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Abstract: In this study we have made an attempt by introducing the notion of bipolar anti intuitionistic fuzzy graph
and bipolar interval valued anti intuitionistic fuzzy graph. Some basic concepts such as composition, Cartesian product,
union on bipolar anti intuitionistic fuzzy graph and bipolar interval valued anti intuitionistic fuzzy graph has been
discussed.
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1. INTRODUCTION

Fuzzy set was introduced by Lofti Asker Zadeh in 1965. A Kaufmann’s initial definition of fuzzy
graphs[5] was based on Zadeh’s fuzzy relations[11]. Attanassov [2] extended the idea of a fuzzy
set and introduced the concept of an intuitionistic fuzzy set. Attanassov[3] also introduced the

concept of intuitionistic fuzzy graphs and intuitionistic fuzzy relations. Shannon and Attanassov
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[10] investigated the properties of intuitionistic fuzzy relations and intuitionistic fuzzy
graphs. Parvathi[7] also defined operations of intuitionistic fuzzy graphs. Mohammed Jabarulla
[6] has explained the concept of anti-intuitionistic fuzzy graph. Zhang [12,13] introduced the
concept of bipolar fuzzy set. Sunil Mathew [9] has discussed in detail about bipolar fuzzy graph
and interval valued fuzzy graph. Asad Alnaser[1] has explained the notions of intuitionistic
bipolar fuzzy graph and it’s matrices. Sonia Mandal has explained the concept of product of bipolar
anti intuitionistic fuzzy graph [8]. Using these notions we have tried to introduce the concept of

bipolar anti intuitionistic fuzzy graph and bipolar interval valued anti intuitionistic fuzzy graph.

2. PRELIMINARIES
Definition 2.1 [4]:
An intuitionistic fuzzy graph is of the form ¢ =< V,E > where
(1) V ={vl,v2,...,vn} such that n;:V = [0,1]and {;:V = [0,1] denote the degree of
membership and non-membership of the element v; EV, respectively, and 0 < ny (vi) +
¢ (vi) < 1 forevery vi€V,(i = 1,2,.......n),
(i) E € VXV wheren,: VXV —[0,1] and {,:V XV - [0,1] are such that

n2(vi,vj) < min[n(vi),n(vj)] and & (vi,vj) < max [{3(vi), {1 (v)) ]
and 0 <n, (vi,vj) + {, (vi,vj) < 1 forevery (vi,vj)€E,(i,j = 1,2,.......n)
Definition 2.2 [6]:
An anti-intuitionistic fuzzy graph is of the form ¢ =< V,E > where
(1) V={vl,v2,...,vn} such that p;:V - [0,1]and y4:V — [0,1] denote the degree of
membership and non-membership of the element v; EV, respectively, and 0 < py (vi) +
y1 (i) < 1 forevery vi€V,(i = 1,2,.......1n),
(i) E € VXV whereu,: VXV - [0,1] and y,:V XV - [0,1] are such that

Hz(vi,vj) = max [ (v), i (vj)] and y, (vi,vj) = min [y, (vi),y1(v)) ]
and 0 < pu, (vi,vj) + vy, (vi,vj) < 1 forevery (vi,vj)€E,(i,j = 1,2,......n)
Definition 2.3[8]
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Let X be a non-empty set. A bipolar fuzzy set Bin X is a set of triples B = {x,n5(x), 1% (x))
/x € X}, where nf: X —[0,1]andn§ : X — [-1,0].

We often write B = (n£,n%) for the bipolar fuzzy set B = {(x,n5(x),n5 (x))\x € X}. We also
use the notation B = {x,m*(x),m~®\x € X} or B = m™*,m™ for a bipolar fuzzy set.
Definition 2.4 [§]

LetA = (m§,m;) and B = (mJ},m3) be bipolar fuzzy sets in X. We define the bipolar fuzzy

sets A N B and A U B as follows: forall x € X,
(AnB) = (nf(x) Ang(x), ) (x) v ng (x)).

(AU B) = (ni(x) v nf (), m () Ang ().
Definition 2.5 [8]

A bipolar fuzzy graph with an underlying set V is defined to be a pair G = (4,B),
where A = (n},n}) is a bipolar fuzzy setin V and B = (n§,nY) is a bipolar fuzzy set in E such
that

Mp)(xy) < () Ana(y) and () (xy) =) () Vi () forallxy € E, n°(xy) =
n¥(xy) =0 forallxy € e\E.

3. MAIN RESULTS
3.1 BIPOLAR ANTI INTUITIONISTIC FUZZY GRAPH
Definition 3.1.1
A bipolar anti intuitionistic fuzzy graph (BAIFG) with an underlying set V is defined to be
a pairtG = (4,B), where A = (n4,nY,{5,{Y) is a bipolar anti intuitionistic fuzzy set in V
and B = (nE,n¥, ¢k, %) is a bipolar anti intuitionistic fuzzy set in E such that
M5 (xy) 2 i) vV (y), (G Cy) 2 () AE(y) and,

3)xy) < nf ) A ), ) (xy) < G () VY (y) forallxy € E
Example 3.1.2

Consider the BAIFG G whereV = {a,b,c} ,E = {ab, bc,ac} such that
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b C

Figure 1: Bipolar anti intuitionistic fuzzy graph (BAIFG)

a b c ab bc ac
ny |04 0.5 0.6 nt |06 0.7 0.7
m |03 04 05 |05 0.5 0.5
i |05 0.3 0.1 & |04 0.2 0.1
1|04 0.3 |03 N |04 04 |03
Table 1: Bipolar anti intuitionistic fuzzy setsin V and E of G
Definition 3.1.3

A bipolar anti intuitionistic fuzzy graph (BAIFG) is said to be strong- bipolar anti intuitionistic
fuzzy graph if
) (xy) =3 VL), () Cy) = H() ATE(y) and,

) (xy) = ny ) vy (), () (xy) = LX) ALY (y) forallxy € E
Definition 3.1.4

A bipolar anti intuitionistic fuzzy graph is said to be complete- bipolar anti intuitionistic fuzzy
graphif () Cey) =z Vna(y), (CE)(ey) =ZC)AE(Y) and

