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§1. Introduction

F.Smarandache [4] 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|[2, 6] introduced the notion of soft neutrosophic
graphs. N. Shah 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, 1%[. See
[4] for details.

Divya and Dr. J. Malarvizhi[7] introduced the notion of neutrosophic fuzzy graph and
few fundamental operation on neutrosophic fuzzy graph. Zhang initiated the concept of bipolar
fuzzy sets as a generalization of fuzzy sets in 1994. Bipolar fuzzy sets whose range of membership
degree is [-1,1]. In bipolar fuzzy sets, membership degree of an element means that the element
is irrelevant to the corresponding property, the membership degree within (0, 1] of an element
indicates that the element somewhat satisfies the property, and the membership degree within

[-1,0) of an element indicates the element somewhat satisfies the implicit counter property.

1Received November 2, 2020, Accepted March 8, 2021.
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It is noted that positive information represents what is granted to be possible, while negative
information represents what is considered to be impossible [9]. M.Akram and Wieslaw A.Dudek
introduced regular and totally regular bipolar fuzzy graphs. Also, they introduced the notion
of bipolar fuzzy line graphs and presents some of their properties [9].

In 2011, Akram introduced the concept of bipolar fuzzy graphs and defined different op-
erations on it. Bipolar fuzzy graph theory is now growing and expanding its applications. The
theoretical developments in this area is discussed. In 2012,Sovan Samanta and Madhumangal
Pal introduced the concept of irregular bipolar fuzzy graph and defined different operations
on it. N.R.Santhi Maheswari and C.Sekar introduced Pseudo regular bipolar fuzzy graph and
pseudo irregular bipolar fuzzy graph and discussed its properties [16].

N.R.Santhi Maheswari and V.Jeyapratha introduced Neighbourly Pseudo irregular fuzzy
graph and discussed its properties [15]. N.R.Santhi Maheswari and C.Sekar introduced Neigh-
bourly pseudo and Strongly Pseudo irregular bipolar fuzzy graph and discussed its properties
[14]. These idea motivates us to introduce Neighbourly pseudo irregular neutrosophic bipolar
fuzzy graphs.

§2. Preliminaries

We present some known definition and results for ready references to go through the work
presented in the paper.

Definition 2.1([4]) 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=<z :Ta(z),Is(x),Fa(z) >z € X,

where the functions T, I, 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

07 <Ts(x)+ La(z) + FA(.T) < 3+,

The functions Ta(z),Ia(x), Fa(z) are real standard or non standard subsets of |0~,17].

Definition 2.2([5]) Let V be a non empty finite set and o : V. — [0,1]. Again, let p:V xV —
[0,1] such that p(x,y) < o(x) Ao(y) for all (x,y) € V x V. Then the pair G : (o, ) is called a
fuzzy graph over the set V. Here o and p are respectively called fuzzy vertex set and fuzzy edge
set of the fuzzy graph G : (o, ).

Definition 2.3([7]) 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(zx) , an
indeterminacy membership fuctions I4(z) and a falsity membership fuction Fa(x) . For each
point x € X, Ta(z),La(x), Fa(z) € [0,1]. A NFS A can be written as

A=<z :Ta(x),Is(x),Fa(z) >, =€ X.
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Definition 2.4([7]) Let A = (Ta(x),Ia(z), Fa(x)) and B = (Ta(x),1a(z), Fa(z)) be neu-
trosophic fuzzy sets on a set X. If A = (Ta(x),1a(x), Fa(x)) is a neutrosophic fuzzy rela-
tion on a set X, then A = (Ta(x),1a(x), Fa(z)) is called a neutrosophic fuzzy relation on
B = (Ta(z),1a(x), Fa(2)) if

Tp(x,y) < Ta(x).Taly), Ip(x,y) < Ia(x).Ialy) and Fp(x,y) < Fa(z).Fa(y)

for all x,y € X, Where the notation “.” means the ordinary multiplication.

