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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

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-
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
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not developed at all. Later on, Broumi et al. [18] introduced a
third neutrosophic graph model this model allow the attach-
ment of truth-membership (7'), indeterminacy-membership
(I) 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.[22-26] introduced the concept of
interval valued signed neutrosophic graph and self-centered
interval valued signed neutrosophic graph.In this paper some
operations on bipolar interval valued neutrosophic graphs are
discussed with examples.

2. Preliminaries

In this section, we recall some notation, related to neutro-
sophic sets, single valued neutrosophic sets, interval valued
neutrosophic sets, single valued neutrosophic graphs and in-
terval valued neutrosophic graphs related to this work.

Definition 2.1 ((Smarandache 2006)). Let X be a space of
points with generic elements in X denoted by x; then the
neutrosophic set A (NSA) is an object having the form

A={<x:Ty(x),1s(x),Fa(x) >x € X},

where the functions T.I,F : X —]~0,17[ define respectively
a truth membership function, an indeterminacy - membership
function, and a falsity membership function of the element
x € X to the set A with the condition:

70 < Ty (x) Ma(x)| Fa(x) <3%

The functions Ty (x),I4(x) and Fx(x) are real Standard or
non standard subsets of |~ 0.11].

Definition 2.2 (Wang et al 2010a)). Let X be a space of
points with generic elements in X denoted by x. As single val-
ued neutrosophic set A is characterized by truth-membership
Sunction Ty (x), an indeterminacy-membership function I, (x)
and a falsity-membership function F4(x), For each point x in
X, Ta(x),I5(x), Fa(x) € [0,1] SVNS can be written as,

A={<x,Ty(x),Ia(x),Fs(x) > x€X}.

Definition 2.3 ((Wang et al. 2005a)). Let X be a space of
points with generic elements in X denoted by x. An interval
valued neutrosophic set (IVNS) A in X is characterized by
truth-membership function Ty (x), indeterminacy-membership
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Sunction I4(x) and falsity-membership function Fy(x). For
each point x in X,

Ty (x) = [Tar(x), Tav (x)]

Ia(x) = [Iar(x), Lav ()]

Fa(x) = [FarL(x), Fau (x)] € [0,1], and
0< TA()C) —I—IA(X) —|—FA(X) <3

Definition 2.4 ((Wang et al 2005 a)). An IVNS A is contained
in the IVNS B, A C B, if and only if

Tyr(x) < Tpr(x), Tay (x) < Ty (x)
IaL(x) > Ipp(x), Iav (x) > Ipy (x)
Far(x) > Fpr(x), Fay (x) > Fpy (x), for any x in X

Definition 2.5 ((Wang et al 2005 a)). The union of two inter-
val valued neutrosophic sets A and B is an interval neutro-
sophic set C, written as C = AU B, whose truth-membership,
indeterminacy-membership and false membership are related
to those A and B by

Ter(x) = max (Tap(x),Tpr(x))
Tey(x) = max (Tyy(x), Tey (x))
Icr(x) = min(la(x),IpL(x))
Icy(x) = min (L (x),Iy(x))
Fer(x) = min(Fap(x), Fpr(x))
Fey (x) min (Fyy (x), Fpy (x)), forall x in X.

Definition 2.6 ((Wang et al 2005 a)). 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 character-
ized by the truth membership function Tg(x,y), the indetermi-
nacy membership function Ig(x,y), and the falsity membership
Fr(x,y), wherex € X andy € Y and Ty (x,y),Ir(x,y), Fr(x,y) C
[0,1].
Definition 2.7 ((Mishra and pal 2013)). An interval valued
intuitionistic fuzzy graph (IVIFG) G = (A,B) satisfies the
following conditions:
1. V= {V1V2 .. .V,,} suchthat Muy 1V — [0, 1], Muy :V —

[0, 1] and Ny, : V — [0, 1],

Ny 1V — [0, 1], denote the degree of membership and

non-membership of the element y € V. respectively, and

0 < Mp(x)+Na(x) <1
foreveryx V.

2. The functions Mpy, : V xV — [0,1],Mpy : V XV —
[0, 1], and Ngp, -V xV — [O, 1]7NBU VXV — [O, 1]7
are denoted by

Mpr(xy) < min[Maz(x),Mar(y)],
Mpy(xy) < min[May(x), Mav (y)],
Npr(xy) > max[Np(x),Npr(y)],
Npy(xy) > max[Npy(x),Npu(y)],
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Definition 2.8 ((Broumi et al 2016 b)). A single valued neu-

trosophic graph (SVN-graph) with underlying set V is defined
to be a pair G = (A, B) where;

1. The functions Ty : V — [0,1],14 : V — [0,1] and Fy :

V — [0, 1] denote the degree of truth-membership, de-

3. Operations on Bipolar Interval Valued
Neutrosophic Graphs

In this section Gg = (V,E) denotes a crisp graph and G-an
interval valued neutrosophic graph.

gree of indeterminacy membership and falsity-membership Definition 3.1. By Bipolar interval valued neutrosophic graph

of the and element v; € V, respectively, and

O0<Ty(vi)+1a(vi)+Fa(vi) <3.Wv; €V(i=1,2...n)

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

Ty ({vi,v;})

I ({vivj})
Fy ({vi-v;})

min [T (vi),Ta(v})]
max Iy (vi) , a(v})]

<
>
> max [Fy (vi),Fa(v))]

and denote the degree of truth-membership, indeterminacy-
membership and falsity-membership of the edge (vi,v;) €

E respectively, where
0 < T ({vi,v;}) + I ({vi,v;}) + Fs ({vi,v;}) <3
forall {vi,v;} €E(i,j=1,2,...,n).