M) (xy) =i ) v ), () xy) =X () A (y) forallx,y € V
Definition 3.1.5

The degree of a vertex in a bipolar anti intuitionistic fuzzy graph is defined to be

d(x) = (df (o), dy (x), dE (x), dE (x)) where
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ahe) = ) PG, dY@ = ) "),

Py Py
aE() = ) Gy, df @) = ) Vaw)
xXzy Py
Definition 3.1.6
Let A; = (nh, 1Y, ¢51, 78 and A, = (nh,,nh,, ¢85, C4,) be bipolar anti intuitionistic
fuzzy subsets of V; and V, and By = (g1, 151, g1, (F1)and By = (M2, M52, k2, (F2) be bipolar
anti intuitionistic fuzzy subsets of E; and E, respectively. Then we denote the Cartesian product
of two bipolar anti intuitionistic fuzzy graphs G, and G, of the graphs G; and G; by G; X
G,-(A; X A;,B; X By) and defined by
(i) (a1 X Maz) (e, X2) = 13 (o) V 1 (x2)
(i X mi2) (x4, x2) = 1 () Amf, (x2)
(Thr X $a2) Cer, x2) = 4y (1) A fp (x2)
(4 X 0o (xp, x2) = Qi () v T (ep)forall (xy,x,) € V x V.
(ii) (1 X M52) (06, x2) (6, ¥2)) = 131 () V 152 (x22)
(MB1 X N52) ((x, 22) (%, ¥2)) = 01 (x) Ang, (x22)
(Th1 X 52 ((x, x2) (%, ¥2)) = 41 (%) A Tfp (2y)
(TB1 X B2 ((, 22) (3, ¥2)) = {41 (%) V {F5 (x272)
forall x € V;, forall x,y, € Ej.
(i) (Mh1 X n52) ((x1,2) 1, 2)) = N1 (X191) V N2 (2)
(MB1xM52) ((r1, 2) (1, 2)) = M1 (X1 y1) A (2)
(G X $2) (%1, 2) (¥1,2)) = {42 (2) A Gy (x1y1)

(481 X 882)((x1,2) 1, 2)) = 04r(2) V 3Fy (x11)
forall z € V,, forall x;y, € E;.

Example 3.1.7: Let G; and G, be BAIFG where V; ={a,b} , E; ={ab} and V, =

{c,d} ,E, = {cd} respectively. Then we denote the Cartesian product of two BAIFG as follows
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(ac) (a,d)

a c
b ’ (b,c) (bd)
Gy G, G, X G,
Figure2. Cartesian product of two BAIFG
a b c d (a,c) (a,d) | (b,c) (b,d)
nh 0.4 0.5 0.6 0.3 0.6 0.4 0.6 0.5
ny |-03 04 |-05 |-05 [-05 |-05 |-05 |-0.5
A 0.5 0.3 0.1 0.5 0.1 0.5 0.1 0.3
n -0.4 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3
ab cd (a,c)(a,d) | (b,c)(b,d) | (a,c)(b,c) | (a,d)(b,d)
nh 0.6 0.7 0.7 0.7 0.6 0.6
ny -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
g 0.4 0.2 0.2 0.2 0.1 0.4
e -0.4 -0.3 -0.3 -0.3 -0.3 -0.3

Table 2: Bipolar anti intuitionistic fuzzy setsin 'V and E of G; ,G,, G1X G,

Proposition 3.1.8

If G, and G, are bipolar anti intuitionistic fuzzy graphs, then G; X G, is a bipolar anti
intuitionistic fuzzy graph.
Proof:

Letx € V; and x,y, € E, Then

(g1 X ng)((x, x2)(x, 3’2)) = N1 (X) V npa (x2¥2)
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2V {041 (0), 042 (x2) V i (72)}
=V {7751(95) V 12 (xz)): N1 (¥) V1l (v2)}
= (M1 X Ma2) (6, %2) V (a1 X 042) (%, ¥2)-

(B X p2) (%, %2) (%, ¥2)) = M1 (%) ANz (xX2Y2)
<A {1 (), ()2 () Amia (v2)}
=A {1 () Al (x2), ma: () Al (32)}

= (M1 X niz2) (%, x2) A (2 X 1) (x, o).
(Sh1 % SE) (e, x2) (6, 72)) = Th1 () A Sha (x2y2)
2A{{41(%), $ar (x2) A G2 (72)3
=A {800 A SR (x2)), A1 () A S (02))
= (R X Tha) (6, x2) A (Ga1 X ) (%, 772)-
(81 X €B2) ((x, x2) (%, ¥2)) = {h1(2) V {Fo (x2¥2)
<V {34100, (G2 (x2) v T2 (v2))
=V {1 (0) v 5 (x2), Ch () Vv $4h (72)3
= (04 X 02 (6, x2) V (Ch X Th) (%, 2).
Let z € V,and x,y; € E; Thus
(MB1 X Np2) (21, 2) (Y1, 2) = N1 (X1Y1) V N4z (2)
>V {(nh1(x) V1l (y0), a2 (2)}
=V {41 (x0) V1l (2),m (7)) V 2 (2)}

= (fy X nho)(x1,2) V (7754)1 X Nk (}’1;2))

(51 ¥ ng)((xpz)(}’pz)) = N1 (x1y1) ANz (2)
<A (a1 (x1) At (1), iz (2)}
=A {1 (x1) A, (2), 1m0 (1) AnY,(2)}

= (i1 x nh2) (x1, 2) A (i X nl,) (v, 2).