Definition 2.5([7]) A neutrosophic fuzzy graph (NF graph) with underlying set V is defined to
be a pair Ng = (A, B) , where

(1) 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-
tiely and 0 < Ta(v;) +ITa(vi) + Fa(vi) <3;

(11) E CV x V where the functions (Tp,Ip,Fg):V xV — [0,1] are defined by

T (vi,v;).Ta(vi) < Ta(vj), Ip(vi,v;)La(vi) < La(v;)

and
Fp(vi,vj).Fa(v;) < Fa(vy)

“wo

for all v;,v; € V, where the notation means ordinary multiplication denotes the degrees

of truth membership, indeterminacy membership and falsity membership of the edge v;,v; € E
respectively, where
0< TB(’Ui, ”Uj) + IB(’Ui, Uj) + FB(Uz', 'Uj) <3

for allv;,v; € E (j =1,2,--- ,n).
Definition 2.6([17]) A bipolar neutrosophic set A in X is defined as an object of the form
A={<z,Tf(x),If(2),Ff(x), Ty (z),I,(2), Fy(z) > 2 € X},

where (T4, I, FX) : X — [0,1] and (Ty,I,,Fy) : X — [-1,0]. The positive membership
degree T (x), I} (z), Ff (z) denotes the truth membership, indeterminate membership and false
membership of an element € X corresponding to a bipolar neutrosophic set A and the negative
membership degree Ty (x), I (x), Fy (x) denotes the truth membership, indeterminate member-
ship and false membership of an element € X to some implicit counter-property corresponding
to a bipolar neutrosophic set A.

Definition 2.7 A bipolar neutrosophic set B in V is defined as an object of the form
B={<v, T (), I} (), Fg(v), T (v),I5(v), Fg5(v) >:v €V},

where (T3, I, Fft) : V. — [0,1] and (Tg,15,F5) : V. — [=1,0]. The positive membership
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degree T (v), 115 (v), Fi (v) denotes the truth membership, indeterminate membership and false
membership of an element € V' corresponding to a bipolar neutrosophic set A and the negative
membership degree Ty (v), I5(v), Fg (v) denotes the truth membership, indeterminate member-
ship and false membership of an element € V' to some implicit counter-property corresponding
to a bipolar neutrosophic set B.

Definition 2.8 A bipolar fuzzy graph with an underlying set V is defined to be a pair (A,B),
where A = (m},m7) is a bipolar fuzzy set on V and B = (mJ,my3) is a bipolar fuzzy set on E
such that

m3 (z,y) < min{my (x),m{ (y)} and m3(z,y) > maz {my (x),m; (y)}

for all (z,y) in E. Here, A is called bipolar fuzzy vertex set on V and B is called bipolar fuzzy
edge set on E.

Definition 2.9 Let G = (A4, B) be a bipolar fuzzy graph on G* = (V, E). The positive degree

and the negative degree of a vertex u in G is defined respectively as

d*(u) =) mi(u,0)

and
d= () = 3 mj (u,0)

for wv in E, and the degree of a vertex u is defined as

d(u) = (d* (u), d” (u)).

Definition 2.10 Let G = (A, B) be a bipolar fuzzy graph on G* = (V, E). The positive total
degree and the negative total degree of a vertex u in G is defined respectively as

td* (u) = 3 mi (u,0) + mi (w)

and
() = 3y (u,0) + i ()

for uwv in FE.

83. Neutrosophic Bipolar Fuzzy Graph
Definition 3.1 A neutrosophic fuzzy graph (NF graph) with underlying set V is defined to be
a pair Ng = (A, B) , where,

(i) The functions (T, 15, FX):V — [0,1] denote the degree of truth membership,degree
of indeterminacy membership and the degree of falsity membership of the element v; € V re-
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spectively and
0 < T4 (vi) + I3 (03) + Fi (v3) <3

(1) E CV x V where the functions (T, I, Fit) : V x V = [0,1] are defined by
Ty (viyv5). T4 (vi) < Ty (v), I (vi, 05). T4 (v5) < I (vy)

and
Fg (vi,05).F5 (v5) < F3 (v))

“©o»

for all v;,v; € V, where, the notation means ordinary multiplication denotes the degrees
of truth membership, indeterminacy membership and falsity membership of the edge v;,v; € E
respectively, where

0 < T (vi, v5) + I (vi, v5) + Fig (vi, 05) <3
for allv,,v; € E (j=1,2,---,n).

