Malaya Journal of Matematik, Vol. 9, No. 1, 1086-1094, 2021
https://doi.org/10.26637/MJM0901/0189

Bipolar interval valued signed neutrosophic graphs

L. Jagadeeswari'” and V. J. Sudhakar?

Abstract

In this article, we combine the concept of bipolar neutrosophic set with graph theory, we introduced the bipolar
interval valued neutrosophic graphs, strong bipolar interval valued neutrosophic graphs, degree of bipolar interval
valued neutrosophic graphs and introduce the bipolar interval valued signed neutrosophic graphs and investigate
some of their properties with proofs and examples.
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belong to the unit interval [0, 1] some more work on single
valued neutrosophic sets, interval valued neutrosophic sets
and their application may be found on [1,2,4-7,13-17,19-21]

Graph theory has now become a major branch of applied
mathematics and it is generally regarded as a branch of com-
binatorics. Graph is a widely used tool for solving combina-
tional problems in different areas such as geometry, algebra,
number theory, topology, and optimization and computer sci-
ence [9,10]. Most important thing which is to be noted that,
when we have uncertainty regarding either the set of vertices
or edges or both, the model becomes a fuzzy graph. The exten-

1. Introduction

Neutosophic sets proposed by smarandache [11,12] is a pow-
erful mathematical tool for dealing with incomplete, indeter-
minate and inconsistent information in real world. They are a
generalization of the theory of fuzzy sets, intuitionistic fuzzy
set, interval valued fuzzy set and interval valued intuitionistic
fuzzy sets [8]. The neutrosophic sets are characterized by a
truth membership function (7)) an indeterminacy membership
function (/) and a falsity membership function (F) indepen-
dently, which are within the real standard or nonstandard unit
interval |70, 17 [. In order to practice NS in real life applica-
tions conveniently, Wang et al.[5] introduced the concept of
a single valued neutrosophic sets (SVNS), a subclass of the
neutrosophic sets. The same author introduced the concept of
interval valued neutrosophic sets, which is more precise and
flexible than single valued neutrosophic sets. The IVNS is a
generalization of single valued neutrosophic sets, in which
three membership functions are independent and their value

sion of fuzzy [3] graph theory have been developed by several
researches including intuitionistic fuzzy graphs considered
the vertex sets and edge sets as intuitionistic fuzzy sets. In-
terval value fuzzy graphs considered the vertex sets and edge
sets as interval valued intuitionistic fuzzy sets. Bipolar fuzzy
graph considered the vertex set and edge sets as bipolar fuzzy
sets. M-polar fuzzy graph considered the vertex sets and edge
sets as m-polar fuzzy sets. But, when the relations between
nodes (or vertices) in problems are indeterminate, the fuzzy
graph and their extensions are failed. For this purpose, sama-
randache have defined four main categories of neutrosophic
graphs, two based on literal indeterminancy, which called
them; I edge neutrosophic graph and I-vertex neutrosophic
graph, these concept ate studied deeply and has gained pop-
ularity among the researches due to its applications via real
world problems the two other graph based on (7,1, F) compo-
nents and called them; the (7,1, F)-edge neutrosophic graph
and the (7,1, F)-vertex neutrosophic graph, these concept are
not developed at all. Later on, Broumi et al. [18] introduced a
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third neutrosophic graph model this model allow the attach-
ment of truth-membership (7), indeterminacy-membership
(1) and falsity-membership degrees (F') both to vertices and
edges and investigated some of their properties. The third neu-
trosophic graph model is called single valued neutrosophic
graph (SVNG) the single valued neutrosophic graph model
is called single valued graph and intuitionistic fuzzy graph.
Also the same authors introduced neighborhood degree of a
vertex and closed neighborhood degree of vertex in single val-
ued neutrosophic graph as a generalization of neighborhood
degree of a vertex and closed neighborhood degree of vertex
in fuzzy graph and intuitionistic fuzzy graph in the literature
the study of interval valued neutrosophic graph is still blank
we shall focus on the study of interval valued neutrosophic
graphs.Then, Sudhakar et al.[22-25] introduced the concept of
interval valued signed neutrosophic graph and self-centered
interval valued signed neutrosophic graph.

In this paper, Bipolar interval valued neutrosophic graphs
and Bipolar interval valued signed neutrosophic graphs are
developed.

