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1 Introduction

Zadeh [1] in 1965 introduced the concept of a fuzzy subset.
Fuzzy sets theory becomes a vigorous research area in
different disciplines including mathematics, engineering,
computer science, signal processing and graph theory.
Atanassove [2] studied intuitionistic fuzzy set concept as a
generalization of fuzzy sets. Various authors have studied
and concluded some results for intuitionistic fuzzy graph
[3-6]. In 1994, Zhang [7] introduced bipolar fuzzy set's
notion as a generalization of fuzzy sets, Massa'deh et al [8-
20] introduced many new concepts, including fuzzy,
bipolar fuzzy and intuitionistic fuzzy groups, rings and
graphs. In 2011, Akram [21] studied a bipolar fuzzy set in
graph theory and among the subjects he studied regular,
irregular, totally neighborly irregular graph. Many authors
introduced and discussed some properties of graph theory
in bipolar fuzzy sets [22-25]. In 2015, Ezhilmaran and
Sankar [26, 27] defined intuitionistic bipolar fuzzy graph.
They introduced some concepts such as neighborly
irregular intuitionistic fuzzy graph, totally irregular
intuitionistic fuzzy graph, highly irregular intuitionistic
fuzzy graph. In this paper, we study more results of
intuitionistic bipolar fuzzy graph, incident matrix for
intuitionistic bipolar fuzzy graph, line intuitionistic bipolar
fuzzy graph, subdivision intuitionistic bipolar fuzzy graph.
These concepts are useful in information analysis of
computer networks.

2 Preliminaries

The following definitions will be used in the sequel.

Definition2.1: [22] A graph is an ordered pair G = (V, E),
where V is the set of vertices of G* and E is the set of
edges of G*. Two vertices X, y in an unordered graph G*
are said to be adjacent in the graph if (x, y) is an edge in
G*. A simple graph is an unordered graph that has no loops
and no more than one edge between any two different
vertices.

Definition2.2: [26] A subgraph of a graph G* = (V, E) is a
graph G'=(V', E'), where V'c Vand E' c E.

Definition2.3: [26] A crisp graph G* = (V, E) is an
unordered triple (V(G*), E(G*), ¥ g+) consisting of a non-
empty V(G*) of vertices, a set of edges E(G*) disjoint from
V(G*), and an incidence function ¥ ¢+ that associates with
each edge of G* an unordered pair of vertices of G*.
Definition2.4: [26] let G* = (V, E) be a crisp graph, the
length ofapathP=ViV2.... Vas1 in Gis n.

Definition2.5: [25] let G* = (V, E) be a crisp graph, the
distance between any two vertices Vi and Vj in G* is
denoted by dg+ (Vi, Vj) and is defined as the minimum
length of the path connecting the vertices Vi, V;.

Definition2.6: [25] An mx n matrix is a rectangular array
of m x n numbers arranged in n rows and m columns, mxn
is called the size on the order of the matrix.

Definition2.7: Two matrices A and B are said to be equal if
they have the same order and the corresponding entries in

both matrices are equal.
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3 Main Results

Definition 3.1:[27] Let X be a non-empty set, the
intuitionistic bipolar fuzzy set 6 = {x, p(x), L' (x), A"(x), A
(x): x eX} Where: u'(x): x — [0, 1] and p(x): x — [-1,
0], V' (x): x> [0, 1], A (x): x >  [-1, 0], are the mappings
such that: 0 < p(x) + A'(x) < 1, -1 S pw(x) + A(x) < 0. We
use the position membership degree p'(x) to denote the
satisfaction degree to an intuitionistic bipolar fuzzy set 9,
and the negative of an element x some implicit counter
property corresponding to an intuitionistic bipolar fuzzy
set. Similarly, we use the positive non-membership degree
(M'(x)) to denote the satisfaction degree of an element x to
the property corresponding to an intuitionistic bipolar fuzzy
set and the negative non-membership degree (A(x)) to
denote the satisfaction degree of an element x to some
implicit counter property corresponding to an intuitionistic
bipolar fuzzy set. If p*(x) £ 0, w(x) =0, A*(x) = 0 and L' (x)
= 0 then we have a situation that x is regarded as having
only the positive membership property of an intuitionistic
bipolar fuzzy set. If u*(x) = 0, w(x) # 0, A*(x) = 0 and L' (x)
= 0 then we have a situation that x is regarded as having
only the negative membership property of an intuitionistic
bipolar fuzzy set. If u*(x) = 0, w(x) =0, A7 (x) # 0 and L' (x)
= 0 then we have a situation that x regarded as having only
the positive non-membership property of an intuitionistic
bipolar fuzzy set. It is possible for an element x to be such
that p(x) # 0, w(x) # 0, A*(x) # 0 and A (x) # 0 when the
membership and non-membership function of the property
overlaps with its counter properties over some portion of x.
Definition 3.2: if & and y are two intuitionistic bipolar

fuzzy sets, such that:

8= (u's (x), ws (x), A5 (x) and 15 (X))

7= (0 (%), wy (x), A7y (x) and Ay (x)), then:

(G NYX) = (W' (X) A Ry (X), Ko (X) Ay (X))

(G UM = (W' (X) v iy (X), K (x) vy (X))

G NNE) =A% () ALy (%), A5 (x) ALy (X))

BUNE) =@ X)) VA (x), 15 ((x) Vv Ay (X))
Definition3.3: An intuitionistic bipolar fuzzy graph G =
(V,E) is said to be a strong intuitionistic bipolar fuzzy
graph if

Hs+ij = min(ugi, ng) and Agij = max(ai,aj)

uz;; = max(pz; Mp;) and A%, = min(a;, a;)

V(al-, aj) € E

Definition3.4: An intuitionistic bipolar fuzzy graph G =
(V,E) is said to be a complete intuitionistic bipolar fuzzy
graph if

;= min(uh, wf) and A% = max(a;, a;)

uy;; = max(py;, uy;) and  A%; = min(a;, a;)

For all (ai,a)) € V.

Definition3.5: If G = (V,E) is an intuitionistic bipolar
fuzzy graph, then the order of G is defined and denoted by

0(G) = (Ou(G), 0,1(6)) where 0,5(G) =
(Zaiev P-gi ’ Zaiev HEL) and 015 (G) = (Zaiev Agl ’ Zaiev Agl)

Definition3.6: Let G = (V,E) be an intuitionistic bipolar
fuzzy graph, then the size is defined as S(G) =

(5.(6),5:(®)
SIJ.(G) = ZaijeE u';l] 'ZaijeE u;l] and
S2(6) = Xgyjee Aij» Lagje Ayij

Definition3.7: Let G = (V,E) be an intuitionistic bipolar
fuzzy graph. A path P in G is a sequence of distinct vertices
ay,ay, -+, a, such that either one of the following
conditions is held
D ug; >0, |usyl >0
And 23;; =1 A5; =0 forsome i and j

2) llgij>0'|l1§ij|>0
A5 > 0,|25;5] >0

Definition3.8: Let G = (V,E) be an intuitionistic bipolar
fuzzy graph. The length of a path P =ay,a,, ", Gpqq
(n>0)inGisn
Definition3.9: An intuitionistic bipolar fuzzy graph. G =
(V, E) is connected if any two vertices are joined by a path.
Definition3.10: If G is an intuitionistic bipolar fuzzy graph.
The p — strength (1 — strength) of apath P = a,,a,,
*, 4, in an intuitionistic bipolar fuzzy graph G is denoted
by.
SPu@) (SPMG))& is defined as
max(min{ug;}, max{|uz; |} ),
max(max{2};;}, min{|25;;1} )
Respectively foralli,j =1,2 N
Definition3.11: If a;,a; €V < G, the connectedness p —
strength (1 — strength) between the vertices a; and a; in
G is
Co NN, (a;, a]-) = max{SPu(C)}
Co NNy ) (a;, ;) = min{SP;}
For all possible path betweena; and a;.
Definition3.12: Let G be an intuitionistic bipolar fuzzy
graph. A walk is a sequence of vertices and edge. Where
the end points of each edge are the preceding and following
vertices in the sequence such that either one of the
following conditions is held

1) Hgij>0'|ugij|>0
A3 =0, A5;; =0 forsome i and j

2 ug; >0, w5yl >0
A5 > 0,|25,5] >0
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If a walk begins at a; and ends at a;.then it is an a; — a;
walk.

A walk is closed if it begins and ends at the same vertex.
Theorem3.13: if G = (V,E) is an intuitionistic bipolar

fuzzy graph. G Contains a x — y walk of length r, then
G contains a x — y path of length r.

Definition3.14: An intuitionistic bipolar fuzzy graph G*=
(V, E) is a pair (8, y) where 6 = <u's, us, A's , A's>is an

Example 3.15:

intuitionistic bipolar fuzzy set in V and y = <u*y, py, A'y,
Ay> is an intuitionistic bipolar fuzzy set in V x V such that
(V, E) is an intuitionistic bipolar fuzzy graph. The
neighborhood of a vertex a in G is defined by
N(a) = (Nyu"(a), Ny'(a), Ni"(a), No(a)), where:

1) Nu"(a) = {b € V: u™y (ab) < min (15 (a), n'5 (b))}

2) Ni'(a) = {b € V: py(ab) > max (us (a), ws (b))}

3) Ni(a) = {b € V: 1"y (ab) > max (A"s (a), "5 (b))}

4) Ny (a) = {b € V: 1y (ab) <min (175 (a), A5 (b))}

(0.4,-0.2,0.5,-0.3)

(0.3,-0.3,0.6, -0.4,

(0.6,-0.2,0.7,-0.5)

(0.1,-0.1, 0.6, -0.4)

(0.8,-0.3,0.4,-0.2)

(0.2,-0.4,0.5,-0.1)

(0.7,-0.5, 0.6, -0.4)

(0.1,-0.3, 0.9, -0.4)

Fig.1: Intuitionistic bipolar fuzzy graph

Fig.1: A display of an intuitionistic bipolar fuzzy graph G = (V, E), such that: V = {ai, az, a3, a4} and E = {ei, ez, €3,

e4}.