Definition 3.2 A neutrosophic fuzzy graph (NF graph) with underlying set V is defined to be
a pair Ng = (A, B) , where,

(¢) The functions (T'y,1,,F;):V — [—1,0] denote the degree of truth membership,degree
of indeterminacy membership and the degree of falsity membership of the element v; € V re-

spectively and
0 Z T;(’Ul) + IX (1)1) + F;(’Ul) Z *3;

(i) E CV xV where the functions (Tg,I5,Fg):V xV — [—1,0] are defined by
T (vi,05). Ty (vi) 2 Ty (), g (vi 05) Ly (vi) 2 Iy (v)
and

Fy (vi, ;). (vi) > Fy (v5)

@ o»

for all v;,v; €V, where means ordinary multiplication denotes the degrees of truth mem-

bership, indeterminacy membership and falsity membership of the edge v;,v; € E respectively,
where
0> Tg (vi,v) + Ig(vi,v5) + Fg (vi,v5) > =3

for allvi,v; € E (j =1,2,--- ,n).

Definition 3.3 Let BNg = (A, B), where A = (m{,m]’) and A = (m3,m3) be a neutrosophic
bipolar fuzzy graph. The neighborhood positive degree of a vertex x in BNg defined by

deg(z)™ = (degr(x)*, degr(2)™, degp(z)™),
where,

degr(z)" = Y To(xy)*, degi(x)" = Y Ip(xy)*t, degr(x)* = " Fplay)'
ryck zyeE zyel
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The neighborhood negative degree of a verter x in BN¢g defined by
deg(x)” = (degr(z)~,degr(x) ™, degr(x)™),
where

degr(z)” = Z Tp(xy)~, degr(z)” = Z Ig(zy)~, degp(x)” = Z Fg(zy)~.

zyeE zyelE zyeE

Therefore, the degree of a vertex x in BNg is (deg(z)T,deg(x)™).

Example 3.4 Let BNg be the neutrosophic bipolar fuzzy graph shown in Figure 1.

v1(0.11,0.21,0.31, -0.11,-0.21,-0.31)

(0.04,0.05,0.06, -0.04,-0.05,-0.06) (0.00,0.01,0.02, -0.00,-0.01,-0.02)

(0.5,0.6,0.7, -0.5,-0.6,-0.7)v3 v2(0.16,0.17,0.18, -0.16,-0.17,-0.18)

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

Figure 1
Then,
d(v))™ = (0.04,0.06,0.08), d(v;)~ = (—0.04,—0.06, —0.08),
d(v2)™ = (0.01,0.03,0.05), d(vs)~ = (—0.01,—0.03,—0.05),
d(v3)™ = (0.05,0.07,0.09), d(vs)~ = (—0.05,—0.07,—0.09).

Definition 3.5 Let BNg = (A, B), where A = (m],m) and B = (m3,m5 ) be a neutrosophic
bipolar fuzzy graph. The closed positive neighborhood degree of a vertex x in BN¢g defined by

degle]* = (degrla]®, degrla] ", degra]")
where,

degr(@)* = 3 Tolan)* + Ta(e)"

degr(z)* = ;EIBW)*HA(@*,

degr(z)t = yi Fy(zy)™ + Fa(z)*t,

zyeE
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The closed negative neighborhood degree of a vertexr BNg defined by

degla]” = (degr[z]”, degi[z]”, degrlx]™)

where,
degr(z)” = ZETB(zy)wTA(z)i
degr(z)” = gEIB(:Uy)‘HA(@‘,
degr(z)” = yzezEFB(xy)+FA(m).

Therefore, the closed degree of a vertex z in BNg is (deg[z]™, deg[z] ™).

Example 3.6 Let BNg be a neutrosophic bipolar fuzzy graph shown in Figure 1. We calculate

closed degree of a vertices in the above neutrosophic bipolar fuzzy graphs as follows:

dv1]t = (0.15,0.27,0.39),d[v1]” = (—0.15, —0.27, —0.39),
dvs]t = (0.17,0.20,0.23),d[vs]” = (—0.17, —0.20, —0.23),
dvs]t = (0.55,0.67,0.79), d[vs]” = (—0.55, —0.67, —0.79).