Definition 2.9 ((Broumi et al 2016 b)). Let G = (A,B) be a
single valued neutrosophic graph. Then the degree of vertex
V is defined by d(V) = (dr (v),di(v),dr (v)) where

ZTBMV ,di(v Zlguv and dp (v ZFBM
u#v u#v u#v

Definition 2.10 ((Broumi et al 2016 b)). A single valued
neutrosophic graph G = (A,B) and G* is called strong neu-

Gp(A,B) where

A=< [T/&TA}Z/} [I/I;LI/TU} {FILF:U] [TANLTAAZIJ] [I/IAVLIQVU} [F;(VLF /g]] >
is an Bipolar interval valued neutrosophic set on' V and
B=< [TJQTgU} {IIS)LIII;U] [F;LFgU] [TBI’%TIQII]] [InggU] [FBAZF%] >

is an Bipolar interval valued neutrosophic relation on E.
Satisfying the following conditions:

1.V ={viva...vy} such that T, :V —[0,1],Th, :V —
[0,1], %, : vV — [0, 1],
15,V —[0,1),FF v — (0,1, Ef, :v—10,1], TV : V —
[—1,0], T, : V = [—1,0], I}, : V = [—1,0], I}y, : V = [-1,0],
FN .V — [—1,0, FN, : V — [~1,0] denote the degree of
truth membership, the degree of indeterminacy-membership
and falsity-membership of the element v € V, respectively, and

0<TF (i) +IE(vi) +FFP(v;) <3
—-3< TIL{V(V,') +I/§V(vi) —|—F[{V(V,') <O0OVv;eV.

The functions Tf, :V xV — [0,1]T, : V xV — [0,1]1F; :
VxV =[0I, :VxV = [0,1]Ff :V xV —[0,1]F, :
VxV—[0,1],

TN VXV = [-LOITY, :VxV = [-101, :VxV —
[—1,011, : V xV = [~1,0]F} :V xV — [-1,0]F}, : V x

v

trosophic graph V = [=1,0] such that
Tp(visvj) = min[Ty (vi), Ta(v))] Tg(viev)) < min[T3 (v), T3 (v;)]
Ig(vi,vj) = max[ly (vi),Ia(v;)] Ty (viv;) < min[T (v), Tiy (v))]
Fg(vivj) = max[Fy(vi), Fa(vj)] V (vi,vj) € E I (vivy) > max[Ig, (v), I (v))]
Definition 2.11 ((Broumi et al 2016 b)). The complement of Igu vi,vj) = max[lflx)u (vi )>I£U )]
a strong single valued neutrosophic graph G on G* is strong Fi(viyv)) > max[FL (vi), FX (v))]
single Valued neutrosophic graph G on G* where FéJU(Viv v;) > maX[FfU(Vi),FfU(Vj)]
1. V=V
N N N
2. Ty (vi) = Ta (vi):Ta (vi) = Ia (vi) , Fa (vi) = Fx (v;) T (vivy) = max[Tg (vi), Ty (v))]
Tau(vivj) > max[TL (vi), Tay (v))]
3. Tg(vi,vj) =min [Ty (vi), Ta (vj)] — T (vi,v;) 1 vy < minfi, (v), 1% (v)]
IB(VLVJ) max [I4 (vi),1, (vj)]—l (vi,vj) ﬁL by = . '}‘VL 1o ';‘VU J
and Fg (vi,v;) = max [Fy (vl),FA( I —Fg (vi,v;) Y (vi,v)) € Igy(vi,vj) < min[lg (vi), Ly (v))]
E Fgr(viyv;) < minlEgy (vi), Fay (v))]
Definition 2.12 ((Broumi et al 2016 b)). A single valued neu- Fgy(viyvy) < min[Fgy (vi), By (v))]

trosophic graph G = (A, B) is a single valued called complete,
if

T (vi,vj) = min (T (vi),Ta (v}))

Ig (vi,vj) = max (In (vi) 14 (v))

and Fg (vi,v;) = max (Fy (v;),Fa (v;)) Yviv; €V

denote the degree of truth-membership, indeterminacy-
membership and falsity-membership of the edge (v;,v;) €
E respectively, where

0 < T (visvy) + 1 (viyvj) + Ff (vi,v)) <3
=3 < TR (viyvy) 15 (vi,vy) + B (viyvy) <OV (vi,v;
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= (V,E) the cartesian prod-

uct of two graphs where V.=V xVy and E = {(x,x3)(x,y2) / x €

Vi, x2y2 € Ex}U{(x1,2)(01,2) /2 € Vo, x1,y1 € E1} then the
cartesian product Ggp = Gp, X Gp,

Bipolar interval valued neutrosophic graph defined by

Sorall (x,xy) € V.
2.

(TBILXTBzL x,%2)(x,¥2))

(TBIU x Ty

)«
)«
(o th)
)«
)«

([BlU * Iy ) ((6.02)(x,72))
(FBIL X Fiop ) ((6,22) (x,2))

(Fhu * Fi ) ((xx2)(x.32)

Vx € Vi,Vxoy, € E.

(TN x Tz ) (2 (x,32)

(Thy * Ty ) (v22)(32))

((x,x2) (x,32))

x,x2)(x,2))

min (TAP1 (x), TAZL xz))
min (T (x), TAZU( 2))

v

IEIL(X) ]AZL XZ))
I (), Iy (x2))
FA LX), FAzL(x2)>

1
max FfﬁU(x) FAzU(xg))

=]

ax TAI\]JL(X TAZL XQ))
)

max TIL{YU(x) TAZU(xZ )

(
(
max (
(
(
(

8

in IQ’] (x), IAzL(xz))

(

in (IAVIU(x IAZU(xZ))
(
(

2

=

),
i F/ﬁ (x), FAzL(XZ))
N

WU (x), FA2U<X2))

in(F,

2

min (TAlL TBzL xzyz

n1(7g (x), 7b2U(x2yz))

3

=

ax (TA]L T xzyz))

=

ax (T4 y (), Taly xzyz))

=4

in (1Y (), 13,1 xz)’z))

=3

8

in FA1 FBzL x2y2)>
min FAIU

(1

in (IAIU IBZU )Czyz))
(
(

Fpy xzyz))

= (A| XA2B| X By) is an

633

3.