2. Preliminaries

In this section, we mainly recall some nations related to neu-
trosophic sets signal valued neutrosophic sets, interval valued
neutrosophic sets, and bipolar interval valued neutrosophic
graphs.

Definition 2.1. Let U be an universe of discourse; then the
neutrosophic set A is an object having the from A = {<
x: Ty(x),Fa(x) >, x € U}, where the funtions T, I, F:U —
170,17 [ define respectively the degree of membership, the de-
gree of indeterminacy and the degree of non-membership of
the element x € U to the set A with the condition.

T0 < Ty (x) +Ia(x) + Fa(x) <37

The functions Ty(x),I5(x), and Fy(x) are real standard or
nonstandard subsets of | =0, 17 since it is difficult to apply
NSS to practical problem. Wang etal introduced the concept
of a SVNS, which is an instance of a NS and can be used in
real scientific and engineering applications.

Definition 2.2. Let X be a space of points (objects) with
generic elements in X denoted by X. A single valued Neutro-
sophic set A (SVNS A) is characterized by truth membership
Sunction Ty (x), an indeterminacy-membership function I (x)
and a falsity-membership function Fy(x) . For each point x
inX. Tx(x),I4(x),Fa(x) € [0,1]. A SVNS can be written as
A={<x:Ty(x),Is(x),Fs(x) >,x€X}.

Definition 2.3. Let A = (TA,IA,FA) and B = (TB,IB,FB) be
single valued neutrosophic sets on a set X. If A = (Ty, 14, Fy)
is a single valued neutrosophic relation on a set X, then A =
(Ta,1n, Fy) is called a, single valued neutrosophic relation on
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B = (Tg,1,Fp) If
Tp(x,y) < min(Tx(x),Ta(y))
Ig(x,y) = max(la(x),1a(y))
Fp(x,y) > max(Fy(x),Fa(y)) forallx,yeX

A single valued neutrosophic relation A on X is called symmet-
ric if Ty(x,y) = Ta(v,%),Ia (x,y) = Ia(y,x), Fa(x,y) = Fa(y,x)
and TB(x7y) = TB(yax)7IB(x7y) = IB(yax)7FB(-x,y) = FB(yvx)
and for all x,y € X.

Definition 2.4. A single valued neutrosophic graph with un-
derlying set V is defined to be a pair of G = (A, B) where,

1. The functions Ty : V — [0,1],I4 : V — [0,1] and Fy :
V — [0, 1] denote the degree of truth membership degree
of indeterminacy-membership and falsity-membership
of the element v; € V respectively, and 0 < Ty(v;) +
L)+ Fo(vi)) <3 forallv;eV(1,2,...,n).

2. The functions Tg: E CV XV —[0,1], I :ECV XV —
[0,1] and Fg : E CV xV — [0,1] are defined by

Ts({vi,vi}) <
IB({V,‘,V]'}) >
Fp({vi,v;}) =

denotes the degree of truth membership, indeterminacy-
membership and falsity-membership of the edge (v;,v;) €
E respectively, where 0 < Tg({vi,v;}) +Ig({vi,v;}) +
Fg({vi,v;}) <3 forall (vi,vj) €E(i,j=1,2,...,n).

min[Ty (v;), Ta(v})]
max([l (vi),1a(v;)]
max [Fy (vi),Fa(v;)]

Definition 2.5. A bipolar neutrosophic set A in X is defined
as an object of the form

A={<x,TP(x),I"(x), FF(x), T (x), IV (x),F¥(x) >:x€ X}
where TP 1P FF : X — [0,1] and TV, IV, FN : X — [-1,0].
The positive membership degree T* (x),I7 (x), F (x) denotes
the truth membership, indeterminate membership and false
membership of an element € X corresponding to a bipo-
lar neutrosophic set A and the negative membership degree
TN (x), IV (x), FN (x) denotes the truth membership indetermi-
nate membership and false membership of an element € X
to some implicit counter-property corresponding to a bipolar
neutrosophic set A.

Example 2.6. Let X = {x1,x2,x3}

A= < x,05,0.3,0.1,-0.6,—0.4,—0.05 >
< x,0.3,0.2,0.7,—-0.02,—-0.3,—-0.02 >
< x3,0.8,0.05,0.4,—-0.6,—0.6,—0.03 >

Is a bipolar neutrosophic subset of X .