84. Pseudo Degree and Total Pseudo Degree in Neutrosophic Bipolar Fuzzy Graph

Definition 4.1 Let BNg be a neutrosophic bipolar fuzzy graph on G*(V, E). The 2-degree of a

vertex v in BN¢ is defined as the sum of the degrees of the vertices adjacent to v and is denoted
by
tdpne (v) = (tdfy,, (v), tdpy,, (0))-

That is, the positive 2-degree of v is
+
tdBNG Z dBNG ’
where dENG (u) is the positive degree of the vertex u which is adjacent with the vertex v and the

BNG : :dBNG 7

where dg . (u) is the negative degree of the vertex u which is adjacent with the vertex v.

negative 2-degree of v is

Definition 4.2 Let BN¢g be a neutrosophic bipolar fuzzy graph on G*(V, E). A positive pseudo
(average) degree of a vertex v in BN¢ is denoted by deNG( v) and is defined by

tdfy, (v)

pdfy, (V) = — ,
BNa dBNG (v)
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where dj . (v) is the number of edges incident at v. The negative pseudo (average) degree of a

vertez v in BNg is denoted by pdgy . (v) and is defined by

— tdg g (v)
pdpy, (V) = ———,
BNg( ) dBNG(v)

where d . (v) is the number of edges incident at v.

The pseudo degree of a vertex v in neutrosophic bipolar fuzzy graph BNg is defined as
PdpNG (v) = (pdfy, (V). Pdp v, (V).

Example 4.3 Let BNg be the neutrosophic bipolar fuzzy graph shown in Figure 2.

v1(0.05,0.05,0.05, -0.05,-0.05,-0.05)

(0.06,0.06.0.06, -0.06,-0.06.-0.06) (0.05,0.05,0.05, -0.05,-0.05,-0.05)

(0.04,0.04,0.04, -0.04,-0.04,-0.04)v5 v2(0.05,0.05,0.05, -0.05,-0.05,-0.05)

.01,0.01,0.01, -0.01,-0.01,-0.01
(0.02,0.02,0.02, -0.02,-0.02,-0.02) (0.01,0.01,0.01, -0.01,-0.01,-0.01)

(0.05,0.08.0.03, -0.03,-0.03,-0.03)v4 v3(0.07,0.07,0.07, -0.07,-0.07,-0.07)

(0.03,0.03,0.03, -0.03,-0.03,-0.03)

Figure 2
We calculate pseudo degree of vertex of the neutrosophic bipolar fuzzy graph in Figure 2
as follows:
d(vi)™ = (0.11,0.11,0.11),d(vy)” = (—0.11,—-0.11, —0.11),
d(vy)t = (0.06,0.06,0.06), d(vz)” = (—0.06,—0.06, —0.06),
d(vs)t = (0.04,0.04,0.04), d(vs)~ = (—0.04,—0.04, —0.04),
d(vy))™ = (0.05,0.05,0.05), d(vs)~ = (—0.05,—0.05, —0.05),
d(vs)™ = (0.08,0.08,0.08), d(vs)~ = (—0.08, —0.08, —0.08),
tdt v
pdpng(v1)T = *BNic(l) = (-0.07,-0.07, —0.07),
dBNG (v1)
td4 v
pdpng(v1)” = d*BNic(l) = (=0.07,—0.07,-0.07),
BNg (v1)
pdpne(va)™ = (0.075,0.075,0.075),
pdpng(v2)” = (—0.075,-0.075,—0.075),
pdpne(v3)T = (0.055,0.055,0.055),
pdpn.(v3)™ = (—0.055,—0.055, —0.055),
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pdpne(va)t = (0.06,0.06,0.06),
pdpng(vs)” = (—0.06,—0.06,—0.06),
pdpng(vs)T = (0.08,0.08,0.08),
pdpns(vs)” = (—0.08,-0.08,—0.08).

Definition 4.4 Let BN¢g be a neutrosophic bipolar fuzzy graph on G*(V, E). A positive total
pseudo degree of a vertex v in BNqg is denoted by tpdENG (v) and is defined by

tpdf ., (v) = pdf (V) + (Ta, 1a, Fa) " (v).

The negative total pseudo degree of a vertex v in BN¢ is denoted by tpdpy,. (v) and is
defined by

tpdpy, (v) = pdpy, (v) + (Ta, La, Fa)~ (v).
The total pseudo degree of a vertex v in BNg is denoted by
tpdpng (v) = (tpdgy,, (v), tpdp, (v)
forallveV.

