongly edge totally irregular bipolar neutrosophic graph G
may not be strongly edge irregular bipolar neutrosophic graph.

Ezample 2.23. Consider a crisp graph G* = (M, L) such that M = {m, ma, ms,
mya} and L = {myma, mymyg, mams, mzmy}. The corresponding bipolar neutro-
sophic graph G = (S,T) is shown in Fig. 8.

m4(0.7,0.4,0.4,-05,-0.3,~0.6)  m1(0.3,0.6,0.7,~0.7, 0.5, ~0.2)
$<“ (0.2,0.4,0.4,—0.5,-0.3,—0.1) (%
- o
o &
T o
o3 .
- L
~ &
: L
2 B
= 04,0.3,0.2,-0.3,-0.2,-0.3 S
S (0.4,0.3,0.2,-0.3, -0.2, -0.3) AE

m5(0.8,1.0,0.1,—0.2, 0.9, —0.7)  m2(0.5,0.8,0.2, —0.3, 0.7, —0.4)

Figure 8: Strongly edge totally irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(m;) = (0.5,1.0,0.9,—1.1,—-0.8,—0.3),
Da(mz) = (0.7,0.9,0.7,—0.9,—0.7, —0.5) Dg(ms) = (0.1,0.6,0.4, —0.6, —0.4, —
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0.8) and Dg(my4) = (0.8,0.7,0.6, —0.8, —0.5, —0.6).

The degree of each edge is Dg(mims) = (0.6,0.7,0.6, —0.8, —0.5, —0.4), Dg(m1
my) = (1.1,1.3,1.1, - 1.4, —1.0, —0.8), D& (mams) = (0.9,0.9,0.7, —0.9, —0.7, —0.
7) and Dg(msmy) = (0.6,0.7,0.6,—0.8,—0.5,—0.4). It is easy to see that
Da(mimsg) = Dg(msmy) and Dg(maems) = Dg(mimy). Therefore, G is not a
strongly edge irregular bipolar neutrosophic graph.

The total degree of each edge is TDg(mims) = (0.9,1.3,1.1,—1.4, —1.0, —0.6),
TDe(myms) = (1.1,1.3,1.1,—1.4, - 1.0, —0.6), TDg(mams) = (1.3,1.2,0.9, —1.
2,-0.9,—1.0) and TDg(msmy4) = (1.2,1.0,0.8,—1.1,—0.7,—0.9). Since all the
edges have distinct total degrees therefore G is a strongly edge totally irregular
bipolar neutrosophic graph.

Theorem 2.1 If G = (S,T) is a strongly edge irreqular connected bipolar neu-
trosophic graph, where T is a constant function. Then G is a strongly edge

totally irregular bipolar neutrosophic graph.
Pr00f.y Letg&; = (%Q, T) be a str%nglyg e(fge irreqular connected bipolar neutro-

sophic graph. Suppose that T is a constant function. Then t}'(mn) = 51,
it(mn) = sa, ff(mn) = s3, tm(mn) = s4, tr(mn) = s5 and t7(mn) = sg
for all mn € L, where sj, 7 =1,2,...,6 are constants. Consider a pair of edges
mn and wv in L. Since G is a strongly edge irregular bipolar neutrosophic graph
therefore Dg(mn) # Dg(uv), where mn and uwv are a pair of edges in L. This
shows that De(mn)+(s1, 2, 83, 84, S5, S6) # Da(uv)+(s1, 2, S3, S4, S5, 86)- This
implies that Dg(mn) + (t5(mn), it (mn), fF (mn), t7(mn), iz (mn), f7 (mn)) #
De(uv) + (th(uv), it (uv), f (uwv), tr (uwv), iz (uw), fr (w)). Thus TDg(mn) #
TDg(uv), where mn and uv are a pair of edges in L. Since the pair of edges
mn and uv were taken to be arbitrary this shows that every pair of edges in G
have distinct total degrees. Hence G is a strongly edge totally irreqular bipolar
neutrosophic graph. ]