(TBIL X Thr,
(Thy * Thy
<IBIL X IBo
(IBIU I,y
(FB] LXFLL

(FBIU x Fy

(TB,L X Tinr,
(Thu * Thiy
( B, ¥ 132
(B0 < o
<FBIL X FBoL

(Fhy < Fly) (1. (01:2))

) X152
) x1,2
) (o
) (o
) X152
) X152

> X152
) X1,2
) (o
) (o
) X1,2

)

)

)

)

)

)

)

)

)

VZ € V5, Vx1y1 € E).

Example 3.3. Let Gp, =
graphs where V;

{2}

={w,x} V=

)(1,2)

)(1,2)

)1,2)

)(1,2)

)(1,2)

)(1,2)

)(1,2)

)(1,2))

)1,2)

)(1,2)

)(1,2)

= min

Il
=5
—~

I
=

Il
=4

TN TN N N

= max

Il
=4

I
.

I
2

Il
=4

= max

/N

TB,L x1y1) TAzL
in (T8 (31), To (2))
ax IBIL x1y1) IAzL

If y(xivn), IAZU(Z)>
Fé)]L(xl)’l)aFAzL(ZD

Fhy(am), Fly (@)

ax

ax

= m1n<TB]L x1y1 TAZL

in <TB,U x1y1) TAQU(Z))

ax (Ig, 1 (x1y1) IAZL

L), iy Z))

(s

ax (IBIU (x1y1) IAZU Z)>
(73!
(

= max FBIU x1y1) FAZU(Z)>

(A1B1) and Gp, = (A2B) be two
{_)@Z} E; = {W,X} al’ldEz =

Consider two Bipolar interval valued neutrosophic graphs.

<w[0.5,0.7][0.2,0.3][0.2,0.4] >
{ < x[0.6,0.7][0.2,0.4][0.1,0.3] > }

L
{
=
(<

{ < wx[0,4,0.6][0.2,0.4][0.2,0.4] > }

[
{ <y[0.4,0.6]
]

(

<wx

y[~0.4,-0.2][-0.4,—0.1]]
<z[~0.3,-0.1][~0.2,-0.1]

< yz

~0.3,-0.2][-0.5,—0.4]

]
[
2[0.4,0.7]]0.2,0.4][0.1,0.3] >

0.2,0.3][0.1,0.3] > }

v2[0.3,0.6][0.2,0.4][0.2,0.5] > }

~0.3,-0.2][~0.5,—0.4] [0.3,—0.1]
04 ~0.2][-0.3,-0.2] [-0.2, 01]>

~0.2,-0.1] >
~0.3,-0.1] >

~0.3,-0.1][~0.4,—0.1][-0.3,-0.1] >

"}
~0.3,-0.1] >}
|
|
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wP[0.5,0.7][0.2,0.3][0.2,0.4]

wh[-0.3,-0.2] [-0.5,-0.4] [-0.3,-0.1]

x7[0.6,0.7][0.2,0.4][0.1,0.3]

xV[-0.4,-0.2][-0.3,-0.2] [-0.2,-0.1]

<wx” [0,4,0.6][0.2,0.4][0.2,0.4] >

<wa¥ [-0.3,-0.2] [-0.5,-0.4] [-0.3,-0.1] >

Figure 1. Bipolar interval valued neutrosophic graphs

¥°10.4,0.6][0.2,0.3]0.1,0.3]

y¥[-0.4,-0.2][-0.4,-0.1] [-0.2,-0.1]

2°[0.4,0.1][0.2,0.4][0.1,0.3]

2V[-0.3,-0.1] [-0.2,-0.1] [-0.3,-0.1]

<yz" [0,3,0.6][0.2,0.4][0.2,0.5] >

<y2¥ [-0.3,-0.1] [-0.4,-0.1] [-0.3,-0.1] >

Figure 2. Bipolar interval valued neutrosophic graphs

Proposition 3.4. The cartesian product Gg, X Gp, =

(A] X

Aj,B X By) of two Bipolar interval valued neutrosophic
graphs of the graphs G}, | and ng is an interval valued neu-

trosophic graph of G, x Gp, .

Proof. LetE ={(x,x2)(x,y2) /x €V, xy2 € B2 }U{(x,2)(»,2) /

z€Va,xiy1 € Er}
Let (x,x2)(x,y2) CE

in ( TBZL()Q)’Z)
< min (TAIL X), min (TAZL(X2)7TA};L(YZ)))
= min (min (7, . (x), T, (x2)) ,min (T} . (x), T (v2)))

= min ((TAIL B TAQL) (x,x2), (TAPIL X TA’;L) (x,y2))
(TéDlU x TBQU) x,%2)(x,32))

(x), TBzU x2y2))

(x), min (TAZU(xz)aTAI;U(yZ)))
= min (min (T y (x), T4y (2)) ,min (744 (%), T (v2)))
= min ((TAPIU X TAzU) (x,x2), (TAPIU X T/{;U) (x,y2))

(IglL X IBZL) (6, x2) (x,32))

= max (IAIL( )ngL(xz)’Z))

> max (I3, (x), max (Iy,; (x2), I, (32)))

= min (T} ;(x)

< min (TAPU
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= max (max (I3, (x), I3, (2)) ,max (I} . (x), I5,..(v2)))

= max ((Ifx)lL X [:X)ZL) (x,x2), <1§1L X I/}X)ZL) (x,yz))
(Iglu x Igzu) ((x,x2)(x,y2))
= max (Ifll)lU( ) Igzu(x2)’2))
,max (IAZU (x2), 1:;2(/ (2)))
[AZU(XQ)) ,max (Iflu(x%[fzu(ﬂ)))
=max ((I§,y x Lt,y) (x,%2), (I v X L) (%,32))
(FlflL X FBZL) ((x,x2) (x,2))

(Ff, (x2y2))
> max (F (FAzL(xz FAzL yz)))
(m (FAIL FAZL(XZ)) ,max (FAIL(x)vaQL(y2)))