Example 4.5 Let BNg be the a neutrosophic bipolar fuzzy graph in Figure 2. We calculate
the total pseudo degree of vertex of this neutrosophic bipolar fuzzy graphs as follows:

tpdpng (v1)T = pdfy. (1) + (Ta, La, Fa)"(v1) = (0.12,0.12,0.12),
tpdpne(v1)” = pdgy, (V1) + (Ta,Ia, Fa)~(v1) = (=0.12,-0.12,—0.12),
tpdpng (v2)T = (0.125,0.125,0.125),

tpdpns (v2)” = (—0.125,—0.125, —0.125),

tpdpn, (v3)T = (0.125,0.125,0.125),

tpdpng (v3)™ = (—0.125,-0.125, —0.125),

tpdpne (va)™ = (0.09,0.09,0.09),

tpdpNg (va)” = (—0.09, —0.09, —0.09),

tpdpne (vs)™ = (00.12,0.12,0.12),

tpdpng (vs)™ = (—0.12,—0.12,—0.12).

85. Neighbourly Pseudo and Pseudo Totally Irregular Neutrosophic Bipolar
Fuzzy Graphs

Definition 5.1 Let BNg = (A, B) be a neutrosophic bipolar fuzzy graph. Then BN¢ is said
to be neighbourly pseudo irreqular neutrosophic bipolar fuzzy graph if every pair of adjacent
vertices have distinct pseudo degree.
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Definition 5.2 Let BNg = (A, B) be a neutrosophic bipolar fuzzy graph. Then BNg is said to

be neighbourly pseudo totally irreqular neutrosophic bipolar fuzzy graph if every pair of adjacent

vertices have distinct total pseudo degree.

Remark 5.3 A graph which is both neighbourly pseudo irregular neutrosophic bipolar fuzzy

graph and neighbourly pseudo totally irregular neutrosophic bipolar fuzzy graph.

Example 5.4 Let BNg be the neutrosophic bipolar fuzzy graph shown in Figure 3.

and

Here every pair of adjacent vertices have distinct pseudo degree and every pair

v1(0.11,0.21,0.31, -0.11,-0.21,-0.31)

7/
/
7/

(0.04,0.05,0.06, -0.04,-0.05,-0.06) /

(0.1,0.2,0.3, -0.1,-0.2,-0.3)v3 ¢

Then,

7/
7/
/

7/
/

(0.00,0.01,0.02, -0.00,-0.01,-0.02)

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

= (0.04,0.06,0.08), d(v1)~
= (0.01,0.03,0.05), d(vy)~

Figure 3

= (0.05,0.07,0.09), d(vs)~

pdpng (v1)T

pdpng (v1)”

+

PAdBNG (V2

pdBNg(V2)~

+

pdBNg (V3
pdpNg(v3)~

(v1)
(v1)
(v2)
(v2)
(vs)
(vs)
tpdpNg (v1)
(v1)
(v2)
(v2)
(vs)
(vs)

+

tpdng (V1)”
tpdpng (v2) ™

tpdpng (V2)~

+

tpdpNg (Vs

tpdng (V3)™

= (—0.04, —0.06, —0.08),
= (—0.01,-0.03,-0.05),

(—0.05,—0.07, —0.09)

0.03,0.05,0.07),
00.03, —0.05, —0.07),
0.045,0.065,0.085),
0.045,—0.065, —0.085),
0.025,0.045,0.065),

0.14,0.26,0.38),
0.14,—0.26, —0.38),

0.185,0.305, 0.435),
0.185, —0.305, —0.435),

0.135,0.245,0.365),
0.135, —0.245, —0.365).

(
(=
(
(=
(
(—0.025, —0.045, —0.065),
(
(=
(
(=
(
(=

v2(0.14,0.24,0.34, -0.14,-0.24,-0.34)

of adjacent
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vertices have distinct total pseudo degree. Hence the graph given in Figure 3, is a neighbourly
pseudo irregular neutrospphic bipolar fuzzy graph and neighbourly pseudo totally irregular

neutrosophic bipolar fuzzy graph.

Remark 5.5 Every neighbourly pseudo irregular neutrosophic bipolar fuzzy graph need not
be a neighbourly pseudo totally irregular neutrosophic bipolar fuzzy graph.