Definition 2.7. Let
AL ={<x, T (), 17 (x), F (x), 1Y (), I} (x), F{¥ (x) >}

and Ay = {< x, T} (x), 15 (x), Ef (x), T (x), I (x), Y (x) >}
be two bipolar neutrosophic sets then A1 C Ay if and only if
17 (x) < T (0),17(x) < 15 (x), F () > Ff () and TV (x) >
TN (x), 1N (x) > IY (x), FN (x) < EN(x) forallx € X.
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Definition 2.8. Let
Ar={<x,T{ (), 17 (x), F (x), T} (), 1Y (x), F{¥ (x) >}

and Ay = (< x, T (0). 5 (x), Y (), T (), 13 (), EL () >}
be two bipolar neutrosophic sets then A| = A, if and only if
TP (x) = T (0), 17 (x) = £ (), F{ (x) = F{ (x) and T (x) =
TN (x), IV (x) = I (x), FN (x) = F (x) forall x € X.

Definition 2.9. Let
A= {< X, TIP(x)aIlP(x)vFIP(X)?TIN(X)J{V(X)’FIN(X) >}

and Ay = {< x, T (x), 12 (), F (<), T3 (), 15 (0), F () >}
be two bipolar neutrosophic sets then their union is defined as
IP(x)+ 1 (x
(A1 UA2) () =max (17 () 7§ (1)), TR
min(7} (x), 73 (x))
1 I
—max (1} () 7 (), TR )
min(7}" (x), 73" (x))
forallx € X.

Definition 2.10. Let
Ar = {<xT{ (), 17 (x), B (x), T} (x), 1Y (x), F{¥ (x) >}

and Ay = {< X, Tf(x),]é)(x),sz(x),TzN(x),Iév(x),FzN(x) >}
be two bipolar neutrosophic sets then their intersection is
defined as

(A1 142)(0) = min(TY (2). 75 (), L0,
max(T}’ (x), T3 (x))
—max(T{" (x), 73" (x)), w
min(T} (x), T3 (x))
forallx € X.

Definition 2.11. Let
A= {<x7 T1P<x)71f(x)7F1P(x)ﬂTIN(x)vliv(x)7FlN(x) >ix GX}

be a bipolar neutrosophic set in X then the complement
of A is denoted by A and is defined by TYc(x) = {17} —
T (x), Iye(x) = {17} —I{ (x),F{c(x) = {1"} = F{(x). and

Te(x) = {1V} = T (x), Y e(x) = {1V} = I (x), Fe(x) =
{1V} = FYY (x).

Definition 2.12. Let G = (A,B) be a single valued neutro-
sophic graph. Then the degree p of any vertex V is sum of
degree of truth-membership. Sum of degree of indeterminacy-
membership and sum of degree of falsity-membership of all
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those edges which are incident on vertex V denoted by d(v) =
(dr(v),d;(v),dp(v)) Where

dr(v) = Z Tg(u,v) denotes degree of truth-membership
u#v
vertex

dr(v) Z Ip(u,v) denotes degree of Interminary
u#v

-membership vertex

Z Fp(u,) denotes degree of Falsity

u#v

-membership vertex

dp(v) =

Definition 2.13. Let X be a space of points (objects) with
generic elements in X denoted by X. An interval valued
neutrosophic set (IVNSA) A in X is characterized by truth-
membership function T (x), indeterminacy-membersip func-
tion I, (x) and falsity-membership function F4(x). For each
point X in X we have that Ty(x) = [Ty (x)Tay (x)],14(x) =
L (¥)Iav (x)], Fa(x) = [Far (x) Fau (x)] < [0,1] and 0 < Ty (x)
+Ia(x) + Fa(x) <3.

Definition 2.14. Let X and Y be two non-empty crisp sets.
An interval valued neutrosophic relation R(x,y) is a subset of
product space x X y, and is characterized by the truth member-
ship function Tg(x,y), the indeterminacy membership function
Ir(x,y), and the falsity membership function Fg(x,y), where
TR(xvy)’IR(xay)’FR(xvy) < [07 1]

3. Bipolar Interval Valued Neutrosophic
Graphs

Definition 3.1. A BIVNG can be defined as G = (A,B), here
A= <x [T T I D | [FAL A 1 TAL TAU AL LAy ) IFAL A ) >
is an BIVN set on vertices V and
B = < x, [T Ty | g I | (o Fiu | T, Tau UL Ihu | [FL Fry ) >.

is an BIVN set on edges, proves the following condition

1. Y ={vi,va,...,vy} then TAPL TV — [0,1},TfU v — [O,I}IEL :
v— [0,115, v — [0,1]F :v — [0,1]FL, :v = [0,1], T v —
(1,017, : v — [ 1,0}, :v— [~ 1,0]13, : v — [~ 1,0]Fl :v—
[—1,0]FY, : v — [-1,0].