Theorem 2.2 IfG = (S,T) is a strongly edge totally irregular connected bipolar
neutrosophic graph, where T is a constant function. Then G is a strongly edge
%;“gzq)%lafeléz%?lir(g,’ezz@fgﬂoéseo%hggrggﬁg ‘edge totally irreqular connected bipolar neu-
trosophic graph. Suppose that T is a constant function. Then t}(mn) = s1,
it(mn) = s2, fi(mn) = s3, t7(mn) = s4, tp(mn) = s5 and t.(mn) = se for
all mn € L, where s;, j =1,2,...,6 are constants. Consider a pair of edges mn
and wv in L. Since G is a strongly edge totally irreqular bipolar neutrosophic
graph therefore TDg(mn) # TDg(uv), where mn and uv are a pair of edges in
L. This shows that Dg(mn)+(t5(mn), it (mn), £ (mn), t:(mn),iz(mn), f7 (m
n)) # Da(uv) + (t(uv), it (wv), £ (w), t7(uv),ip (wv), f7 (wv)). This implies
that Dg(mn) + (s1, s2, S3, S4, S5, 86) # Da(uv) + (s1, S2, 83, 84, 85, 56).  Thus
Dg(mn) # Dg(uv), where mn and uv are a pair of edges in L. Since the
pair of edges mn and uv were taken to be arbitrary this shows that every pair
of edges in G have distinct degrees. Hence G is a strongly edge irregular bipolar
neutrosophic graph. [ ]
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Remark 2.24. If G = (S,T) is both strongly edge irregular bipolar neutrosophic
graph and strongly edge totally irregular bipolar neutrosophic graph, then it is
not necessary that 7" is a constant function.

Ezample 2.25. Consider a crisp graph G* = (M, L) such that T' = {m1, ma, mg,
mg,ms} and L = {myma, mims, mams, mamg,myms}t. The corresponding
bipolar neutrosophic graph G = (S, T) is shown in Fig. 9.

ms(0.4,0.6,0.2,—0.3,—0.5, —0.3)

"o m2(0.7,0.6,0.2,—0.3, 0.5, —0.6)

m1(0.5,0.7,0.6,—0.7, —0.6, —0.4)

(0—‘€0—‘C0—"T0'70¢0)

(0.3,0.3,0.1,-0.2,-0.4, —0.2)

t (0.2,0.5,0.3,~0.4, —0.4, —0.1)
O
m4(0.3,0.5,0.4,—0.5,—0.4,—0.2)  m3(0.5,0.6,0.1,—0.2, —0.5, —0.4)

Figure 9: Bipolar neutrosophic graph G

By direct calculations, we have Dg(my) = (0.8, 0.6, 0.5, —0.7, —0.4, —0.6),

Da(me) = (0.8,0.6,0.2, —0.4, —0.4, —0.6), D (ms) = (0.5, 0.9, 0.4, —0.6, —0.7,
—0.3), Dg(m4) = (0.5, 0.8, 0.4, —0.6, —0.8, —0.3) and Dg(ms) = (0.6, 0.7,
0.5, —0.7,—0.7,—0.4). The degree of each edge is Dg(mims) = (0.6,0.8,0.5,
—0.7,-0.6, —0.4), Dg(mams) = (0.7,0.7,0.4, —0.6, —0.5, —0.5), De(msmy) =
(0.6,0.7,0.2, —0.4,—0.7, —0.4), Dg(mqms) = (0.5,0.9,0.7, —0.9, —0.7, —0.3) and
Dg(msmy) = (0.8,0.5,0.2, —0.4, —0.5, —0.6). It is easy to see that all the edges
have distinct degrees. Therefore, G is a strongly edge irregular bipolar neutro-
sophic graph.
The total degree of each edge is TDg(mime) = (1.1,1.0,0.6, —0.9, —0.7, —0.8),
TDe(mams) = (1.0,1.1,0.5, —0.8,—0.8,—0.7), TDg(msms) = (0.8,1.2,0.5,
—0.8,—1.1,—0.5), TDg(mams) = (0.8,1.2,0.8, —1.1,—1.1, —0.5) and T D¢ (ms
mq) = (1.1,0.9,0.6, —0.9, —0.8, —0.8). Since all the edges have distinct total de-
grees therefore G is a strongly edge totally irregular bipolar neutrosophic graph.
This shows that G is both strongly edge irregular bipolar neutrosophic graph
and strongly edge totally irregular bipolar neutrosophic graph but Y is not a
constant function.

Theorem 2.3 Let G = (S,T) be a strongly edge irregular bipolar neutrosophic
graph. Then G is a neighbourly edge irreqular bipolar neutrosophic graph.
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Proof. Suppose that G is a strongly edge irreqular bipolar neutrosophic graph.
Then each edge in G has distinct degree. This shows that every pair of edges
in G have distinct degrees. Therefore, G is a neighbourly edge irregular bipolar
neutrosophic graph. ]

Theorem 2.4 Let G = (S,T) be a strongly edge totally irregular bipolar neutro-
sophic graph. Then G is a neighbourly edge totally irregular bipolar neutrosophic

raph.
ré%f. Suppose that G is a strongly edge totally irregular bipolar neutrosophic

graph. Then each edge in G has distinct total degree. This shows that every
pair of edges in G have distinct total degrees. Therefore, G is a neighbourly edge
totally irregular bipolar neutrosophic graph. ]

Remark 2.26. If G is a neighbourly edge irregular bipolar neutrosophic graph
then it is not necessary that G is a strongly edge irregular bipolar neutrosophic
graph.