Example 5.6 Let BNg be the neutrosophic bipolar fuzzy graph shown in Figure 4.

(0.04,0.05,0.06, -0.04,-0.05,-0.06)
(0.4,0.5,0.6, -0.4,-0.5,-0.6)v1 v2(0.6,0.7,0.8, -0.6,-0.7,-0.8)

(0.00,0.01,0.02, -0.00,-0.01,-0.02) (0.01,0.02,0.03, -0.01,-0.02,-0.03)

(0.6,0.7,0.8, -0.6,-0.7,-0.8)v5 v3(0.5,0.6,0.7, -0.5,-0.6,-0.7)

N
(0.01,0.02,0.03, -0.01,-0.02,-0.03) (0.00,0.01,0.02, -0.00,-0.01,-0.02)

v4(0.615,0.735,0.835, -0.615,-0.735,-0.835)

Figure 4
Then,
d(vi)t = (0.04,0.06,0.08), d(vy)~ = (—0.04,—0.06, —0.08),
d(vz)™ = (0.05,0.07,0.09), d(ve)~ = (—0.05, —0.07, —0.09),
d(v3)* = (0.01,0.03,0.05), d(vs)~ = (—0.01,—0.03, —0.05),
dvy)t = (0.01,0.03,0.05), d(vs)~ = (—0.01,—0.03,—0.05),
d(vs)™ = (0.01,0.03,0.05), d(vs)~ = (—0.01, —0.03, —0.05)
and

pdpne(v1)T = (0.03,0.05,0.07),

pdpne(v1)” = (-0.03,-0.05,—0.07),

pdpne(v2)T = (0.025,0.065,0.085),

pdpng(v2)” = (—0.025,-0.065, —0.085),

pdpn. (v3)t = (0.03,0.05,0.07),

pdpne(v3)™ = (—0.03,-0.05,—0.07),

pdpne(va)™ = (0.01,0.03,0.05),

pdpng(va)” = (—0.01,-0.03,-0.05),

pdpne(vs)T = (0.025,0.065,0.085),

pdpn.(vs)™ = (—0.025,-0.065, —0.085),
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tpdpn, (v1)T = (0.43,0.55,0.67),
tpdpng(v1)” = (—0.43,-0.55,—0.67),
tpdpne (v2)T = (0.625,0.765,0.885),
tpdpng (v2)” = (—0.625,—0.765, —0.885),
tpdpn, (v3)T = (0.53,0.65,0.77),
tpdpns(v3)” = (-0.53,-0.65,—0.77),
tpdpng (va)T = (0.625,0.765,0.885),
tpdpng(va)” = (—0.625,—0.765, —0.885),
tpdpne (vs)T = (0.625,0.765,0.885),
tpdpng(vs)” = (—0.625,—0.765, —0.885).

Here every pair of adjacent vertices have distinct pseudo degree. But the pair of adjacent vertices
v4 and vs have same total pseudo degree. Hence the graph is neighbourly pseudo irregular
neutrosophic bipolar fuzzy graph. But not neighbourly pseudo totally irregular neutrosophic

bipolar fuzzy graph.

Remark 5.7 Every neighbourly pseudo totally irregular neutrosophic bipolar fuzzy graph need

not be a neighbourly pseudo irregular neutrosophic bipolar fuzzy graph.

Example 5.8 Let BNg be the neutrosophic bipolar fuzzy graph shown in Figure 5.

(0.01,0.05,0.10, -0.01,-0.05,-0.10)
v2(0.3,0.4,0.5, -0.3,-0.4,-0.5)

(0.4,0.5,0.6, -0.4,-0.5,-0.6)v1 &

(0.01,0.05,0.10, -0.01,-0.05,-0.10) (0.01,0.05,0.10, -0.01,-0.05,-0.10)

v3(0.4,0.5,0.6, -0.4,-0.5,-0.6)

(0.3,0.4,0.5, -0.3-0.4,-0.5)v4  ® ¢
(0.01,0.05,0.10, -0.01,-0.05,-0.10)