Denotes the degree of truth-membership, indeterminacy -
membership and falsity-membership respectively

—0<TY W)+ (vi) +EF (vi) <3Vviev(i=1,...,n)

BT W) +IE(v)+EF(vi) <0

2 I TL VXV = [01Th : VXV = [0,1]I5, : V=V —
[0,1]15, : VXV = [0,1]FL :VxV = [0,1]F}, : VXV —

0gl0
S0,
S5027:

(N
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[0,1] then
= TBL({Vian}) < min[T{ (v), T, (v))]
Tiy({visv;}) < min[T{ (), Ty (v))]
Iy ({viovi}) > max(Ii, (vi), Iy (v))]
s ({visvi}) > max(Iiy (vi), Iy (v))]  and
FBL({W’V]}) > max[Fj; (vi), Fiz(v))]
FBU({Viij}) > max[FP (Vi)vFAU(VJ)]

If TY V><V—>[ LOITY, :V xV — [—1,0, :V xV —
(1,015, : VXV — [-1,0]FY : V xV — [-1,0]FY, : V x
V — [—1,0], then

Tar({viv;}) < max[Ti; (vi), iy (v;)]
TBU({Vi>Vj}) < maX[TA]\ll](vl) TA]\LIJ(Vj)]

Iy ({vi,vi}) > min[ly (vi), 1 (v))]
IBU({Vi7Vj}) > min[Iy,; (vi), Ly (v;)]  and
Fiy ({vi,vi}) > min[F{ (vi), iy (v;)]
Fy({vi,v;}) = min[Fg, (vi), Fay (v))] Wvi,vj € E

(0.3, 0.5) (0.2, 0.3) (0.3, 0.4} (0.1, 0.2) (0.3, 0.4) (0.4, 0.5) (0.2, 0.3) (0.2, 0.3) (0.1, 0.4)

(-0.3,0.2) (-0.3,-0.1) (-0.3,-0.2)

(02,-0.1) (0.3, 0.1) (:0.3,0.2)

(0.2, -0.1)(-03, -0.1) (-0.3,-0.2)

(0.1, 0.2) (0.3, 0.5) (0.4.0.5)
(-0.3.-0.2) (-0.3,-0.1) (-0.3.-0.2)

(0.1,03)(04,03) (04,05
0.2, -0.1)(-0.3,-0.1)(-03,-0.9
Vs
(0.1,02) (0.4,03) (0.3,0.5)
(-0.2,-0.1)(-0.3,-0.1) (-0.1,-0.3)

Figure 1. BIVNG

The following adjacency matrix Mg is representing the BIVNG
diagram G

<[0.30.5][0.20.3][0.30.4] >< [0.10.2][0.30.4][0.40.5] >

< (0.10.2}]0.30.5]]0.40.6

< [0.10.2][0.30.4][0.40.5] >< [0.20.3][0.20.3][0.10.4] >

<[0.10.2][0.30.5][0.40.6] >< [0.10.3][0.40.5][0.40.5] >

[0.20.3][0.30.4]
[0.10.2][0.30.5][0.40.6]
[0.10.2][0.30.4[0.40.5]

< [0.10.3](0.40.5)[0.40.5]
[0.10.2][0.30.5}[0.40.6]
[0.20.4]0.30.5]

< [0.10.3][0.20.4][0.30.5

And MY is

[ <(-0.3,-0.2)(~0.3,—0.1)(=0.3,-0.2) > ]
< (=0.2,-0.1)(+0.3,+0.1)(—0.3,0.2) >

<(~03,-02)(~03,-0.1)(~0.3,-02) >
<(-0.2,-0.1)(~0.3,-0.1)(~0.3,-0.2) >
<(=0.2,-0.1)(~0.3,-0.1)(-0.3,-0.2) >
<(-0.2,-0.1)(~0.3,-0.1)(~0.3,-0.3) >
<(-0.3,-0.2)(~0.3,-0.1)(-0.3,-0.2) >
<(=0.2,-0.1)(—0.3,-0.1)(—0.2,—0.1) >
| < (-0.3,-0.1)(~0.3,-0.1)(~0.3,-0.3)