= max ((FAIL X FAQL) X,X2), (FflL X F[;L) (x,32))
(inu X FBQU) ((x, x2)(x y2))
F/CU( ) xzy )
F/CU(x),max (FAzU(XZ)aF/CU(yz)))
max (FfﬁU(x)vF/{;U(XZ)) ,max (FfﬁU(x)vFAiU(yz)))
(Fiu x Eiu) (xx2), (Fiy < Fiy) (%,72))
(Té\llL X TlgL) (2, 22) (x,32))
= max (TAL(x), Té\;L(xzyz))
> max (TAAIIL(x),max (T};L(xg), TgL(yg)))

> max IAlU

(
= max (max (I{ ; (x)
(

= max FB2
,max

— max
— max

> max

— max

o~ o~~~

= max
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= max (max (TAA:L( ), TA]ZL(W)) ,max (TAA]]L(x)ﬂ TA]\;L()}Z)))
=max (T3, x Taop) (6,x2), (T4 X Tihp) (x,72))

(Té\fu X TBZU) ((x,x2)(x,32))

( TBZU Xzyz))

> max (T ,max (TAZU(xZ) TAZU(yZ)))

(m (TAIU TAZU(xZ)) max (TAIU(X)7 T/{\;UOQ)))
(

=max (T y x Tiy) (6x2), (T X Ty) (x,y2))

= max

= max

(IBlL X IBzL) (2, x2) (x,32)

)
)

= min (IAIL 132L (x2y2)

< min (IA L(x mm(AzL(Xz) A2L )))

= min (min (IAIL IAZL(XZ)) min (IAlL( x), IAZL(yZ)))
(

= min (IAleIAzL) (x,x2), (IAleIAzL) (x,2))

(IBIU XIBzU) ((x,x2) (x,2))

= mm( (x), IBZU(XZ)’Z )
< min (I (x), min (IAZU(xz IAZU yz)))
= min (min (I3, ; (x), I,y (x2)) , min (I3, (x), 23,0 (32)))

= min ((IAIU X IAZU) (x,x2), (IA1U Xlﬁlzu) (xvyZ))
(FBIL X FBZL) ((x,x2)(x,y2))
= min (FAIL( FBzL x2y2))

< min (Fy); (x),min (Fg; (x2), F{p (v2)))

= min (min (F/flfL(x%FAA;L(xz)) ,min (FIL{\{L(x),F/f;L(yz)))
= min ((Ff{\;L X FffgL) (x,x2), (F,L{\:L X Fff;L) (x,y2))

(Fé\ju X Fé\;U) ((x,x2)(x,y2))

= min (FﬂU(x),FégU(xgyz))

< min (Ff{\;U(x),max (F,A{\;U(xz),F/ﬁU(yz)))

= min (min (F/fiy(x),F/f;U(xz)) ,min (FﬁU(x),F/f;U(yz)))
= min ((F/i\]]U X FAA;U) (x,x2), (F}{U X F,ﬁu) (x,yz))

for (x1,2)(y1,2) €

(TIQL X T£L) ((x1 2)(¥1,2))

= min (T;L(x A’; )

< min (mi“ (T (x1), TAIL(y )) TAPZL(Z))

= min (m (TAIL( ), TAZL( )) ,min (TAIL(yl) TAZL(Z)>>

:min((TAlL ><TA2L) X1,2), (TAI,_ X TAZL) y1,2))

(TBIU XTBZU) x1,2)(1,2))

= min (TB1 (x1y TA2U (z)

( AU (x1) TA]U(yl)) TAZU( ))

TAZU )) mln(TAlU 1), TAQU( )))
), (

= min (TAIUXTAzU) X1, Zv TAIUXTA2U> Y1z ))

< min

(min
= min (min (7] ;; (x)
(
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(IglL X IgzL) ((x1,2)(y1,2)) = max (IglL(xlyl)aIf:zL(Z))

2 max (max (I£|L(x1)a1£1L(yl)) aI/I;ZL(Z))

= max (max (I£|L(x)a1£2L(Z)) ,max (szlL(yl )alsz(Z)))

= max ((I,f.L X IgzL) (x1,2), (IflL X I/IXJZL) 1 ,Z))

(IglU XlgzU) ((x1,2)(y1,2)) = max (IglU(xlyl),Ifo(z))
2 max (max (I£|U(xl)7I/§]U(yl)) ,I/I;ZU(Z))

= max (max (I,§|U(x)’1/}\)2U(Z)) ,max (I/f]U(yl )aI/IXJ2U(Z)))
= max ((Ifl;.u X I/fo) (x1,2), (I/§|U X I/fo) ()’172))

(FfyL % Fiy) ((e1,2) (91,2)) = max (Fj,  (xiyn), B (2))
> max (max (F/QL(xl),F/ﬁL(yl)) ,Fsz(z))

= max (max (FAIL( )s FA2L( )) max (FAIL( 1), F/{;L(Z)))
—max((FAleFAzL) (x1,2), (FAleFAZ ) (1,2))

(FBIU XFBZU) ((x1,2)(y1,2)) = max (FslU(xl)’l) FAZU( ))
> max (max (FfﬁU(xl)aFAlU()’l)) FAZU( 2))

= max (max (Ffﬁu(x)vaQU(Z)) ,max (EﬁU(Yl)aF/zU(Z)))
=max ((F{ y x F{y) (x1,2), (F{ v x Fp) (01,2))

(T3 x Tiop) ((x1,2)(01,2)) = max (T, (x131), T .. (2))
> max (max (T3 (x1), T2, (01)) T, (2)

= max (max (TﬁL(x), Tf{\;L(Z)) ,max (Tf{\iL(yl)v T,L{ZL(Z)))
=max (T4, x Tay) (x1,2), (T, X Tanp) (61,2))

(T3 * Taoy) ((x1,2) (y1,2)) = max (T3 (x131), Taoy (2)
7TANU(y1)) 7TAA§U(Z))

= max (max (Tﬁu(x ,T/f; (Z)) ,max (TAU(yl),TAA;U(z)))
= max ((TAA./U x TAAZIU) (x1,2), (TAlU x TAZU) (y1:2))