Figure 5

d(vi)™ = (0.02,0.10,0.20), d(v;)~ = (—0.02, —0.10, —0.20),
d(va)™ = (0.02,0.10,0.20), d(v2)~ = (—0.02, —0.10, —0.20),
d(v3)* = (0.02,0.10,0.20), d(v3)~ = (—0.02,—0.10, —0.20),
d(vy))™ = (0.02,0.10,0.20), d(vs)~ = (—0.02,—0.10, —0.20)



74 S. A. Adebisi and M. EniOluwafe

and
pdpns(v1)T = (0.02,0.10,0.20),
pdpng(v1)” = (—0.02,-0.10,-0.20),
pdpn(v2)t = (0.02,0.10,0.20),
pdpng(v2)” = (—0.02,—0.10,—0.20),
pdeng (v3)T = (0.02,0.10,0.20),
pdpng(vs)™ = (—0.02,—0.10,—0.20),
pdpn.(v))t = (0.02,0.10,0.20),
pdpne(v4)” = (—0.02,-0.10,—0.20),
tpdpng (v1)T = (0.42,0.60,0.80),
tpdpng (v1)” = (—0.42,—-0.60, —0.80),
tpdpne(v2)™ = (0.32,0.50,0.70),
tpdpng (v2)” = (-0.32,-0.50,—0.70),
tpdpne (v3)T = (0.42,0.60,0.80),
tpdpne (vs)™ = (—0.42,-0.60, —0.80),
tpdpne (va)™ = (0.32,0.50,0.70),
tpdpng (v4)™ = (—0.32,—0.50, —0.70).

Here every pair of adjacent vertices have same pseudo degree. But every pair of adjacent
vertices have distinct total pseudo degree. Hence the graph is neighbourly pseudo totally
irregular neutrosophic bipolar fuzzy graph. But not neighbourly pseudo irregular neutrosophic

bipolar fuzzy graph.

Theorem 5.9 Let BNg be a neutrosophic bipolar fuzzy graph and let
(Ta;Ia, Fa)(u) = ((Ta, La, Fa)*)(u), (Ta, Lo, Fa)™)(u))
for alluw € V be a constant function, then the following are equivalent:

(1) BNg is a neighbourly pseudo irreqular neutrosophic bipolar fuzzy graph;

(2) BNg is a neighbourly pseudo totally irregular neutrosophic bipolar fuzzy graph.
Proof Assume that

(Ta, Ta, Fa)(u) = (Ta, Ia, FaA)* (u), (Ta, Ia, Fa)~(u)) = (¢}, ¢f ,¢f), (cp, 7 ep)

for all u € V' is a constant function. Suppose BN is neighbourly pseudo irregular neutrosophic

bipolar fuzzy graph. Then, every pair of adjacent vertices having distinct pseudo degree.

Let v; and v, be two adjacent vertices having distinct pseudo degree (z;,y;, 2;) and (2, y;, z;)
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respectively. Then (z;,v:, ;) # (24,95, 2j)i-e,

pdeng (vi) = (Pdeng (vi) T pdeNG (vi)7), PdeNG (V) = (PdBNG (V)T pdBNG (v5)7) and
pdpng (vi)* # pdpng (v;)"

(mz,yz,zl)"' # (x],y],zj)+

= (zi,yi,21) " + (cpocf  ep) # (25,95, 2) 7 + (e, ¢f s cp)

= (@i, Yi, 20) T+ (Ta, La, Fa) ¥ (vi) # (25,95, 2))" + (Ta, La, Fa) " (v))

= tpdpng (vi)T # tpdpng (v;)"
Similarly, we prove that

pdpng (vi)~ # pdpng(v5)~
= tpdpNg (vi)” # tpdpne (V)™

In general
pdpNg (Vi) # pdpNg (V) = tpdeng (Vi) # tpdpng (V).

Therefore, every pair of adjacent vertices having distinct total pseudo degree, i.e, (1) = (2) is
proved.