Definition 3.2. If G = (A,B) be an BIVNG. Then the degree
of the vertex V is summation of degree of truth membership.
Summation of degree of the indeterminacy membership and
summation of degree of the falsity membership of all those
edges which are incident on vertex V denoted by

dTL Z TBL u,v)
u#v

= degree of lower truth positive membership vertex
dTU Z TBU u, V
utv
= degree of upper truth positive membership vertex
dIL Z IBL u, V
u#v
= degree of lower indeterminacy positive membership vertex
d[U Z IBU u, V
u#v
= degree of upper indeterminacy positive membership vertex
dFL Z FBL u,v)
uv
= degree of lower falsity positive membership vertex
dFU Z FBU u,v)
u#v
= degree of upper falsity positive membership vertex

Similarly we can define for negative

dTL Z TBL u, V
u#tv

= degree of lower truth negative membership vertex
N
v) = Z Tgy (u,v)
u#v
= degree of upper truth negative membership vertex
N N
V)= Z Ip (u,v)
u#v
= degree of lower indeterminacy negative membership vertex
N N
v) = Z Ipy (u,v)
uzv
= degree of upper indeterminacy negative membership vertex
dFL Z FBL u, V
u#v
= degree of lower falsity negative membership vertex
dpy(v) =Y. Fayy(u,v)
u#v
= degree of upper falsity negative membership vertex

n
L0,

%

40
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Definition 3.3. If G = (A, B) is called strong BIVNG. Then

Tar({vivi}) = min[T{(v), T (v)]
({Via"j}) = min[TAPU(vl) TAU(VJ)]
({Vi:"j}) = maX[[fL(v,) IAL(VJ)]
bu(vivi}) = max(Iiy (), Ly (v))]
Fr({vivi}) = max[F{ (), Fiz(v))]
FBU({Vi7Vj}) max[F/fU(vl) FfU(Vj)}
Similarly
Tir({vi,v;}) max([74y (vi), T (v;)]
TBU({Vian}) = max[Tyy (vi), Tiy (v)]
({Vi,"j}) = min[lf‘VL vi), IAL(VJ)]
o (visvi}) = minllyy (vi), Ly (v))]
FBL({Vi»Vj}) = min[Ff{VL(vl) FAL(vj)]
Fgy({viyvi}) = min[Fy (v), By (v;)]

4. Bipolar Interval Valued Signed
Neutrosophic Graphs

Definition 4.1. A BIVNG G is said to be signed BIVNG.

If o : E(G*) — {3, =3} this function associate from E(G)*
of G* such that each edges signed to {+,—} or all the edges
and the nodes are signed to {+,—}.

Assign E(G*) — {3,—3} based on its truth, indetermi-
nacy, falsity membership values. If Truth =

> Indeterminacy & Falsity values; Positive (+)
< Indeterminacy & Falsity values; Negative (- )
= Indeterminacy & Falsity values; Unsigned

Bipolar interval valued signed Neutrosophic graph is said
to be negative signed if odd numbers of edges of Bipolar
interval valued signed Neutrosophic are negative.

Lemma 4.2. A BIVSNG is a Bipolar interval valued positive
signed Neutrosophic graph if all the even length cycles are
having all the negative signed nodes.

Proof. In the following diagram, if all the edges contain neg-
ative sign is always positive. Hence it is always a positive
signed graph.

In case all the edges contains negative sign is always
positive.

So this graph is always a positive signed graph.

(0.1,0.1)(0.2,0.2)(0.1,0.2)

— =4(-0.3,-0.2)(~0.3,~0.1)(~0.1,-0.1)

(0.2,0.1)(0.2,0.2)(0.1,0.2)
(—0.3,—0.2){—0.3,—0,1){—0.3,—0.1)

¥

(0.1,0.3)(0.2.0.1)(0.1,0.2)
(0.2, ~0.1)(~0.3, 0. 1)(~0.1, 0. 1)
¥y

(0.1,0.1)(0.2,0.4)(0.4,0.5)

- =t (—0.3,-0.2)(—0.3,~0.1)(-0.2, 0.1}

(0.1,0.1){0.2,0.3)(0.1,0.4)

— =4 (-0.3,-0.2)(—0.1,-0.1)(-0.1,-0.2}

(0.1,0.3)(0.2,0.4)(0.4,0.5)
(—0.2,-0.1)(-0.3,-0.1){-0.2,-0.1) [

(0.1,0.1)(0.2,0.4)(0.4,0.5)

¥y

(0.2,0.1)(0.1,0.3){0.1,0.1)
(-0.3,-0.2)(—0.1,~0.2)(~0.3,~0. 1)

— ={(-0.3,-0.2){-0.1,-0.1){ 0.2, ~0.1)

]

Figure 2. BIV Positive signed N.G

O

Corollary 4.3. If a graph with odd length cycle is having all
negative signed nodes is always negative signed graph.