(IBlL XIBzL) ((x1,2)(y1,2)) = min (IBlL(xlyl) IAZL( ))

< min (mm (IAIL(XI) AlL(yl)) A2L( ))

IAZL )) mm(lAlL 1) IAZL( )))
=min (), x I},) (x1,2), (T4 L X I1) (91,2))

(Iglu ><I§/2U) ((x1,2)(y1,2)) = min (IB u(x1y), IAZU(Z))
Smin(min([AlU(xl) IAIU(y ). IAZU 2))

= min (min (IA]U( ), IA\;U( ),
fmm((IAlU ><IA2U) X1, z
(FBIL X FBZL) ((x1,2)(y1,2))

> max (max (T ; (x1)
)

1
U
= min (mln (IAIL

min (IA1 1), AZU( )))

(v
(I < L) (0:2))
= min (FBIL(xlyl)aFA2L< ))

< min (min (F‘é\iL(xl)aFAlL(y ) FAZL 2))
= min (min (£, (x), FA2L<> min (£, (), FA.(2)))
_mm((FAlLXFAZL) X1,2 (FAlLXFAz ) 61,2))

(FBIU XFBZU) ((x1,2)(y1,2)) = min (FBIU(x]yl) FAZU( ))
< min (min (Fyy (x1), Fp (1)) FAzU (2)

(FAIU 1), FAZU( )))
FAlU XFAzU) Y1, Z))

0gl0
S0,

S22z

c‘h: ( ]

— min (mm (FAIU FAZU ))
(

=min ((Fyly X Fpvy) (x1,2),
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Hence the proof. O

Example 3.5. Let G; = (A,B) and G5 = (A3, B,) be two
graphs, where V| = {wx}, Vo = {yz} E; = {wx} and E, =
{yz}. Consider the two Bipolar interval valued neutrosophic
graphs.

< w[0.5,0.2]]0.2,0.3]0.2,0.4] >,
< x[0.6,0.4][0.5,0.4][0.3,0.1] >
<[-0.3,-0.2][~0.5,—0.4] [-0.3,—0.1] >,
<[~0.4,-0.2][0.3,0.2][0.2,0.1] >

A=

< w[0.5,0.2][0.2,0.3][0.2,0.4] >
< [-0.3,-0.2] [-0.5,-0.4] [-0.3,-0.1] >

B — < wx[0.5,0.2][0.2,0.4][0.2,0.4] >
’_{ < [-0.3,-0.2][-0.5,—0.4] [-0.3,—0.1] > }
<y[0.4,0.3][0.2,0.3] [0.1,0.3] >,
<2[0.4,0.2][0.2,0.4][0.1,0.3] >
< [-0.4,—-0.3][-0.4,—0.1][-0.2,—0.1] >,
<[-0.3,-0.1][-0.2,-0.1] [-0.3,—0.1] >
B < y2[0.4,0.2][0.2,0.4][0.1,0.3] >
2_{ < [-0.3,-0.1][-0.4,—0.1][-0.3,—0.1] > }

< x[0.6,0.4][0.5,0.4][0.3,0.1] >
< [-0.4,-0.2][0.3,0.2] [0.2,0.1] >

< wx[0.5,0.2]0.2,0.4][0.2,0.4] >
< [-0.3,-0.2] [-0.5,-0.4] [-0.3,0.1] >

Figure 3. Bipolar interval valued neutrosophic graph G,

< 7[0.4,0.3[0.2,0.3]0.1,0.3) >
< [-0.4,-0.3][-0.4,-0.1] [-0.2,-0.1] >

< 200.4,0.2][0.2,0.4][0.1,0.3] >
< [-0.3,-0.1][-0.2,-0.1] [-0.3,-0.1] >

< y2[0.4,0.2)[0.2,0.4] [0.1,0.3] >
< [0.3,-0.1) [-0.4,-0.1) [-0.3,-0.1] >

Figure 4. Bipolar interval valued neutrosophic graph G,

< wy,[0.4,0.2][0.2,0.3][0.2,0.4]

< xy,[0.4,0.2][0.2,0.3][0.1,0.3]

[-0.3,-0.2][-0.5,-0.4][-0.3,~0.1] < (y, xy)[0.4,0.2][0.2,0.3][0.2,0.4] [~0.4,-0.2][~0.4,~0.2][~0.2,~0.1]
[~0.3,-0.2][~0.5,~0.4][~0.3,~0.1]

< (wz,xz),[0.4,0.2][0.2,0.4][0.2,0.4]

< wz,[0.4,0.2]0.2,0.4][0.2,0.4]
[-0.3,-0.1][-0.5,-0.4][0.3,-0.1]

[~0.3,-0.1][~0.5,—0.4][0.3,—0.1]

< x2,]0.4,0.2][0.2,0.4][0.1,0.3]
[0.3,—0.1][0.3,—0.2][-0.3,—0.1]

Figure 5. Cartesian product of Bipolar interval valued neutrosophic graph
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Definition 3.6. The union G{ UG, = (A] UA,, B UBQ) of
two Bipolar interval valued neutrosophic graphs of the graphs

Gg, and Gy, an Bipolar interval valued neutrosophic graph
of G, UGp, .