Ezample 2.27. Consider a crisp graph G* = (M, L) such that M = {m1, ma, m3,
mya} and L = {myma, mams, mgmy}. The corresponding bipolar neutrosophic
graphG = (S,T) is shown in Fig. 10.

m1(0.7,0.5,0.4, —0.3, —0.6, —0.7)

0 m3(0.7,0.5,0.4, —0.3, —0.6, —0.7)

m2(0.8,0.6,0.3, —0.3, —0.6, —0.7)

e

00

m4(0.8,0.6,0.3, -0.3, —0.6, —0.7)

Figure 10: Bipolar neutrosophic graph G

By direct calculations, we have Dg(mq) = (0.7,0.4,0.2,—-0.1,—0.5,—0.6),
De(ms) = (1.4,0.8,0.4,—0.2, —1.0, —1.2), De(ms) = (1.4,0.8,0.4, —0.2, 1.0,
—1.2) and D¢g(myg) = (0.7,0.4,0.2,—0.1, —0.5, —0.6). The degree of each edge is
De(mims) = (0.7,0.4,0.2, 0.1, —0.5, —0.6), D (mams) = (1.4,0.8,0.4, —0.2, —



Certain Properties of Bipolar Neutrosophic Graphs 19

1.0,—1.2) and Dg(msmy4) = (0.7,0.4,0.2,—0.1,—0.5, —0.6). G is neighbourly
edge irregular bipolar neutrosophic graph since every two adjacent edges in G
have distinct total degrees, that is, Dg(mima) # Dg(mams) and Dg(mams) #
Da(msmy). 1t is easy to see that Dg(mimsa) = Da(msmy). Therefore, G is not
a strongly edge irregular bipolar neutrosophic graph.

Remark 2.28. If G is a neighbourly edge totally irregular bipolar neutrosophic
graph then it is not necessary that G is a strongly edge totally irregular bipolar
neutrosophic graph.

Ezample 2.29. Consider the bipolar neutrosophic graph G = (S, T) as shown in
Fig. 10. The total degree of each edge is TDg(mimz) = (1.4,0.8,0.4,—0.2, —1.0,
—1.2), TDg(mams) = (2.1,1.2,0.6, —0.3, —1.5, —1.8) and T D¢ (mims) = (1.4,0.
8,0.4,—0.2,—1.0,—1.2). It is easy to see that every two adjacent edges in G have
distinct total degrees, that is, TDg(mimsz) # TDg(mamg) and TDg(mams) #
TDg(msmy). Therefore, G is neighbourly edge totally irregular bipolar neutro-
sophic graph. It is easy to see that TDg(mimz) = TDg(msmy). Hence G is
not a strongly edge totally irregular bipolar neutrosophic graph.

Theorem 2.5 Let G = (S,T) be a strongly edge irregular connected bipolar
neutrosophic graph, with T' as constant function. Then G is an irreqular bipolar

neutrosophic_graph, ) .
Proof. Let G"="(S,T) be a strongly edge irreqular connected bipolar neutro-

sophic graph, with T as constant function. Then tF.(mn) = s1, if(mn) = sq,
[ (mn) = s3, t7(mn) = s4, t7(mn) = s5 and t.(mn) = se, for each edge mn €
L, where sj, j =1,2,...,6 are constants. Also, every edge in G has distinct de-
grees, since G is strongly edge irreqular bipolar neutrosophic graph. Let mn and
nu be any two adjacent edges in G such that Dg(mn) # Dg(nu). This implies
that D (m) + Das(n) — 2(¢ (mn), i (mn), £ (mn), tz (mn), iz (mn), {7 (mn))
Do) + Des(u) — 25 (nu), i (nu), ff (nr), b7 (nu), i (nu), £ (nu)). This im-
plies that Dg(m) + Da(n) — 2(s1, S2, 83,84, 55,5) # Da(n) + Da(u) —
2(s1, 82, 83, 84, S5, 86). This shows that Dg(m) # Dg(u). Thus there erists a
vertex n in G which is adjacent to the vertices with distinct degrees. This shows
that G is an irregular bipolar neutrosophic graph. ]