Definition 4.4. A Bipolar interval valued signed neutrosophic
graph is balanced. Then the graph have even number of neg-

ative signed edges or all positive signed edges. The Bipolar
interval valued signed neutrosophic graph is completely bal-
anced if,

ENAR VSR WS Wl
i=1 i=1 i=1 i=1 i=1
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for all edges of G.

(0.1,0.1(0.2,0.2)(0.1,0.2)
— ={(-0.3,-0.2)(-0.3,-0.1)(-0.3,-0.1)
(0.4,0,1)(0.2,0.2)(0.1,0.2)
(=0.3,~0.2)(~0.3, 0. 1)(~0.3,~0.1) (0.2,0.3)(0.2,0.1)(0.1,0.2)
(—0.1,—0.1)(—0.3,—0.5)(-0.4,-0.2)
A v,

¢ ‘ .2,0.3){0.2,0.2)(0.4,0.2)
(0.1,0.1)(0.2,0.2)(0.2,0.2} (0.2,0.3){0.2,0.2)(0.1,0.2)

— —=(~0.3,-0.2)(~0.3,0. 1)(~0.2,~0.1) + ={(-0.2,-0.1)(-0.2,-0.2)(—0.3,-0.2)

(0.4,0.2)(0.2,0.1)(0.2,0.2)

gk e s e (0.3,0.3)(0.1,0.2)(0.1,0.1)

(0.3,0.2(0.2,0.2)(0.2,0.2) (-0.2,-0,1)(~0.2,~0.2)(-0.3,~0.2)
+ =4(-0.2,-0.1)(-0.2,-0.2)(-0.2,-0.2)

-

Figure 3. Balanced BIVSNG

Definition 4.5. The complement of a Bipolar interval valued ~ Example 4.6. An example of complement of BIVSNG.
signed neutrosophic graph G = (A,B) on G* is a bipolar
interval valued signed neutrosophic graph G., where

TYwi) = Tfvi)  TY(w) =T (w)
) = It(w) I(vi) =1 (vi)
Ff(vi) = F{w)  EY(wi)=F{(w)
{0.3,0.1) {0.2,0.2) (0.1,0.2) (0.3,0.1) (0.2,0.3) {0.1,0.2) {0.3,0.3) {0.2,0.3) {0.1,0.2)
(-0.3,-0.2) (0.3,0.1] (-0.3,-0.2) (-0.3,-0.1) (-0.8,-0.5) (-0.5,-0.3)  {-0.8,-0.1) (-0.3,-0.5) (-0.4,-0.2}
vi va
{0.3,0.1) (0.2,0.5) (0.4,0.5) (0.2,0.3) (0.2,0.3) (0.1,0.2)
(-0.3,-0.2) (-0.3,-0.1) (-0.2,-0.2) (-0.2,-0.1 ) {-0.3,-0.5) {-0.4,-0.2)
v2 vi
{0.3,0.1) {0.2,0.4) (0.4,0.5) (0.2,0.3) (0.1,0.3) (0.1,0.4) {0.2,0.3) {0.1,0.3) (0.1,0.4)

{+0.2,-0.1 } {=0.3,-01) («0.2,-0.1} (+0.2,-0.1 } {-0.1,-0.2) {-0.2,-0.1)  (=0.2,-0.1 }{-0.1,0.2) {-0.3,-0.2)

Figure 4.
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(0.4,0,4)(0.2,0,2)(0.1,0.2)
{—0.3,-0.2)(—0.3,-0.1){ -0.3,—0.1)

v

(0.1,0,1)(0.2,0.2)(0.1,0.2)
(=0.3,-0.2){—0.2,-0.1){-0.3,—0.1)

¥y

(0.4,0,2)(0.2,0.1)(0.2,0.2)
(-0.1,-0.1)(-0.3,—0.2)(~0.2,-0.3)

(0.2,0,3)(0.2,0.1)(0.1,0.2)
{-0.1,-0,1){-0.3,—0.5)(-0.4,—0.2}

vy

(0.2,0.3)(0.2,0.1)(0.2,0.2)
{(=0.1,—0.1)(—0.3,-0.2){-0.2,-0.2)

¥y

(0.2,0,3)(0.1,0.2)(0.1,0.1]
(—0.2,-0,1)(—0.2,—0.2)(—0.3,-0.2)

Figure 5.