(x)ifxeVyandx €V,
(x)ifx¢Vyandx €V,

TP UTE,) (x) = max (TF,(x), ) (x)) ifx € VinVa
U YifxeViandx €V,
LX) ifxgViandx eV,
ax (Tj y (x), Ty (x) ifx € Viny;

(x
(x
(

3. IflLUIf;zL) (%) :If ( )1fx€V1 andx €V

)1fx€V1 andx ¢V,

( ifxgViandx eV,

:m' n(Ff(x),F{ L (x) ifxeviny,
Pux)ifxeVyandx € Vs
ul

( YifxeViandx €V,
( Yifx¢Viandx €V,
:m'n(TANIL( ), T (%)) if x€ViNVy
) (x) \w(x)ifx€Vyandx ¢V,
ToyUThy) (x):Tf(V (x)ifx € Vy and x € V,
) ( ) in (T3 y (%), Tiyy (%) ifx€Vinya
x)1fx€V1 and x €V,
[ (x)ifxg€Viandx eV,
IAILUIAZL) X) = max (IAIL(x) IAZL(x)) ifxevVinV,

10. (I} y UIY i) (¥) = I y(x) if x € Vi and x € V3
IAVIU UI/QVZU) (x) :IQ’ (x)ifx¢V)andx € V;
Ly UIY p) (x) = max (I} (), I}, (%)) if x €ViNV,

= (x)ifxeViandx ¢V,
:F/{\;L x)ifxgViandx €V,
= max (FAIL( x), FAZL(x)) ifxeViny,
:FAIU(x) ifxeViandx gV,
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(FA,U UF,L(ZU) (%) = FA\;U(X) ifxgV)andx € V,

<FA1U UFA]ZU) (x) = max <F/(\{U(x),F£U(x)> ifxeViNnW,
13 (THLUTHL) () = T () if xy € Ey and xy & B>

<TB]L U T£L) (xy) = Té)zL(xy) ifxy €V, and xy € E,

(T LY Té)z,_) (xy) = max (T,fll‘(xy), T[fz,_(xy)) ifxye E{NE;
14.(Thy UThy ) () = Thy (w) if xy € Ey and xy ¢ B

(T;,U U T£U> (xy) = TBZU( y) if xy € V| and xy € E;

(TzflU U TI;;U) (xy) = max (TBIU( ) TI;;U(XY)) ifxyc E|NE;
15. <I LUIBZL) (xy) —IB]L( y) if xy € E; and xy € E»

<IBIL UIII;ZL) (xy) = I, (o) if xy € V1 and xy € E)

(1 BIL UIIIE)ZL) (xy) = min <I£1L(XY)7152L()C}’)) ifxye E\NE,
16. (IBIU UIBoU) (xy) =1If y(xy) if xy € Ey and xy & E»

<IBIU UI/;ZU) (xy) = I§2U(xy) ifxy €V andxy € E,

<IB|U UIgZU) (xy) = min (Igly(xy)ngU(xy)) ifxye EiNE,
17. <F£LUFBP2L) (xy) = FB,L( y) if xy € E| and xy & E,

<F1§1LUFBZL) (xy) = Fé’;L(xy) ifxy€ Vi and xy € E»

(FhLUFEL) () = min (Ffp (), Fp () ) i oy € By 0 E»
18. <FBIU UFBq ) (xy) = FéDIU(xy) if xy € E; and xy € E;

(FB,U UFBZU) (xy) = Fi,y (xy) if xy € Vi and xy € E;

<FB,U UFBI;U) (xy) = min (F;U(xy),ngU(xy)) ifxye E\NE,
19. <TB,LU TBZL) (xy) = Té\{L(xy) if xy € E; and xy € E,

(T AS Té\;L) (xy) = Té\;L(xy) ifxy €V and xy € E,

(ThLUThL) () = min (T3, (), T, (x9)) i 2 € BN E;
20. <Té\1’U UTé\ZIU) (xy) = Té\fu(xy) ifxy € E; and xy € E»

(Thy UThY ) () = Ty (x9) if xy & Vi and xy € E

<T£1?\1[U U Tég ) (xy) = min (TéYU(xy), TéZU(xy)) ifxyec E{NE;
21. (IB.L UIBZL) (xy) = Ig]L(xy) ifxy € Ey andxy & E»

(I B\ L UIQ’ZL) (xy) = IgzL(xy) ifxy €V and xy € E,

<IBIL UIg]zL) (xy) = max (III;L(xy),Ig]zL(xy» ifxye E{NE,
22. <IBIU UIBZU) (xy) = I,y (xy) if xy € Ey and xy & E»

(B0 Uiy ) () = B (x9) if xy & Vi and xy €

<IB1U UIQ’ZU) (xy) = max (Ig]U(xy),IgU(xy)) ifxye E{NE,
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By Uy ) () = Fily () if xy & Vi and xy € By

23. (FBILUFBZL) FB p(xy) ifxy € Ey and xy € E;

(FB LUFBZL) FBzL xy) ifxy ¢ Vi and xy € E;

(FB LUFB7L) = max (FB L (xy), FBZL(xy)> ifxy e E{NE,
24. ( IUUFB U) y) = FB y(xy)ifxy € E; andxy & E»

(r

(i

Proposition 3.7. Let Gp, and Gp, are two Bipolar interval
valued neutrosophic graphs, then Gg, UGg, is also an Bipolar
interval valued neutrosophic graph.

Proof. Let xy € E1 N E; and verifying conditions for B; and
B>

(TISL U T£L) (xy) = max (TISL(X)’)7 T£L(XY))

< max (min (TAPIL(x)a TAP1L<y>) min (TAPZL(X) TA];L(y)))
= min (max (TAPIL(x)a TAP2L<X)) max (TAIL(y) TA};L(Y)))
=min ((T{ LUT{,) (x), (T LUTL L) (3)

(Tziu U Tl;;U) (xy) = max (Tziu (xy), TBZU (xy))

< max (min (TAplU (%), TAPIU(y)) min (TA};U (x), TA};U ()’)))
= min (max (TAPIU(X)7TAPZU( )) max (TAI ), TAPZU()’)))
= min ((TAPIU U TA’;U) (%), (TAIU U TAZU) ()
(Té\fLUTé\;L) (xy) = min (TBIL xy), TBZL (xy))

> min (max (TA]L( )s TAlL( )) max (TAZL(X) TAZL( )))
= max (min (T[{YL(x), T/{ZL(x)) min (TAIL(y) TAzL( )))
= max ((TAA]/L U TAIZL) (%), (TA|L U TAZL) )

(T v UTgyy) (xy) = min (T3, (xy), Ty (xy))

> min (max (T3 (x), Ty (v)) ,max (T (), Ty (v)))
= max (min (TA]\],U(X)7 TAzU( )) ,min (TAA:U(y)v TA]\;U()’)))
=max ((Tyy UTxy) (1), (T g U T ) ()