Theorem 2.6 Let G = (S,T) be a strongly edge totally irregular connected
bipolar neutrosophic graph, with T as constant function. Then G is an irregular

bipolar neutrosophic_graph. ] )
Proof. Let G = (S, T%p be a strongly edge totally irreqular connected bipo-

lar mneutrosophic graph, with T as constant function. Then t}(mn) = sq,
it(mn) = sa, fi(mn) = s3, tr(mn) = s4, t7(mn) = s5 and t7(mn) =
s¢ for each edge xy € L, where s;, j = 1,2,...,6 are constants. Also,

every edge in G has distinct total degrees, since G is strongly edge to-
tally irregular bipolar neutrosophic graph. Let mn and nu be any two ad-
jacent edges in G such that TDg(mn) # TDg(nu). This implies that
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Do (mn) + (¢ (mn), if (mn), £ (mn), 17 (mn), iz (mn), f7 (mn)) # Do (nu) +
(th(nu), it (nu), £ (nu), t7(nu), iz (nw), f7 (nu)). This implies that Dg(m) +
Do(n) — (t(mn), if(mn), £ (mn), t7(mn), iz (mn), fz (mn)) # De(n) +

(u) — (t5(nu),if(nu), £ (nu), t;(nu), iy (nu), f7 (nu)).  This implies that
Dg(m)+Dg(n)—2(s1, s2, 83, 84, 85, 56) # D (n)+Da(u)—2(s1, 52, 53, 54, S5, 56)-
This shows that Dg(m) # Dg(u). Thus there exists a vertex n in G which is
adjacent to the vertices with distinct degrees. This shows that G is an irreqular
bipolar neutrosophic graph. ]

Remark 2.30. It G = (S,T) is an irregular bipolar neutrosophic graph, with T as
a constant function. Then it is not necessary that G is a strongly edge irregular
bipolar neutrosophic graph.

Ezample 2.31. Consider a crisp graph G* = (M, L) such that M = {m1, ma, mg,
ma} and L = {mymg, mimyg, mams, mama, mgmy}. The corresponding bipolar
neutrosophic graph G = (S, T) is shown in Fig. 11.

m1(0.3,0.2,0.1,-0.2, —0.1, —0.4) m2(0.4,0.3,0.8, —0.9, —0.2, —0.5)

(0.3,0.2,0.2,—0.3, —0.1, —0.4) ﬁ

?

(0.3,0.2,0.2,-0.3,—-0.1,—0.4)

(r0—="T0-‘¢0- 2020 ¢"0)

m3(0.3,0.5,0.6,—0.7, —0.4, —0.4)

Figure 11: Irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(m;) = (0.9,0.6,0.6,—0.9,—0.3, —1.2),
Da(m2) = (0.9,0.6,0.6,—0.9,—0.3, —1.2), De(ms) = (0.9,0.6,0.6, —0.9, —0.3,
—1.2), and Dg(m4) = (0.9,0.6,0.6,—0.9, —0.3, —1.2). The degree of each edge
is Dg(mimsg) = (0.9,0.6,0.6,—0.9,-0.3, —1.2) = Dg(mimy) = Dg(mams) =
Dg(msmy) and Dg(mims) = (1.2,0.8,0.8, —1.2, —0.4, —1.6). It is easy to see
that all the edges have the same degree except the edge mims. Therefore, G is
not a strongly edge irregular bipolar neutrosophic graph.
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Remark 2.32. It G = (S,T) is an irregular bipolar neutrosophic graph, with T'
as a constant function. Then it is not necessary that G is a strongly edge totally
irregular bipolar neutrosophic graph.

Ezample 2.33. Consider the bipolar neutrosophic graph G = (S, T) as shown in
Fig. 11. The total degree of each edge is TDg(mims) = (1.2,0.8,0.8, —1.2, —0.4,
—1.6) = Dg(m1m4) = Dc(mgmg) = Dg(m3m4) and TD(;(mlmg) = (1.5, 1.0, 1.
0,—1.5,—0.5,—2.0). It is easy to see that all the edges have the same total de-
gree except the edge mims. Therefore, G is not a strongly edge totally irregular
bipolar neutrosophic graph.