(Ch1 X Cg)((x1,2) 1, 2) = Oy (1y1) A 0hp(2)

6751
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= A (SR () AR (71)), 32 (2D}
= A {051 00) A2 (2), O (v1) A O (2)}

= ({41 X {a2) (x1,2) A ((51 X Ol ()’1:2))
(¢B1 x (LI?VZ)((JCLZ)(YLZ)) = g1 (x1y1) V {5 (2)

<V A{Z () v 3 (), Tz (2D}
=V {TM (x1) vV $42(2), (A (v1) v (a(2)}
= (O X {2 (x1, 2) V (1 X 33 (01, 2).
Let E = {(x,x2)(x, y2)\x € V3, x5y, € E3} U {(x1,2)(¥1,2)\z € V3, 1y, € E;} and
Let E@ = E U (1, %) (01, ¥2)\¥1y1 € Eyand x5y, € Vo, X # ¥},
Definition 3.1.9
Let A, = (b, 0, 25 CY) and A, = (nh,, 0k, ¢85, C4,) be bipolar anti intuitionistic
fuzzy subsets of V; and V, and By = (g1, 151, {g1, (F1)and By = (M2, M52, ka2, (F2) be bipolar
anti intuitionistic fuzzy subsets of E; and E, respectively. The composition of two bipolar anti
intuitionistic fuzzy graphs G; and G, of the graphs G; and G, denoted by G,[G,] = (4 °
A,, B o By) is defined by
(1) (M1 © Maz) (X1, X2) = 1 (1) V 1 (x2)
(i1 o mi2) (en, x2) = mil; (1) A, (x2)
(Ch1 © Cha) (1, %2) = {f1 (1) A 05 ()

(TN o 05 (g, x2) = Oy () V O (xp)forall (xq,x,) € V X V.

(i) (MB1 © M) (6, x2) (%, ¥2)) = 1 (¥) V g, (x2y2)
(51 © N32) (6, x2) (%, ¥2)) = 131 (x) Ang,(x2y2)
(€B1 ° Cha) (%, %2) (%, ¥2)) = $4a (X)) A L (x22)
(881 ° T52) (%, x2) (%, ¥2)) = (A1 (%) V g5 (x22)
forall x e V;, forall x,y, € E,.

(ii1) (M1 © ng)((xpz) (}’1»2)) = Np1(X1y1) V 1l (2)
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(81 ©M52) (1, 2) (1, 2)) = NE1 (61 y1) Az (2)

($h1 © $2) (1, 2) (1, 2)) = {42(2) A Ghy (1Y)

(381 © B2) (21, 2) (¥4, 2)) = {2 (2) V {1 (eay)
forall z € V,, forall x;y, € Ej.

(iv)  (fye ng)((xl» xz)()’l)’Z)) =V {42 (x2), 052 (V2), mE1 (o1 1)}
(B, © ng)((xl» x2) (V1 3’2)) =A {02 (), iz (v2), m51 (1 ya)}
(Chy o fgz)((xpxz)(J’ﬂ’z)) = A {0 (x2), $ (v2), Chy (1 1)}

(g1 ° Cfls*vz)((xpxz)(J’pJ’z)) =V {005 (x2), 04 (v2), 51 (x1y1)}

forall (x1,x,)(y1y2) € E°\E.

Example 3.1.10: Let G; and G, be BAIFG where V; ={a,b} , E; ={ab} and V, =

{c,d} ,E, = {cd} respectively. Then we denote the Composition of two BAIFG as follows

(ac) (a,d)
Gy G, G1[G2]
Figure 3. Composition of two BAIFG
a b c d |(@c) |(ad) |(be) |(b,d)

115; 04 0.5 0.6 0.3 0.6 04 0.6 0.5
11% -0.3 -04 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5

z 0.5 0.3 0.1 0.5 0.1 0.5 0.1 0.3

X -04 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3
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ab cd | (a,c)(a,d) | (b,e)(b,d) | (a,c)(b,c) | (a,d)(b,d) | (a,c)(b,d) | (a,d)(b,c)
s 0.6 0.7 0.7 0.7 0.6 0.6 0.6 0.6
ny -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
e 0.4 0.2 0.2 0.2 0.1 0.4 0.1 0.1
e -0.4 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3

Table 3: Bipolar anti intuitionistic fuzzy setsin 'V and E of G; , G5, G1[G]
Proposition 3.1.11
If G; and G,are bipolar anti intuitionistic fuzzy graphs, then G;[G,] is a bipolar anti
intuitionistic fuzzy graph.

Proof: Let x €V, and x,y, € E,. Then

(151 ° M2) (X, x2) (%, ¥2) = 151(X) V 0, (x272)
=V {1100, 42 (2) V i (v2)}
=V a0 Vi (), m51 () V 2 (72)}
= (41 ° Ma2) (6, x2) V (41 © M2 (%, ¥2)),
(51 ° 152) (06, x2) (%, ¥2)) = 0 (6) A, (x22)
< A {1 00, 2 () Az (v2)}
= A {1 () AnY, (), ni: () Az (v2)}
= (i1 © mA2) (6, x2) A iy © i) (x, v2).
($E1 © SB2) (e, x2) (x,v2)) = GR1 () A Ghy (x2y2)
2N {5 (), (a2 () A Cha(v2)}
=M SR 0D A 8Ra(22)), 51 () A SR (v2)}
= (€41 ° $a2) (6, x2) A (G471 © $a) (%, 2)-
(481 © 52) ((, x2) (%, ¥2)) = {R1(x) V {Fa (x2¥2)
<VA{Z (), (§1 () v 3L (72)3
=V {1 (0) vV 5 (x2), T4 (0) v 3% ()3
= ({A1 ° Th) (0, x2) V (Ch © T4 (2, ).
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Let z € V, and x,y; € E;. Thus
(51 © M52) (Cer, 2) (1, 2) = N1 (X1 y1) V 0242 (2)
>V {(h1Ce) Vi (1), k2 (2D}
=V {na1 (1) V1l (2), 151 (1) V 12 (2)}

= (Nh1 ° Nho) (x1,2) V (7751 ° Nha (3’1'2))

(1 ° 18:) (21, 2) (1, 2)) = ng1 (ay1) Ay (2)
<A {1 Cer) Ay (), miz (2)}
=A {1 (x1) A (2), n (1) Az (2)}
= (a1 ° M2) (x1, 2) A (0 ° i) Ve, 2).
(81 ° o) ((x1, 2)(¥1,2) = {1 (Y1) A {42 (2)
> A (G A B (1)), 85 (2))
= A1 () A 352 (2), S5 (1) A $hr(2)}

= ({41 ° Thn) (x4, 2) A ((,51)1 ° (r ()’1'2))
(Chy © ng)((xl,z)(yl,z)) = {51 (1 y1) V3 (2)