Now, suppose BNg is neighbourly pseudo totally irregular neutrosophic bipolar fuzzy
graph. Then every pair of adjacent vertices have distinct total pseudo degree. Let v; and
v; be two adjacent vertices having distinct total pseudo degree (tz;,ty;,tz;) and (tx;,ty;,tz;)
respectively. Then

(tzi, tyi, t2;) # (tx, ty;, t25),

i.e,

tpdpng (vi) " tpdeng (vi)7), tpdpng (vi)t # tpdpng (v;)h and
tpdpng (v5) " tpdpng (v5)7)

twi, ty;, tz) T # (tag, tyj, tz;) "

iy Yis 20) T+ (Ta Lo, Fa) (vi) # (25,95.25) " + (Ta, La, Fa) ™ (v))
wi,yi 2) T+ (e, ef ) # (2,05, 2) T + (e, ef )

xiuyiazi)+ # (xjayjazj)+

pdpNg (vi) T # pdpng (v;)"

tpdpng (vi) =
tpdpng (vj) =

o~ o~ o~ o~ o~ o~

O

Similarly, we prove that
tpdpng (Vi) # tpdpne (v;)” = pdpng (Vi)™ # pdBNg (Vi)™

In general
tpdpng (Vi) # tpdeng (V) = pdeNg (Vi) # pdBNg (V)).

Therefore, every pair of adjacent vertices having distinct pseudo degree and (2) = (1) is proved.
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Hence (1) and (2) are equivalent.

Remark 5.10 The converse of Theorem 5.9 needs not be true.

Example 5.11 Let BN¢g be the neutrosophic bipolar fuzzy graph shown in Figure 6.

(0.04,0.05,0.06, -0.04,-0.05,-0.06)

(0.4,0.5,0.6, -0.4,-0.5,-0.6)v1 v2(0.6,0.7,0.8, -0.6,-0.7,-0.8)
(0.00,0.01,0.02, -0.00,-0.01,-0.02) (0.01,0.02,0.03, -0.01,-0.02,-0.03)
(0.6,0.7,0.8, -0.6,-0.7,-0.8)v5 v3(0.5,0.6,0.7, -0.5,-0.6,-0.7)

(00170027003’ _001’_002,_003) \/000,001,002, —000,—0017—002)
v4(0.4,0.5,0.6, -0.4,-0.5,-0.6)

Figure 6

Then,

0.04, 0.06,0.08), d(vy
0.05,0.07,0.09), d(vs

(v1) ( ), d(vy)” 0.04, —0.06, —0.08),
(v2) ( ), d(v2)”
d(vs)™ = (0.01,0.03,0.05), d(vs)~
(va) ( ), d(vs)”
(vs) ( ), d(vs)”

(= )
(—0.05,-0.07, —0.09),
(—0.01,-0.03, —0.05),
(= )
(= )

d(vy)™ = (0.01,0.03,0.05), d(vs)” = (—0.01,—0.03, —0.05),
d(vs)t = (0.01,0.03,0.05), d(vs)~ = (—0.01,—0.03, —0.05
and
pdpn.(v1)T = (0.03,0.05,0.07),
pdpns(v1)” = (—0.03,-0.05,—0.07),
pdpne(v2)T = (0.025,0.065,0.085),
pdpne(v2)” = (—0.025,-0.065, —0.085),
pdpn.(v3)T = (0.03,0.05,0.07),
pdpns(vs)™ = (—0.03,-0.05,—0.07),
pdpng(va)™ = (0.01,0.03,0.05),
pdpne(va)” = (=0.01,-0.03,-0.05),
pdene(vs)T = (0.025,0.065,0.085),
pdpne(vs)™ = (—0.025,—0.065, —0.085),
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tpdpne(v1)T = (0.43,0.55,0.67),
tpdpng(v1)” = (—0.43,—0.55, —0.67),
tpdpng (v2)t = (0.625,0.765,0.885),
tpdpng (v2)™ = (—0.625,—0.765, —0.885),
tpdpng (v3)T = (0.53,0.65,0.77),
tpdpng(vs)™ = (=0.53,—0.65, —0.77),
tpdpn, (va)T = (0.41,0.53,0.65),

tpdpng (va)™ = (=0.41,-0.53,—0.65),
tpdpne (vs)T = (0.625,0.765,0.885),
tpdpng(vs)™ = (—0.625,—0.765, —0.885).

Here the graph is both neighbourly pseudo irregular neutrosophic bipolar fuzzy graph and
neighbourly pseudo totally irregular neutrosophic bipolar fuzzy graph. But here

(Ta, 14, Fa)(u) = ((Ta, Ia, Fa)* (u), (Ta, 1a, Fa)~ (u))

for all u in V is not constant.
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