Theorem 2.7 Let G = (S,T) be a strongly edge irregular connected bipolar
neutrosophic graph, with T as a constant function. Then G is highly irregular

bipolar neutrosophic %mph, ) )
Proof. Let G = (S,T) ‘be a strongly edge irregular connected bipolar neutro-

sophic graph, with T as a constant function. Then t}(mn) = s1, i+(mn) = sq,
f(mn) = s3, tp(mn) = s4, tr(mn) = s5 and t;(mn) = s¢ for each edge
mn € L, where sj, j = 1,2,...,6 are constants. Also every pair of adja-
cent edges in G have distinct degrees. Let n be any verter in G which is
adjacent to vertices n and u. Since G is strongly edge irreqular bipolar neu-
trosophic graph therefore, Da(mn) # Dg(nu). This implies that Dg(m) +
De(n) — 2(th(mn), if-(mn), £ (mn), t7.(mn), iz (mn), f7 (mn)) # De(n) +
De(u) — 2(tF(nu), ij (nu), £ (nu), t;(nu), iz (nu), f7 (nu)). This implies that
Da(m) + Da(n) — 2(s1, $2, 83, 84, S5, S6) 7 Da(n) + Da(u) — 2(s1, 82, 83, S4, S5,

s6). This shows that Dg(m) # Dg(u). Thus there exists a vertex n in G which
is adjacent to the vertices with distinct degrees. Since n was taken to be an arbi-
trary vertex in G, therefore all the vertices in G are adjacent to vertices having
distinct degrees. Hence G is a highly irreqular bipolar neutrosophic graph. ]

Theorem 2.8 Let G = (S,T) be a strongly edge totally irregular connected
bipolar neutrosophic graph, with T as a constant function. Then G is highly

irregular bipolar neutrosophic grc%ph. ) ]
roof. Let G = (S,T) ‘be a strongly edge totally irregular connected bipo-
lar neutrosophic graph, with T as a constant function. Then tJTr(mn) = s1,

it(mn) = sa, f1( = T = T = dtr =

s = 9, ff(mn) = s3, tp(mn) = s4, t7(mn) = s5 and t;(mn) = sg

for each edge mn € L, where s;, j = 1,2,...,6 are constants. Also every

pair of adjacent edges in G have distinct total degrees. Let n be any vertexr
in G which is adjacent to vertices m and u. Since G is strongly edge to-
tally irreqular bipolar meutrosophic graph therefore, TDg(mn) # TDg(nu).
This implies that Dg(mn) # Dg(nu). This implies that Dg(m) + Da(n) —
2(tF(mn), if (mn), f7 (mn), 7 (mn), iz.(mn), f5 (mn)) # Dg(n) + Dau) -
2(t5(nu), it (nu), £ (nu), t7.(nu), iz (nu), f7 (nu)). This implies that Dg(m) +
Da(n) — 2(s1, S2, 83, 4, S5, S6) 7 Da(n) + Da(u) — 2(s1, S2, $3, S4, S5, 56).  This
shows that Dg(m) # Dg(u). Thus there exists a vertex n in G which is adjacent
to the vertices with distinct degrees. Since n was taken to be an arbitrary ver-
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tex in G, therefore all the vertices in G are adjacent to vertices having distinct
degrees. Hence G is a highly irreqular bipolar neutrosophic graph. ]

Remark 2.34. If G = (S,T) is a highly irregular bipolar neutrosophic graph,
with T" as a constant function. Then it is not necessary that G is strongly edge
irregular bipolar neutrosophic graph.

Ezample 2.35. Consider a crisp graph G* = (M, L) such that M = {m, ma, ms,
ma} and L = {myms, mimy, mams}. The corresponding bipolar neutrosophic
graph G = (S,T) is shown in Fig. 12.

m4(0.5,0.6,0.4, —0.3, —0.5, —0.6) m3(0.7,0.8,0.3,-0.2,—0.6, —0.8)

S

(F0—‘T0—‘€'0—‘20°C0°¢0)

(0.3,0.2,0.2,-0.3,-0.1,—-0.4

O
m2(0.4,0.8,0.3,—0.2,—0.7,-0.5)  m4(0.3,0.5,0.2,-0.1,~0.4, —0.4)

Figure 12: Highly irregular bipolar neutrosophic graph G

By direct calculations, we have Dg(mq) = (0.3,0.2,0.2,—-0.1,—-0.1,—0.4),
Da(m2) = (0.6,0.4,0.4,—-0.2,-0.2, —0.8), D (ms) = (0.6,0.4,0.4,—0.2, 0.2, —
0.8), and Dg(my4) = (0.3,0.2,0.2, —0.1,—0.1, —0.4). The degree of each edge is
Da(mimsg) = (0.3,0.2,0.2,—0.1,-0.1,—-0.4), Dg(mams) = (0.6,0.4,0.4, —0.2,
—0.2,—0.8) and Dg(msmy4) = (0.3,0.2,0.2, 0.1, —0.1, —0.4). Since every vertex
is adjacent to vertices with distinct degrees, G is a highly irregular bipolar
neutrosophic graph. Since the edges mimo and mgmy in G have the same
degree i.e., Dg(mimsa) = Dg(msmy). Therefore, G is not strongly edge irregular
bipolar neutrosophic graph.