<V A{Zh () v 3 (), Tz (2D}
=V {Th1(e1) vV {2 (2), Th(v1) v (A (2))
= (0 o 4 (1, 2) V (QR ° (o) (71, 2).
Let (x1,%,)(y1,¥,) € EO\E. Then x,y, € E;,x, # y, Thus,
(51 © 152) (1, Xx2) (1, ¥2)) =V (142 (x2) M2 (72), M2 (x1v1)}
>V {nh2(02), Mz (v2), a1 (x1) V i1 (1)}
=V {51 0c) V1l (02D, ) V 12 (v2)3
= (M1 © Maz) (1, %2) V (1 © a2) V1, v2)
(31 ° 152) (Cen, X2) (71, ¥2)) =A {042 (e2)- i (v2), 2 (ea )}
< AL (02), M (v2), i Gen) A ()}
= A i1 Cc) A (), i () A (v2)3

6755
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= (i1 ° Mha) (X1, x2) A (Y1 e ) (1, y2)
((}371 ° (gz)((xpxz)(J’pyZ)) =N {(52 (x2). (52 (J’z):(};z (1y1)}

> AT (x2), T (v2), i (1) AL (v1)}
= A {Th (o) A (x2), O (1) A 3ia (v2)
= (Th1 © Th) (g, x2) A (A1 0 o) (1, v2)

(cllav1 ° Clls’vz)((xpxz)(J’pJ’z)) =V {(1{1\’2 (x2). ﬁlvz (2), Gavz (x1y1)}

< V{02 (x2), G (02D, Thh () v 3 (1)}

= V{1 (x) V3 (x2), () V 35 (72}

= ({A1 ° Th) (1, x2) Vv (G4 0 ) (e, v2)
Definition 3.1.12

Let A; = (mh, 0y, 8, ) and A, = (nh,,nl,, {&,, {,) be bipolar anti intuitionistic
fuzzy subsets of V; and V; and By = (g1, M1, $p1, Sh1)and B, = (M2, N2, (B2, {p2) be bipolar
anti intuitionistic fuzzy subsets of E; and E, respectively. Then we denote the union of two
bipolar anti intuitionistic fuzzy graphs G; and G, of the graphs G; and G; by G; U G, = (4, U
A,, B, U B,) and defined as follows:
a1 (x) ifxeVinv,

Mh Uni)(x) =4 nh,(x) ifx € VNV
N () Anh,(x) ifxeviny,

i1 (x) ifxevyin _Vz
Nz (x) ifxeV,nV;
nhG)vnl,(x) ifxeviny,

(i1 Unip) (x) =

(VD) =1 5 ifx € V,n
1V, ifxeviny,
A1 () ifxev,nv,

(G V() =3 () ifxeV,nV,

{ Ja1 (%) ifxevin,

Qi) AL () ifxeVin,



Example 3.1.13:
Let G; and G,

{c,d,e} ,E, ={cd,de} respectively. Then we denote the union of two BAIFG as follows

b

be BAIFG

(51 U np) (xy) =

(31 U npz) (xy) =

((51 U (gz)(XJ’) =

(5113\’1 U {LI?VZ)(XJ’) =

where

7751(95)’)
ng(x)’)
Ng1(xy) Ang,(xy) if xy € E; NE,

Ugl (xy)
7]2’2 (xy)
ng1 (xy) V gz (xy)

(51 (xy)
ggz (xy)
{1 (xy) V {hy (xy)

(113\]1 (xy)
{Llavz (xy)

Vi ={a,b,cd}

081 (xy) A LE5 (xy)

OPERATIONS ON BIPOLAR INTERVALVALUED ANTI INTUITIONISTIC FUZZY GRAPH

if xy€ENE,

if xy€€E,NE,;

if xy€E NE,
if xy€€E,NE,;
if xy€E;NE,

if xy€E NE,
if xy € E,NE;

ifxy€EE NE,

if xy€E;NE,
if xy € E,NE;

ifxy€EE NE,

Gy d G, e b .
Figure 4. Union of tvo BAIFG Gy G
a b c d ab bc ac cd
nh 0.4 0.5 0.6 0.3 ny 0.6 0.7 0.7 0.7
ny -0.3 -0.4 -0.5 -0.5 7y |-05 -0.5 -0.5 -0.5
¢ 0.5 0.3 0.1 0.5 & 104 0.2 0.1 0.2
ot -0.4 -0.3 -0.3 -0.3 o 1-04 -0.4 -0.3 -0.3

Table 3: Bipolar anti intuitionistic fuzzy setsin 'V and E of G,

6757

, Ey ={ab,bc,ac,cd} and V, =



6758
P. SUNITHA, P. SUNDARI

c d e cd de
nh 0.4 0.7 0.2 nh |07 0.8
ny | -04 -0.2 0.3 ny | -04 0.3
¢ |03 0.1 0.6 & |02 0.1
o102 -0.5 0.4 o 103 -0.5

Table 4: Bipolar anti intuitionistic fuzzy setsin 'V and E of G,

a b c d e
nh 0.4 0.5 0.4 0.3 0.4
nY 0.3 0.4 0.4 0.2 -0.4
& 0.5 0.3 0.3 0.5 0.3
o 0.4 0.3 0.3 0.5 -0.2

Table 5 Bipolar anti intuitionistic fuzzy setsin 'V of Gy U G,

ab bc ac de cd

ne 106 0.7 0.7 0.8 0.7

7y [-0.5 -0.5 -0.5 -0.3 -0.4

& 104 0.2 0.1 0.1 0.2

N 1-04 -0.4 -0.3 -0.5 -0.3

Table 6 Bipolar anti intuitionistic fuzzy sets in E of G; U G,

Proposition 3.1.14

If G; and G, are bipolar anti intuitionistic fuzzy graphs, then G; U G, is a bipolar anti
intuitionistic fuzzy graph.
Proof:
Letxy € E; N E,. Then
(Mp1 U nE2) (xy) = ngy (xy) Angy (xy)
= A {01 () Vi ), 02 () V g ()}
=V {1 () Anf(0), () A ()}
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= (M U na2 () Vv (i1 Unf) ().