Proposition 4.7. An odd length Bipolar interval valued signed
neutrosophic cycle is balanced iff it contains at least one posi-
tive edge or odd number of positive edges

Proposition 4.8. If G is a strong BIVNG then G=0G.

Proof. By the definition,

Tlg(u,v) = min(TfL u)TfL(v))
Ty (u,v) = min(Tiy ()T (v))
Tar(w,v) = max(T{L(u)TiL(v)
Ty (u,v) = max(Ty (u) Ty (v)
IgL("‘»") = max(lﬁL(“)IgL v))
Igu(”ﬂ’) = max(ljU(”)IXU(V))
IgL(”’V) = min(I,{xVL(M)IAL v))
Iy (u,y) = min(Lyy (u) iy (v)
F;L(”,V) = maX(F:L(u)F:L(V))
Fiy(uv) = max(Fiy (u)Fiy (v))
FY (uy) = min(FliVL(u)Ff{VL v))
Fiy(u,v) = min(F{y (u)Fiy (v))

Let

T (u,v)

= min(T{, (), T4 (v)) — Ty (1)
= min(T} (u), T}, (v)) — [min(TL, (), T4, (v)) — T (u,v)]

— min(Zf, (), T, () — min(T, (), T}, (v) + T, (u,v)

—P
TBU(“W)

= min(TJ} (u), T (v) — Ty (,v)

— min(Z (u), Ty (v)) — [min(T4 (), Ty (v)) — Ty (u,v)

= min(TAPU(u)a T/{)U(V)) - min(TfU(“)v TAPU(V)) + T;U(ua V)

= T;U(lhv)

—N
TBL(“aV)

= max(T}y (u), T3} (v)) — Tpr (u,v)

= max (737, (u), T3y, (v)) — [max (T3] (), T{L(v)) — T3 (u,v)]

= max(Tyy (), TiL.(v)) — max(T3y, (u), T4y (v) + Ty (u, )

= Ty (u,v)

=N
TBU(”aV)

= max(TJ) (), T, (v)) — Ty (u,)

= max(Ty (), Ty (v) — [max (T, (u), Tny; (v)) = Tg (u,v)]

= max(Tyy (), Ty (v)) — max (T (u), Tiy (v)) + Tgy (,v)

= Té\[’,(u,v)

= max (L4 (), I, (v) — T (u,v)

= maX(IALW)’IﬁL(V)) - [max(lxi)L(u)szL(V)) —IgL(“aV)]

= max (L (), I3, (v)) — max (L () Ix, (v)) + I (1, )

= max (I (), I (v)) — Ty (,v)

= max Ly (), Iy (v)) — [max (I (u), Ly (v)) — Ly (u,v)]