Remark 2.36. If G = (S,T) is a highly irregular bipolar neutrosophic graph,
with T" as a constant function. Then it is not necessary that G is strongly edge
totally irregular bipolar neutrosophic graph.

Ezample 2.87. Consider the bipolar neutrosophic graph G = (S, T) as shown in
Fig. 12. The total degree of each edge is T Dg(m1m2) = (0.6,0.4,0.4,—0.2, —0.2,
—0.8), TDg(mams) = (0.9,0.6,0.6, —0.3, 0.3, —1.2) and T D (msm4) = (0.6, 0.
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4,0.4,—-0.2,—0.2,—0.8). Since the edges mimg and mgmy in G have the same
total degree. Therefore, G is not a strongly edge totally irregular bipolar neu-
trosophic graph.

Definition 2.38. A bipolar single-valued neutrosophic path P is a sequence of
distinct vertices and edges such that for all k, t;(mkmkﬂ) > 0, i;(mkmkﬂ) >
0, f;f(mkmkﬂ) > 0, tp (memp41) <0, ip(mempy1) < 0 and fr (mgmy41) < 0.
A bipolar single-valued neutrosophic path is said to be a bipolar single-valued
neutrosophic cycle if m = n.

Ezample 2.39. Consider a crisp graph G* = (M, L) such that M = {m1, ma, mg,
ma,ms} and L = {mymg, mams, msma, mams, mgms}. The corresponding
bipolar neutrosophic graph G = (S, T) is shown in Fig. 13.

) X (0.3,0.2,0.1,-0.3, 0.1, —0.7)
m1(0.7,0.6,0.5, 0.5, -0.6, —0.7) = ~ == =22 2 - =0 m3(0.8,0.6,0.4, 0.2, —0.4, —0.6)

m3(0.7,0.5,0.3, —0.1, —0.2, —0.3) m4(0.5,0.3,0.2, —0.4, —0.7, —0.6)

m5(0.5,0.4,0.7,—0.9, —0.8, —0.2)

Figure 13: Bipolar neutrosophic graph G

The path P from m; to mg is shown with dashed lines and the cycle C from
mg to mg is shown with bold lines in Fig. 13.

Theorem 2.9 Let G* = (M, L) be a path on 2k(k > 1) wvertices and G =
(S,T) be a bipolar neutrosophic graph of G*. Let Ly, Ly, Ls, ..., Lak_1 be the

edges in G having by,ba,bs, ... bap_1 as their membership values, respectively.
Suppose that by < by < bz < ... < bap_1, where bj; = (t;r,i;r,f;r,t;,i;,ff),

i=1,2,3,...,2k — 1. Then G is both strongly edge irregular and strongly edge
totally irregular bipolar neutrosophic graph.
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Ly Ls Ls

ms Saoo- - my U M2k

my ms

Ly Ly

Figure 14: Bipolar neutrosophic path P

Proof. Let G = (S,T) be a bipolar neutrosophic graph of a crisp graph G* =
(M, L). Suppose that G is a bipolar single-valued neutrosophic path on 2k(k > 1)

vertices. Suppose that b; = (tj, ;’, fﬂ',tj_,ij_, fj_) be the membership values of

the edges L in G, where j = 1,2,3,...,2k —1. We suppose that by < by < bg <
< bop_1.
The degree of each vertex in G is calculated as:

DG(m1):b1=(tf,if,ff',t1_,i1_,f1_), for j=1.
Da(my) = bjr+be = (61,00, fF 6,050, f)
(i 1),
= (L S S G iy f ),
for k=2,3,...,2k— 1.

Da(maj) = baj—1 = (I3 150951 far—1otan_10ap_15 fax_1)s  for j =2k

The degree of each edge in G is calculated as:

Da(Lh) = bo = (t3,i3, f3 sty sip s fy), for j=1.
Da(Lj) = bj +bj+1
(tJr - 17fj Lt 17f_7 )+ (_]+17i;>+1’f]tl?t;-'rl’i;—‘rl?fj;l))
= (ot i S o+
iy i i f), for =232k 2.
Do(Lak-1) = ban-2 = (t3h_2:i35—2: fok—2: top—2+fok—2> for ), for j=2k—1L.