(IglL U1g2L> (xy) = min (Il}i’)lL(xy)vlgzL(x))))
> min (max (IEIL(X)JZL()’)) ,max (IEZL(X)JI@L()’)))
= max (min (IEIL(X)JI@L(X)) ,min (Ifll_()’)alfx)zl_()’)))
= max ((IXIL UI/QL) (%), (IZL UIXZL) )
(Iglu Ulgzu) (xy) = min (111;1U(xy)711;2u (xy))

> min (max (Ile(x)vlflU(y)) ,max (IXQU(x)aI:;zU(y)))
= max (min (IEIU(X)JXZU( )) min (IP u()s Ifx)zU()’)))
= max ((IP AU Ulf};z[/) (%), (1 AU UIAZU) )
(IB IBgL) (xy) = max (IBIL xy) IBQL xy))

o URNy ) () = max (Fity (), Fly () if 2y € 1O
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< max( i (I,{AVIL(X) IAVIL()’)) min (I,{AVZL(X) II{AVZL()’)))
(IjlvlL(x)’IAzL( )) max (IAl ), A2L(y)))
:min((IAlL IAZL)( x), (AIL AZL) )

(IBIU IBZU)( y) = max (IB 1w(xy), IB 2w (%))

:min(

< max (min (L];VIU(X) IAIU(Y)) min (IAZ (x), AzU(Y))>
= min (max (I} (x), [,y (x)) ,max (1 y (), L,u () )

:min((IAlu IAZU)( ), (IAlU AZU)
(FfflL U FBQL) (xy) =
> min (max (FAIL( )7FA1L( )) max (FAZL( x), Ff{;L(y)))
= max (min (FlﬁL(x),Ff{;L(x)) ,min (FAIL( ),FAzL(y)))
= max ((FIQLUFX;L) (x), (FfﬁLUF/QL) (y))
(szlu UinU) (xy) = min (Fgw(x)’)»Fé:zU xy))
> min (max (FfﬁU(xLF/ﬁU(y)) ,max (Ffo(x),Ffo(y)))
= max (min (FfﬁU(xLF[;U(x)) ,min (FflU(y) F[;U(y)))
= max ((F/{)]U UFfo) (), (F,L{).U UF/QU) (y ))
(FALUFI%L) (xy) = max (lez\:L(XY) Flli\;L( y))
< max (min (Ff{\jL(x),FAL(y)) min (FAzL(x) FAZL( )))
= min (max (Ff{\;L(x),FlzL(x)) max (FAIL(y) FAzL( )))
=min ((Ff{\:LUFf{\;L) (x), (FAlLUFAzL) »)
(Ftlz\{u U FBA;U) (xy) = max (FéY1U(XY)7Fé\,~/2U (xy
< max (min (Ff{\;U(x),Ff{\:U(y)) ,min (FIL{ZU(x)
= min (max (F/L{\;U(x%Ff{\;U(x)) ,max (F/f{U(
)

=min ((Fyly UFLy) (x), (FY y UFS ) (

)
y

min (FBIL xy) FBzL xy))

)

FA2U()’)))
Yoy ()
)

O

Example 3.8. Let G} =
graphs such that

Vi = {Vl,Vz,V37V47V5}, Vo, = {vl,V2,V3,V4},
Ey = {viv2,v2v3,Vv3v4,v4v5,vs5v) } and

Ey = {v1v2,V1v4,V2V4,V2V3,V3V4 }

(V1,E1) and G5 = (Va,E;) be two

Consider two Bipolar interval valued neutrosophic graphs
G = (A]Bl) and G, = (Asz)
V1V, =(0.4,0.2)(0.2,0.3)(0.2,0.4)

VoV =(0.4,0.2)(0.2,0.4)(0.1,0.3)
(—0.3,—0.2)(—0.5,—0.4)(—0.3,—-0.1)
(—0.4,—0.2)(—0.4,—0.1)(—0.2,-0.1)

V3V4 =(0.5,0.1)(0.4,0.4)(0.3,0.3)

VaVs =(0.2,0.1)(0.4,0.3)(0.3,0.1)
(=0.4,—0.2)(—0.4,—0.1)(—0.2,-0.1)
(=0.3,—0.1)(—0.2,—0.3)(—0.3,-0.1)

VsVi =(0.2,0.2)(0.4,0.3)(0.3,0.4)
(—0.3,—0.1)(—0.5,—0.4)(—0.3,—0.1)
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= (0.4,0.5)(0.2,0.3)(0.1,0.3) (0.5,0.2)(0.2,0.4)(0.1,0.3)
S(—0.4,—0.2)(—0.4,—0.1)(—0.2,—0.1) (—0.4,—0.2)(—0.4,—0.1)(—0.2,—0.1)
s T
+ w V. V3
s g -
S
o
= =+
=
S 1
SR
ss 1
N
o ™
" G
S w
f.?' V5 V4
—  (0.2,0.3)(0.4,0.3)(0.3,0.1) (0.5,0.1)(0.4,0.2)(0.3,0.1)
(—0.3,—0.1)(—0.2,—-0.3)(—0.3,—0.1) (—0.4,—0.3)(—0.2,—0.1)(—0.2,—0.1)
Figure 6. Bipolar interval valued neutrosophic graph G,
(0.3,0.1)(0.2,0.2)(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)(0.2,0.3)(0.1,0.2)  (-0.4,-0.1)(-0.3,-0.5)(-0.1,-0.2)
Vi o3 -0n-04-05-04-03 Vi
%)
\R &)
A7 g 0
o »
W09 Y MO G
o a® 96\7' o o O g9t
NN o3 (S e
©>" -0 ¢ o _ov
oDt oM s
03" e
K/
Vs (0.2,0.3)(0.1,0.3)(0.1,0.4) %4
(0.2,-0.1)(=0.3,-0.1)(-0.2,-0.1) ' (=0.2,-0.1)(0.1,-0.2)(~0.3,-0.2)