(51 Y ng2) (xy) = F1) (xy) V iz (xy)
<V {100 Ani(v), Mz () Aniz ()}
= A {100 V(0,3 0D Vi, ()}
= (M1 Uni) () A (i U i) ).
(CB1 Y {82 (xy) = ($p1) (xy) V (B (xy)
< VAT () AL (), $an () A5 ()}
=AM () V T (), S ) vV $5, ()}
= ({41 Y Th) (0) A (Gh1 U ) ).

(€81 U 42D (xy) = (§51) (ey) A LF (xy)
=AM ) V), G () v L ()}

=V A{Zh () A0, 30 AL}
= ({41 U Ti) () A (G4 U O ().

If xy € E; NE,,
(Mp1 Ung) (xy) = g1 (ey) = ma () Vi, ()
= (a1 Y (42) () V (41 U i) )
Similarly, for xy € E; N E,, we have
(51 Y ng2) (xy) < (A1 U a2 () A (i Uniz) ()
(51 U E) (xy) = (841 Y {a) () A (G4 V3 ()
(81 U B2 (xy) < (A1 VS () v (LA v 3) ()
If xy € E, N E;, then

(ME1 U nE2) (xy) < (4 U nia2) () A (1 U i) ()
(51 U ng2) (xy) = (i U niz) () v (i U ni) ).
(51 Y CE2) (xy) < ({1 U $a) () v (Gh1 Y {5) ()
(81 U G2 (xy) = (§h7 U G () A (G v 33 ()

Thus G, U G, is a bipolar anti intuitionistic fuzzy graph.
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3.2 BIPOLAR INTERVAL VALUED ANTI INTUITIONISTIC FUZZY GRAPH
Definition 3.2.1

A bipolar interval valued anti intuitionistic fuzzy graph (BIVAIFG) with an underlying set

V is defined to be a pair G = (4,B), where A = (nh ,nh,, <&, ¢5, iy, i, .¢4,) isa
bipolar interval valued anti intuitionistic fuzzy set (BIVAIFS) in V and B = (nf 1§,

¢k < §U, ny ” ngu, 4 LI;VL, 4 @’U) is a bipolar interval valued anti intuitionistic fuzzy set in E such that
(b)) =nh vk, ), (G8)y) =25 NGO
(b)) = nh () vnh, (), (¢h,) xy) = T4, () AL, (),
(¥ ) Gey) <0l ) Anl ), (B ey) < T () vl ()
(n8,) ) < nff, () AnY, ), (G8,) ey) < SN, ) v R () forallxy € E
Example 3.2.2: Consider the graph shown in figure 1 where
a = (0.1,0.5,—0.5,—0.1,0.3,0.5,—0.5, —0.3); b = (0.2,0.5, —0.6, —0.2,0.1,0.4, —0.4, —0.1)
c = (0.3,0.6,—-0.6,—0.4,0.1,0.4, —0.4,—0.2) we get the values of the edges as
ab = (0.3,0.6,—0.7,—-0.3,0.2,0.4, —0.4, —0.2)
bc = (0.4,0.7,-0.6,—0.5,0.2,0.4,—-0.4,—0.1)

ac = (0.4,0.6,—0.6,—0.4,0.2,0.4,—0.4,—0.3)
Definition 3.2.3

LetAl = (nﬁly nﬁlu’ CglL’ {Elu’ ngly nglu' {114V1L' (ilvlu) and
AZ = (n:IZZL’ nﬁZU’ CEZL’ {52[]' TIXZL' TIXZU' (114\121" (AVZU)
be BIVAIF subset of V; and V,and By = (n5,,, NB1yr S5, Sh1y MB1,, MB1ys $B1, (,’;Vlu) and

Bz=(ngL'ngul(gzL’ggzufngzL’ngzuf{JIS'VZL’G];\IZU) be BIVAIF subsets of E; and E,

respectively. Then we denote the Cartesian product of two bipolar interval valued anti intuitionistic
fuzzy graphs G; and G, of the graphs G; and G, by G; X G,—(A; X A;, B; X B,) and defined
by
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(i) (Mhr, X b2, ) (1, %2) = iy, (x1) V 0z, (32)
(Mh1y X Mha2y ) (1, %2) = Ny, (X1) V 0z, (x2)
(A, X 2, ) (1, x2) = iy, (x1) Az, ()
(Mg X M2y ) (X1, 22) = i1, Ger) A, (x2)
(Ch1, X Ty, ) (o1, x3) = OBy, (1) A Thp, (32)
(Chry X Chay) (er, x2) = Chy, (1) A Lpy (32)
(S, X S, ) (xn,x2) = iy, Ge) v TR, ()
(Ch1, X Oy ) Cer,x0) = Ol (er) v 3o, (x)for all (xq,x,) € V X V.
(i) (MB1, X Mh2,) (4, %2) (6, ¥2)) = iy, (X) V 0y, (x2Y2)
(MB1y X Mh2y) (6 X2) (6, ¥2)) = 041, (0) V N, (272)
(MB1, X Mh2,) (06 x2) (x4, ¥2)) = i1, () Anj,, (x2y2)
(MB1y X Mh2,) (6 x2) (%, ¥2)) = i1, (0) Anja, (x2y2)
(G, X Ch2, ) (6, x2) (%, ¥2)) = {hy, (%) A Gy, (272)
By X B2y ) (6, x2) (%, ¥2)) = {fy, () A oy, (272)
(GB1, X G2 ) (6, x2) (6, v2)) = $ih, () V {F, (x22)

((gw X (gzu)((x» x2)(x,¥2)) = (51\111,(95) \% Zgzu(xﬁ’z)

forall x € V;, forall x,y, € E,.
(iii) (81, X M52, ) (%1, 2) (1, 2)) = 0pa, Ce1y1) V 1, (2)
(MB1y X b2y ) (1, 2) (1, 2)) = N1y, Cery1) V 0z, (2)
(131, X N52,) (X1, 2) (¥4, 2)) = Nga, (1 y1) Az, (2)

(Ugu, X ngu)((xpz)(h,z)) = TIg1U(x13’1) A TI,IXZU(Z)
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((§1L X (gzL)((po)(}’l»Z)) = ZEZL(Z) A <§1L (x1y1)
((glu X Zgzu)((xl,z)(yl,z)) = G&DZU(Z) A Zglu(x1y1)
((119V1L X (ész)((po)(YLZ)) = Z,quzL(Z) \ (113\]1L(x13’1)

((119\11” X Zgzu)((xl,z)(yl,z)) = (AVZU(Z) \ Zg1u(x1y1)

forall z € V,, forall x;y, € E;.