Since each edge in G has distinct degree therefore G is strongly edge irregular
bipolar neutrosophic graph. We now calculate the total degree of each edge in G
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as:

TDg(L1) = by + by = (t] + 5,05 +i5, fiF + foF 47 +t5 .07 +i5, f1 + f3),
for j=1.
TDG(Lj) = bjor +bj +bjer = (G y, 0y, [Tt iy, fim ) + (i
ty iy J7) + (G i s s i i),
= +tf +th il il il S st
e Gy T T i [io 7+ fi),
for j=23,...,2k—2.
TDg(Lak—1) = bag—2 +bop—1 = (t;—j—Q’i;_j—QvaJ’_j—Qth_j—%iQ_j—Q’ f2—j—2) + (t;j—l’
inj1 Jaj—1staj15inj-15 faj-1);
= (t;jﬁ + t;_jflvi;_jfZ + ig_jflv f2+j72 + f2+j71vt2_j72 F g 150950 F

igj_1sfojot fo;_1), for j=2k-—1

Since each edge in G has distinct total degree therefore G is strongly edge totally
irregular bipolar neutrosophic graph. Hence G is both strongly edge irregular and
strongly edge totally irregular bipolar neutrosophic graph. ]

Definition 2.40. A complete bipartite graph is a graph whose vertex set can be
partitioned into two subsets N1 and No such that no edge has both endpoints in
the same subset, and every possible edge that could connect vertices in different
subsets is the part of the graph. A complete bipartite graph with partition of size
IN1| =k and |Na| = 1, is denoted by K, ;). A complete bipartite graph K14y or
K(k,1) that is a tree with one internal vertex and [ or k leaves is called a star S
or Sg.

Theorem 2.10 Let G* = (M, L) be a star K1y and G = (S,T) be a bipolar
neutrosophic graph of G*. If each edge in G has distinct membership values
then G is strongly edge irregular bipolar neutrosophic graph but not strongly edge
totally irregular bipolar neutrosophic graph.
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my

ms

me

mg

Figure 15: Bipolar neutrosophic graph

Proof. Let G = (S,T) be a bipolar neutrosophic graph of a crisp graph G* =
(M,L). We assume that G is a star K 1y. Let m,mi,mo,...,my be the
vertices of the star K 1), where m is the center vertex and my,ma,...,my
are the wvertices adjacent to vertex m as shown in Fig. 15. Suppose that
b; = (t;’,ij’,f;,t;,i;,fj_) be the membership values of the edges L; in G,
where j = 1,2,..., k. We suppose that by # by # bs # ... # by. The degree of
each edge in G is calculated as:

Da(L;) = Da(m) + Da(my) — 2ty (mmy), ig (mm;), f1 (mmg, ty(mm;), iz (m

m;), fr (mm;)),
= (blaan"'vbk)+(t;rﬂi;rﬂf;ratjivijiafji)_Q(tJ‘r iJr f;ratjivijiafji)v

70 j)
= (tF i, At i ), (65 id f by ig fa )y (B it
i )+ T f i ) = 20 i i 1),

= (Tt oty i L A A A
t Aty e Rt Fiy i e ) —
i, 05, 1)

It is easy to see that each edge in G has distinct degree therefore G is strongly

edge irreqular bipolar neutrosophic graph. We now calculate the total degree of
each edge in G as:

TDqg(L;) = TDg(m) + TDg(m;) — (t5.(mmy), iz (mmy), f (mmy, t7(mm;),
iz (mmy), fr (mmy)),
= (busba, b)) + (E 05, f5 05 a5 FO) i) f iy f7),s
= (0 i, D) (i3 oty i fa )y (6500 fF
t5siy s I
= (Tt i i L A A A
t Aty et i iy i T S e )



Certain Properties of Bipolar Neutrosophic Graphs 27

since all the edges in G have the same total degree therefore G is not a strongly
edge totally irregular bipolar neutrosophic graph ]

Definition 2.41. The m-barbell graph By, . is the simple graph obtained by con-
necting two copies of a complete graph K., by a bridge.