Figure 7. Bipolar interval valued neutrosophic graph G,

Vs Ey4 Vs

Vs

Figure 8. Bipolar interval valued neutrosophic graph G, U G,
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(0.3,0.1)(0.2,0.3)(0.2,0.4)
(0.3,0.1)(0.2,0.4)(0.3,0.5)

0.3,-0.2)(—0.5,—0.4)(—0.3,-0.2)

(=
(—0.2,—0.1)(—0.4,—0.1)(—0.2,~0.1)
(0.2,0.2)(0.2,0.4)(0.1,0.4)
(0.3,0.1)(0.4,0.3)(0.3,0.2)

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

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

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

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

~0.2,—0.1)(—0.5,—0.4)(—0.3,—-0.2)
~0.2,-0.1)(—0.5,—0.4)(—0.3,—0.2)

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

~0.3,-0.1)(—0.5,—0.4)(—0.3,-0.2)
~0.2,-0.1)(—0.4,—0.1)(—0.3,-0.2)

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

~0.3,-0.2)

~0.2,-0.1)(—0.4,—0.5)(—0.3,-0.2)

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

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

~0.3,-0.1)(—0.3,—0.5)(—0.3,—0.2)

Definition 3.9. Addition of G| + G, =
Bipolar interval valued neutrosophic graphs G and G».

Similarly for the edges

(T, + Ti,0) ()
(Téiu + ngv) (xy)

mm{TAlL x), TAzL(x)}
mm{TA1 (x), TA‘ZU( )}
o (0}
Lo (%)}
(x)

)

~

max {IflL(x

max {If;l X

—

max{Ffﬁ (x FAzL }

max{FfﬁU(x F[;U(x}
max {TAA:L(X)7 TAZZL(X)}
max{Tf{\l'U(x) T};U( )}
min {IAIL(X) IA2L< )}
x), IAZU( )}
mm{FAl ), FAZL( )}
mln{FAIU(x) F/{\;U(x)}

~

min {IA1

/\/\

X

min {TIQL(X), TziL(x)}
min {73 ; (x), Ty (x) }

(A1 +A2,B1 + B>)

( B,LT BZL) (xy) = max {IBIL(X) IBQL( x)}
( BUT BZU) (xy) = max{ v (%), BZU( x)}
(FBIL"_FBZL) (xy) = max {FBI (%), FBQL( x)}
(FBlu +FBZU) (xy) = max {FBIU(X) ngu( x)} ifxy € E.
(TBIL“'TIZL) (xy) = maX{Té\:L(x) TIQZIL(X)}
(TBIU"'T};ZU) (xy) = maX{Té\IIU(x) TBZU(X)}
(111;]1L+[1]¥2L) (xy) = min {IIIB\’]]L(X) [BZL x)}
(IBIU +1gzu) (xy) = min {11]3\’]1 (x), IBZU x)}
(FAL—FFQQ,_) (xy) = min{Fé\f (x), FBZ,_ x)}
(F,u +F13]\;U) (xy) = min{Fé\{U(x) FBZU( x)} ifxy€E

where E' is the set of all edges joining of Vi and V, is E' and
vinv, = ¢.

Proposition 3.10. G| = (A;B1) and G, = (A3B,) be two
Bipolar interval valued neutrosophic graphs, then the sum
also the Bipolar interval valued neutrosophic graph. We can
prove this by an example.

Example 3.11. V] = {Vl VQ}, Vz =

= {v3,va}

{v3wa}, Ey ={vi w2}, E»

Vv, (0.3,0.1)(0.2,0.2) (0.1,0.2)

(—0.3,—0.2) (—0.3,—0.1) (—0. 3, —0.2)

E, (0.3,0.1)(0.2,0.5) (0.4,0.5)
(—0.3,—0.2) (—0.3, —0.1) (—0.2,—0.2)

(0.3,0.1)(0.2,0.4) (0.3,0.5)
Va (—0.2,—0.1) (—0.3, —0.1) (—0.2,—0.1)

Va (0.3,0.3) (0.2,0.3) (0.1,0.2)
(—0.4,—-0.1) (—0.3,—0.5) (—0.1,—0.2)

E, (0.2,0.3) (0.2,0.3) (0.1,0.4)
(—0.2,—0.1) (—0.3,—0.5) (—0.4, —0.2)

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

Vs (—0.2,—0.1) (—0.1,—0.2) (—0.3,—0.2)

Figure 9. Bipolar interval valued neutrosophic graphs of
G and G,
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(0.3,0.1) (0.2,0.3) (0.1,0.2)

(0.3,0.1) (0.2,0.2) (0.1,0.2)
{~0.3,-0.2) (-0.3,-0.1) (-0.3,-0.2)
v

(-0.3,-0.1) (—0.4,-0.5) (-0.4,-0.3)

(0.3,0.3)(0.2,0.3) (0.1,0.2)
(~0.4,-0.1) (=0.3,-0.5) (-0.1,-0.2)

(0.3,0.1) (0.2,0.5) (0.4,0.5)
(~0.3,-0.2) (-0.3,-0.1) (~0.2,-0.2)

(0.2,0.3) (0.2,0.3) (0.1,0.4)
L0200 (-0.3,-0.5) (-0.4-0.2)

1
o1,
0 o
N
[ 5
\,QI- Vs

(0.3,0.1)(0.2,0.4) (0.3,0.5)
(=0.2,-0.1) (~0.3,-0.1) (-0.2,-0.1)

(0.2,0.3) (0.1,0.3) (0.1,0.4)
(-0.2,-0.1) (~0.1,-0.2) (-0.2,-0.1)

(0.2,0.3)(0.1,0.3) (0.1,0.4)
(=0.2,-0.1) (~0.1,-0.2) (-0.3,-0.2)

Figure 10. Bipolar interval valued neutrosophic graphs of G| + G,

4. Conclusion

In this paper, we introduced some addition operations, carte-
sian product, union, examples and propositions. In future we
plan to introduce other operations like intersection of Bipolar
interval valued neutrosophic graphs.
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