= max (L (), Iy (v) — max (I (), Ly (v)) + gy (u, )
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Ty (14,7) Iy (u,v) = max(If, ()15, (v))
P _
= min(14, () 3, (v)) =Ty (,) () = mf‘"“ (i ()
= min(IY, ().}, (v)  [min(2Y, () 3, (1) — I3y ()] F (1) = minl ()13.())
= min(Z), (u). 2 (v) — min(23 (1), 13, (v)) + I3 (u,v) T (u;v) = min(ly, () (v)
— 1Y () Fiy (u,v) = max (Fi7, (u) F{p (v))
2 ) iy (.v) = max(Efy (0)Efy ()
e " F (,v) = min(F} () F (v)
= mln(IAVU(u),IAVU(v)) — Iy (u,v) FN N N
. N N . N N N g (1, v) = min(Fyy, (u) Fyy (v))
= min(lyy (), Ly (v)) — [min(Iyy (), Ly, (v) — Igy (u,v)] o
= min(13y (u), 1y (v) — min(Y, (u) B, (V) + By vy NOWE
= Iy (u,v) Th = min(Thw),Th(v) — TL (u,v) Vu,veV
Fpy (1,v) = min(T{, (u), T, (v)) — min(T, (u), T, (v))
= max(F}, (u), L (v)) — Fhap (u,v) T 0 Vuyvev
 man(EL () FL ) mx(F 0 F )~ ) TR0 = MR TH0) Ty vvey
7 ’ ’ = min(TE, (u), T, (v)) —min(TE, (u), TF, (v
= max(Ff (1), (1) ~ max(Ef 1), Ff, () + Ffy (a.) — T T () = min(Tay (- T ()
=Fr u,v T ,
;FAL( V) T, = max(TN(u), TN (v) — T (u,v) VuveVv
Fpy(u,v) = max(T) (u), TN (v)) —max(TL (u), TN (v))
= max(Efy (u), Ffy (v) = Fy (u,v) =0
— max(EL, (u), FL, (v)) — [max(EL, (u), ED, (v)) — BB (u,v)] Tpy = max(Tiy(u), Ty (v)) — Ty (w,v)  Yu,v eV
= max(Ffy (u), Efy (v) — max (Efy (), Efy (v)) + Ffy (,v) = ;nax(TM% Tiby (v)) —max (T (u). Ty ()
=FL u,v B -
Sl Tne = max(Z5y(u). 25 () — I (u,v)
Fp(v) = max(If (), 25, (v) — max (15, (u), 15, (v)
= min(F}) (), F3y (v)) — Faz (u,) -0
= min(Fy (), Fiy (v)) — [min(F}} (), F3L(v)) = Fiy (u,v)] Ty = max(Ify (u), Iy (v) = Iy (,v)
= min(EY (u), FY, (v)) — min(EY, (u), FY, (v)) + FD (u,v) = max(Lyy (u), Iy (v) — max(Iiy (u), Ly (v))
- Ff{VL(ua v) =0
F u,v and _
't )N v Ty, = min(E ()15 (v) — I ()
= mln(FAU(u)vFAU(V)) 7FAU(”aV) _ min(IN (u) ]N (V)) —min(IN (Lt) IN (V))
. N N . N N N AL\")>TAL AL\")>TAL
= min(Fyy (u), Fay (v)) — [min(Fay, (u), Fay (v)) — Fpy (u,v)] = 0
= min(F3y, (), Fjy (v)) — min(Exy (u), Fiy (v)) + Fap (,v) Iy = min(2, (u), 2 (v)) — I, (u,)
= Fuy (u,v) = min(Zyy (u), Iy (v) — min(Zy; (), Iy, (v))
= 0
.. The theorem proved. O
Similarly,
Proposition 4.9. If G is a complete BIVNG then the comple- Fg;(z,vy) = max(FJ (u),Fl (v)) — Fhy (u,v)
ment of complete BIVNG has no edges. _ max(FfL(u),FfL(v)) _ maX(FfL(u),FfL(v))
Proof. =0
g TP (u,v) = min(TE ()T, (v)) F;U(”,V) = max(FfU(u),FfU(v)) _FlfU(uvv)
Tsz(M, v) _ IIllIl(TAPU (M)TAPU (V)) = maX(F/{JU(”)’F/{JU(V)) - maX(Ff{JU (u)va{)U (V))
N N N = 0
Ty (u,v) = max(Tyy (u) Typ(v))
Ty (u,v) = max (T, (u) i, (v)) and
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Fy(uy) = min(E (u),F.(v) = Y (u,v)
= min(EY (u), F.(v)) — min(EY (u), E.(v))
=0

Fyy(u,v) = min(El,(u), FJY, (v) — Fy (u,v)

min(EQ (u), £y (v)) — min(EQ (u), B (v))
0

=P =P =N =N <P =P =N =N =P —=P —=N =N
TBLvTBU?TBLvTBUJBLJBU’IBL»IBUvFBLvFBUﬂFQL’FBU =
(0,0,0,0,0,0,0,0,0,0,0,0). Hence the edge set of G is empty
if G is complete Bipolar interval valued neutrosophic graph.
U

5. Conclusion

In this paper, we have defined for the Bipolar interval valued
signed neutrosophic graphs, Strong bipolar interval valued
neutrosophic graphs and Degree of bipolar interval valued
neutrosophic graphs with examples. In future study, we plan
to extend our research work to regular bipolar interval val-
ued neutrosophic graphs and irrgular bipolar interval valued
neutrosophic graphs.
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