Theorem 2.11 Let G = (S, T) be a bipolar neutrosophic graph of G* = (M, L),
the m-barbell graph By, m. If each edge in G has distinct membership values then
G is a strongly edge irreqular bipolar neutrosophic graph but not a strongly edge
totally irregular bipolar neutrosophic graph.

by

Figure 16: Bipolar neutrosophic graph

Proof. Let G = (S,T) be a bipolar neutrosophic graph of a crisp graph G* =
(M,L). Suppose that G* is a m-barbell graph then there exists a bridge,
say ab, connecting k mnew wvertices to each of its end vertex a and b. Let
c = (tr,it, frt=,i7, f7) be the membership values of the bridge ab. Sup-
pose that a1, as,...,ar and by, ba, ..., by are the vertices adjacent to vertices a
and b, respectively. Let c; = (t;’,ij,ff,t;,ij_,fj_) be the membership values
of the edges Lj; with vertex a, where j = 1,2,...,k and c1 < ca < ... < cj.

Let dj = (?jt?j,ﬁ,?;j;,ﬁ) be the membership values of the edges Ej

with vertex b, where j = 1,2,....k and d1 < dy < ... < d. Assume that
1 << ...<cp<d <dy<...<dx <c. The degree of each edge in G is
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calculated as:

Dg(ab) = Dg(a) + Da(b) — 2c,
cite+...+cept+et+di+do+ ...+ dp +c— 2,
(i, At i ) + (603 Sty g fa ) o (060 Sy
te i fi) + G i D) + i fa i o)+
A T,
=t +td +. i i A A
4ty ot iy iy i T+ Sy e+ f)
S - S s Y 5 S S AR (A o
T Aty +odlp iy +ig +otig, [y + g+ 1)

Dg(Lj) = Dgla) + Dalaj) — 2¢;, where j=1,2,... k.
=c+c+...+cep+cec+c— 2,
= (a0 i, ) + (808, f by yig s fa ) +
FE G Bt i f) + (T T ) —
=t +td +. o+ttt i i A+
AT ity et LA iy i T,
o+l + e+ ) =i i )

Dg(E;) = D (b) + Da(bj) —2d;, where j=1,2,...,k.
=di+dy+...+dy+c+d—2d;
= @ A+ @S G )+
T B B JO) + (L i f) = dy,
= (it T g a4t
o+ A+t 4+t
oty ety i A e S ) -

i 15, 1)

It is easy to see that all the edges in G have distinct degrees therefore G is
strongly edge irregular bipolar neutrosophic graph. The total degree of each edge
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in G is calculated as:
TDg(ab) = Dg(ab) + ¢,

=+t tep+di+da+.. . +dp+e,

= (0000 Wt D) (6 f i f ) +
G St )+ @ D)
+(t~§r,7§r,ﬁ+,t~2’,%’,ﬁ’) G A i)
T T ),

= (0 +13 . A+ +...+iz,fr+f;+...+f;,

t;—f—t;—i—...—i—tk,ll +12 . —l—i,;,ff—l—f; —I—f];)
o - R 5 Y I 0 Sl ) A S o
1ty + +'t2;,7; +ig +.. +zk7f1 +fr + +fk)

+(t, +,f+t i f7).

TDg(Lj) = Da(Lj)+c¢j, where j=1,2,... k.

c1+co+ ...+ +c+cp—2¢ + ¢y,

= (tf, z‘if* troiy fr) + (s is, 1o ty iy f3) +
il it i S )+ (T 7f)

=t +tF+. o+t i i 4T
I f o Tt +t + it T,
i+ +.o i FL ) e o ).

TDg(E;) = Da(Ej)+d;, where j=1,2,... k.
— dy+da+ ...+ dy+otd—2d; +d,
= (i At ) + 60 T i ) +
HEE i Rt i B + (T i ),
= (0 48+t i 4 it
e S P A AT L S P L
Ay i i A A ).

Since each edge Lj and E; in G has the same total degree, where j =1,2,... k.
Therefore, G is not a strongly edge totally irreqular bipolar neutrosophic graph.
|

3. Conclusion

Neutrosophic sets are the generalization of the concept of fuzzy sets and intu-
itionistic fuzzy sets. Neutrosophic models give more flexibility, precisions and
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compatibility to the system as compared to the classical, fuzzy and intuitionistic
fuzzy models. Bipolar fuzzy graph theory has many applications in technol-
ogy and science, especially in the fields of operations research, neural networks,
decision making and artificial intelligence. Bipolar neutrosophic graph is the ex-
tension of bipolar fuzzy graph. In this research paper, we have discussed certain
types of edge irregular bipolar neutrosophic graphs. Here, we have established
some theorems on bipolar neutrosophic graphs.
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