Example 3.2.4: Consider the graph shown in figure 2 where
a = (0.1,0.5,-0.5,-0.1,0.3,0.5,—0.5,—0.3); b = (0.2,0.5,—-0.6,—0.2,0.1,0.4, —0.4, —0.1)
c = (0.3,0.6,—0.6,—0.4,0.1,0.4, —0.4,—0.2); d = (0.2,0.5,—0.6,—0.3,0.3,0.6, —0.4, —0.2)
we get the values of the vertices in G; X G, as
(a,c) = (0.3,0.6,-0.6,—0.4,0.1,0.4, —0.4, —0.2)
(a,d) = (0.2,0.5,-0.6,—0.3,0.3,0.5,—-0.4,—0.2)
(b,c) = (0.3,0.6,—0.6,—0.4,0.1,0.4, —0.4,—0.1)
(b,d) = (0.2,0.5,-0.6,—0.2,0.1,0.4, —0.4, —0.1)
and edges in G; X G, as
(a,c)(a,d) = (0.4,0.6,—0.6,—0.5,0.2,0.5,-0.4, —0.3)
(b,c)(b,d) = (0.4,0.6,—0.6,—0.5,0.,0.4, —0.4,—0.1)
(a,c)(b,c) = (0.3,0.6,—0.7,—0.4,0.1,0.4,—-0.4, —0.2)
(a,d)(b,d) = (0.3,0.6,—-0.7,—0.3,0.2,0.4, —0.4,—0.2)
Proposition 3.2.5
If G; and G, are BIVAIF graphs, then G; X G, is a BIVAIF graph.
Proof:

Letx € V; and x,y, € E;, Then
(U£1L X ngL)((x; x2)(x,¥2)) = 77§1L(x) \% ngL(xz}’z)
=V {7151’1L (x), UizL(xz) v 7751’2L (v2)}

=V {nfs, (O Vo, (52)) s, () V 1z, (020}
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= (M1, X Maz,) (%, 2%2) V (Mh1, X M2, ) (%, v2).
M1y X No2y) (6 x2) (%, ¥2)) = nj1, (X) V Mgy, (1272)
2V (41, (O, Nz, (62) V 12, (v2))
=V {151, () V152 (42)) 11y () V iy (723
= A1y X Mhzy) (6 X2) V (M1, X N2y ) (X, 2).
(MB1, X M52,) (%, x2) (6, ¥2)) = i1, () Anj,, (62y2)
<A i1, GO, (1, () A, (72)}
=A {1, () Az, (), mif, (0 Az, (7203
= (M1, X Mz, 06, x2) A (1, X 1, ) e, y2)-
(MB1y X Mh2,) (6 x2) (x4, ¥2)) = i1, (0) Anja, (2y2)
<A (i1, (O, (12, (2) Az, (v2)}
=N (A1, (00) Az, (), mil, () Az, (72D}
= (M1, X M2y ) (6 x2) A (M1, X 1l2,) (X, ¥2)-
(G, X Sh2, ) (6, x2) (%, ¥2)) = {hy, (%) A Gy, (272)
2A (T, (0), Tha, (2) A Cliz, (v2)3
A {25, (0 A Ty (), T, () A, (72))
= (S, X Tha, ) (2, x2) A TRy, X Shz, ) (X, ¥2)-
Gy X Sh2y) (6, x2) (%, ¥2)) = {fy, () A Gy, (272)
2N {Ch1y (0), Tz (2) A iz (72D}
A2, 00 A Loy (62)), Chay 00 A Loy (92}

= (81, X T2y ) (6, 22) A (L, X o) (2 ¥2)-
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(381, X T2, ) (6, x2) (6, v2)) = $ah, () V {F3, (x22)
<V {3, (), (T, (22) V OB, (7))
=V {{A1, () V Ty, (x2), CR1, (0) V Oy, (02)3
= (1, X T2 (x, 22) v (Ghy, x Ci2, ) (3, 32D,
($B1y X S (6, x2) (%, ¥2)) = (A, () V $8, (x272)
<V {Th1, (), (CA2, () V O (72))
=V {41, () V oy, (), Tl () v OB (02D}

= (52\’1,] X d’zu)(x' X2) V (51{1\111, X (AVZU)(x, Y2)-

Let z € V, and x,y, € E;. Thus
(77§1L X UEZL)((XLZ)()’LZ)) = 77§1L(x13’1) \4 UﬁzL(Z)
=V {(nﬁu (x1) V1, (3’1)) Mz, (2)}
=V {nh1, (1) V 1z, (2), 051, V1) V 1z, (2)3
= (TIZ1L X UZZL)(XLZ) \4 (77,1;1L X UﬁzL(YLZ))
(7711;1” X ngzu)((xpz)()’pz)) = Uglu(xﬂﬁ) \% Uﬁzu(z)
>V (151, e V 11, 0)) 15z, (2D}
=V {nh1, (x1) V 1hz, (2),nh1, 1) V s, (2D}
= (Nh1y X Mh2y) 1. )V (nhay X M2y 01,2))
(M1, X M2,) ((x1, 2) (1, 2)) = Ny, (K1Y1) A, (2)
<A {1, Ce) Aay, (1), M2, (2D}
=A {1, () Ao, (2), 101, 1) Ay, (2)}

= (TI%L X T]‘IXZL)(XI'Z) A (772]1L X anZL)(yl'Z)-
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(MB1y X N82,) (X1, 2) (1, 2)) = N1, (X1y1) ANz, (2)
<Al () Anl, (71,2, (2)}
=N\ A1, (x1) Az, (2), 31, (V) A, (2)}
=y X M2y) G, 2) A (1l X 12,) (1, 2).
(Th1, % ) (e, )31, 2)) = Ty, (2) A CEs, (xy31)
> (65, Ge) A S, ) ), ()
= A, (00 A ko, (), k1, (1) A 3o, (2))
= (h1y X 02 ) Cer,2) A (8, X T, (1,2) )
(TB1y X Chay ) (Cr1, 2) (1, 2)) = Ly (2) A Gh, (ay)
> A {(CF1, (o) A Ch1, (1)) Chay (203
= A, (0) A Chay (2), 851,y 1) A Oy (2D}
= (Ch1y X Chay) (i1, 2) A (Chay X Chay 1,2))
(3B, X 3 (e, 2) (00, 2)) = 3, (2) V OBy, Geayn)
<V {3, (e) v O, 1), EB, (20
=V (T4, () V O, (2, O, (1) v O, (2))
= (S, xS, ) (e, 2) v (S, X Sz, ) 1, 2).
(3B X B (Ge1, 2) 91, 2)) = Oy (2) v 3B, Cray)
<V (G, () v 3, (1), A, (23
=V (T4, (o) V Oy (2, C, ) V T, (23

= (dlvh, X d’zu)(xl'z) \% (ﬁxvh, X ﬁlVZU)(leZ)-

Definition 3.2.6
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Let4; = (Uﬁu»nim» (gly (51[,»7754)’1”77%1(,'(ivlyf,{lvm) and
A; = (U,IZZL; 7752[,: (fl’zL» (EZU' UXZL' UXZU' CcleL' quzu)
be BIVAIF subset of V; and V, and B, = (nglu 7751(,; ggm gglyrngly Ugh,» (zlavm fzIaV1U) and B, =
(B2, Mhayr Chayr Chays M2, M2y CBa,r (B2, ) be BIVAIF subsets of E; and E, respectively.

The composition of two BIVAIF graphs G; and G, of the graphs G; and G, denoted
by Gl[GZ] = (Al o AZJBl o Bz) is defined by

(i) (a1, ©Mh2,) (01, %2) = by, (x0) V 0z, (x2)
(Mh1y © Mhay) (xa, x2) =0y, (1) V 1z, (02)
(mhy, © mi2,) (x1,2x2) = iy, (x0) Az, (x2)
(M1, © M2y ) Cxa, x2) = nly, (e1) Ay, (x2)
(SR, © Chay) (X1, x2) = By, (i) A Ghy, (x2)
(Chy © Thay) Conx2) = 3oy, (1) A TR, ()
(S, © Sy ) (xu,x2) = Sy, Ge) v R, ()

(ﬁlvh, ° {,quzu)(xpxz) = {,14\,11,(951) v {,quzu(xz)
forall (xq,x;) €V X V.

(ii) (M1, © Mp2,) (6, x2) (x,¥2)) = Mgy, () V 2, (x232)
(M1, © Mh2,) (0, 22) (X, ¥2)) = nh1, (%) V npa, (x252)
(81, © M52, (%, %2) (x, ¥2)) = M1, () Az, (x232)
(MB1, © M2,) (0, x2) (%, ¥2)) = ni1, (%) Anga, (x2y2)
(C81, © G2, ) (6, x2) (%, ¥2)) = (i1, (X) A {fa, (x2Y2)

((113)111 ° Z,é’zu)((x, x2)(x,¥7)) = Cﬁh,(x) A <§2U(XZYZ)
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(G, © G2, (6, x2) (3, 2)) = Chy, (0) V {F, (x22)
(B, © CBay) (06 x2) (%, ¥2)) = {Ay, (X) V OB, (x22)
forall x e V;, forall x,y, € E,.
(iii) (M1, © M62,) (Gc1, 2) (Y1, 2)) = M, (1y1) V 0, (2)
(B, ©152,) (1, 21, 2)) = nhy, Geaya) V sy, (2)
(81, ©N52,)(Ce1, 2) (1, 2)) = Mg1, (x1y1) Az, (2)
(MB1y © NB2y) (o1, 2) (1, 2)) = ME1, (611) ANz, (2)
(Ch1, © C2,) ((x1, 2) (1, 2)) = {4p, (2) A LEy, (e1y1)
(Ch1y © Sy ) (1, 2) (1, 2)) = {4z, (2) A Thyy, (X1 y1)
(381, © $82, ) (1, 2) (1, 2)) = {45, (2) V $F, (xay1)
($B1y © Cp2y) (1, 2) (1, 2)) = {Ao, (2) V T, (e yn)
for all z € V,, forall x,y, € Ey.
(v) (B4, © M2, ) (Cer, X)) (12)) =V (N2, (62, M2, (72D, B, (x1y1)}
(MB1y © M2y) (Cer, XD (1¥2)) =V (N2, (62, M2y, 2D, B, (e1ya)}

(Ugh ° ngL)((x1»X2)(y1:y2)) =A {UXZL (xz),ngzL(h)ﬂ?gh(xﬂﬁ)}

(Ugh, ° ngu)((xpxz)(}ﬁ:yz)) =A {nﬁzu(xz), WXZU(YZ)»U%U(XMH)}

((11331L ° G;ZL)((XL xz)()’ﬂ’z)) =A {ngL(xz), CEZL(VZ); §§1L (x13’1)}
((1133111 ° ggzu)((xp xz)()’ﬂ’z)) =A {ngu(xz), CEZU(YZ); (51,,(9513’1)}
((1]3\,1L ° glgsz)((xpxz)(J’pJ’z)) =V {ﬁlsz (xz),dquL(}’z). (113V1L(X1Y1)}

((113\’111 ° gllavzu)((xpxz)(J’pJ’z)) =V {Cﬁvzu(xz),c,{lvzu(h); §g1u(x13’1)}

for all (x;,x,)(y,y,) € EO\E.
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Example 3.2.7: Consider the graph shown in figure 3 where
a = (0.1,0.5,-0.5,-0.1,0.3,0.5,-0.5,-0.3); b = (0.2,0.5,—0.6,—0.2,0.1,0.4, —0.4, —0.1)
c = (0.3,0.6,—0.6,—0.4,0.1,0.4,—0.4,—0.2); d = (0.2,0.5,—0.6,—0.3,0.3,0.6, —0.4, —0.2)
we get the values of the vertices in G; X G, as
(a,c) = (0.3,0.6,—0.6,—0.4,0.1,0.4, 0.4, —0.2)
(a,d) = (0.2,0.5,-0.6,—0.3,0.3,0.5,—-0.4,—0.2)
(b,c) = (0.3,0.6,—0.6,—0.4,0.1,0.4, —0.4,—0.1)
(b,d) = (0.2,0.5,-0.6,—0.2,0.1,0.4,—0.4, —0.1)
and edges in G; X G, as
(a,c)(a,d) = (0.4,0.6,—0.6,—0.5,0.2,0.5,—0.4,—0.3)
(b,c)(b,d) = (0.4,0.6,—0.6,—0.5,0.,0.4,—0.4,—0.1)
(a,c)(b,c) = (0.3,0.6,—-0.7,—0.4,0.1,0.4,—0.4, —0.2)
(a,d)(b,d) = (0.3,0.6,—0.7,—0.3,0.2,0.4,—0.4, —0.2)
(a,c)(b,d) = (0.3,0.6,—0.7,—-0.4,0.1,0.4,—0.4,—0.4)
(a,d)(b,c) = (0.3,0.6,—0.7,—0.3,0.2,0.4,—0.4, —0.4)
Proposition 3.2.8
If G; and G,are BIVAIF graphs, then G;[G,] is a BIVAIF graph.
Proof:

Let x € V; and x5y, € E;. Then
(151, © M52, ) (6 x2) (6, ¥2) = N1, (X) V 1z, (x232)
=2V {T]ﬁlL (x), TLIZZL (x2) v UﬁzL (3’2)}
=V 7151’1L x) v TLIZZL (x2), 7751’1L ) v TLIZZL(yZ)}
= (Mh1, © Maz,) (% %2) V (M1, © M2, (%, 72))
Similarly (n5,, © 052,) (6 %2)(%,¥2) = (a1, © Mhzy) (6 %2) V (a1, © Mhay (%, 52))

(81, © B2, ) (6, x2) (x,¥2)) = iy, (0) ARy, (x2y2)
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<A {nhy, (Ol () Aty (7))
= A {nhy, () Ay, (), my, () Ay, ()}
= (1, o, ) (x,x2) A (nly, o1l ) (x, 32).
($B1, © Gha) (Cr x2) (0, ¥2)) = €5, (0) A Ghy, (x272)
27 (351, (), 8o, (2) A Ty (7))
{6, 00 A 5, (), 651, () A G, (v2))
= (Ch1, © Chay) (0 22) A (Gh, © Cha ) (1, 72)-
(8B, © G2, ) (6, x2) (%, ¥2)) = T, () V SBy, (x2372)
<V (T, (), (8, Ge2) v O, (920
=V (T, (0 V O, (02), E, (0 v T, (72))

= (d’h ° ﬁlsz)(x' Xz) V ({,quzL ° ﬁlvu)(x» V2)-
Similarly the other results can be derived.

Let z € V, and x,y; € E;. Thus
(MB1, ° b2, ) (X1, 2)(V1,2) = Np, (X1 Y1) V iz, (2)

>V {(nf1, () Vb, () ez, (2}
=V {nhy, (x1) Vnlz, (2), 0k, 1) V nha, (2)}
= (N, ° a2, ) e, 2) V (15, © 12, 00, 2))

(31, ° 152) ((x1, 2) (1, 2)) = g1, (1y1) Az, (2)
<A (i, (e Ay, (7)), miz, (2}
=A (i, (1) Al (2),m01, (1) Ay, (2)3

= (U%L ° UXZL)(XLZ) A (U%L ° T],]XZL)(YDZ)-
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(881, © Gb2,) (Cer, D (1, 2) =SBy, (X1y1) A Ghz, (2)
> (85, G) A S, ), (2
= AN, () A 3o, (2), T, (1) A T, (2))
= (¢h1, © T ) (0, 2) A (8, 0 0B, 00, )
(@, 0 ) (G, D)1, 2)) = T, Ceay) V b, (2)
<V (¢, () v O, (), O, (2))
=V ({0, () V O, (2, O, () v T, (2))

= (Thr, ° Sh2, ) e, 2D V (S, © Cho, ) 0, 2).
Let (x1,%2)(y1,¥,) € EQO\E. Then x,y, € E;,x, # y, Thus,
(B, © M2, ) (Cer, x2) (01, ¥2)) =V bz, (%2)- 02, (72), B2 (eaya)}
>V {0z, (2 b2, 72), i, Cen) V iy, (1)}
=V {1, G V bz, (02D, 5, 01 V iz, (v2) }
= (1, °h2,) 1, x2) V (M1, © M2, ) 1 72)
(B, © 182, ) (1, x2) (1, ¥2)) =A {0z, (). 1z, (072), 182, (X1 30)}
< Az, G2 iz, 2), i, Gen) Ay, (v}
= A {nh1, (1) Al (), i, () A, (v2) )
= (i, ° M2, ) (1, x2) A (1, ° M2, ) 1, 372)
(€51, © S5, ) (Cen, 22) (1, 72)) =A{{f2, (62)- iz, (v2), G, (v}
> ARy, (2),Cha, (2D, Cha, () A Ch, ()}
= A{Ch, (1) A Tl (62), Ch1, (1) A G, (v2))

= (cle ° ZﬁzL)(xpxz) A ((£1L ° (£2L)(y1ry2)
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(Cgu ° CgZL)((xli xz)()’l»)’Z)) =V {ﬁlsz(xz)- (isz(YZ), (llasz(xﬂﬁ)}
sV {(,quzL(xz)' ﬁlVZL(yZ)r qulL(xﬂ \ ﬁlvlL(%)}
=V {Q&L(xl) \ ZAVZL(xz): (2\11L(3’1) \ (AVZL(yZ)}

= (qulL ° (AVZL)(xpxz) \% (C{lvlL ° (isz)(YLYZ)

Similarly all other cases can be derived.

CONCLUSION

In this paper we introduce the notion of bipolar anti intuitionistic fuzzy graph and discuss the
various operations such as composition, Cartesian product and their union of two bipolar anti
intuitionistic fuzzy graph. Also we have introduced the notion of bipolar interval valued anti
intuitionistic fuzzy graph and the various operations such as composition, Cartesian product of two

bipolar interval valued anti intuitionistic fuzzy graph.
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