(0.2,-0.4,0.3,-0.7)

(0.1,-0.2, 0.9, -0.8)

(0.3,-0.2, 0.4, -0.7)

0.1,-0.1,0.7,-0.9)

(0.2,-0.2,0.9,-0.9)

(0.2,-0.5, 0.6, -0.9)

Fig.2: Intuitionistic bipolar fuzzy graph

Definition 3.16: The dimension or the order of an
intuitionistic bipolar fuzzy matrix A is the number of rows
and columns, the dimension of intuitionistic bipolar fuzzy
matrix with m—rows and n-columns is m x n

Definition 3.17:

Let A={< ap;, a;;, akf;, ak;; >lmx n be an
intuitionistic fuzzy matrix. The transpose of the matrix A is
AT defined as AT ={<

denoted by and is

+ - + -
aps;, apgy, akly, aks; >}

Definition 3.18: Two intuitionistic bipolar fuzzy matrices
A={< apg;;, afy;;, aky;, aky;; >},

B = {< by, bujj, bAf;, by >}

are said to be equal if they have the same order m x n and
corresponding entries in both matrices are equal , this
means that

augu = bugu, algu = b/’]'gl]’ a/’lgl] = b/’lgl] fOI‘ i = 1, """
,m and j = 1,------,nn and it’s denoted by A=B

Definition 3.19:

If A = {< ap};;, auy;j, aly;, ads; >fmx n, B =

{< bugij, bug;;, bA%;;, bAs;; >}m x n are two intuitionistic
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bipolar fuzzy matrices, then the sum of A and B which is
denoted by A} 1 —min B »is defined as

Azzax—minB = {< C'ugi]" C'ugif’ Clgii’ CAEU} =
[< max < apg;;, bug;; >,min < apg;;, bug;; >,
max < aAy;;, bAg;; >,min < aly;, bag;]

(0.4,-0.2,0.7,-0.9)

(0.3,-0.1,0.7,-0.9)
(0.4,-0.2,0.3,-0.5)

(0.2,-0.1, 0.4, -0.6)

(0.3,-0.1,8,5, -0.6)

(0.5,-0.3,0.4,-0.5)

1<i<m,1<j<n
Example3.20: Consider an intuitionistic bipolar fuzzy
graph G = (V, E) such that

V ={a,,a a3 a4 as},
E = {(alv az)‘ (ali a3)' (all (14_), (aZ' a3):}
(a2l a4—)' (a3, (14_), ((14_, aS)

(0.8,-0.4,0.6,-0.9)

0.2,-0.1, 0.7, -04)

(0.3,-0.1,0.2,-0.4)

2

(0.2,-0.1, 0.6, -0.9)

(0.2,-0.1, 0.5, -0.6)

Fig.3: Intuitionistic bipolar fuzzy graph

The intuitionistic bipolar fuzzy matrix for Gis given by

“ (0,0,0,0) (0.3,—0.1,0.5,—0.6)(0.3,—0.1,0.7, —0.9)]
t (0.2,-0.1,0.4,—0.6)( 0,0,0,0) ]

“ (0.3,—0.1,0.5,—0.6)(0,0,0,0) (0.4,—0.2,0.3,—0.5)]
2| (0.2,-0.1,0.5,—0.6)( 0,0,0,0) ]

“ (0.3,—0.1,0.7,—0.9)(0.4,—0.2,0.3,—0.5)(0,0,0,0) |
3 (0.2,-0.1,0.7,-0.9)( 0,0,0,0)

u (0.2,—0.1,0.7,—0.6)(0.2,—0.1,0.5,—0.6)
*1(0.2,-0.1,0.7,-0.9)(0,0,0,0) (0.2, —0.1,0.6, —0.9)

ol (0,0,0,0)(0,0,0,0)(0,0,0,0)
51(0.2,-0.1,0.6,—0.9)( 0,0,0,0)

Definition 3.21:

Let A ={<apy; apng;j ar};, aly; >}mxn be an
intuitionistic bipolar fuzzy matrix and r be a positive
integer than the " power of an intuitionistic bipolar fuzzy
matrix is denoted by A™ and is defined as max-min product
of r-copies of an intuitionistic bipolar fuzzy matrix A.

Definition 3.22:

Let G = (V, E) be an intuitionistic bipolar fuzzy graph. The
index of matrix representation of intuitionistic bipolar fuzzy
graph is of the form Vi € V x V where V =
{ai,ay, ... ,a,} and

E = {< udij Wpij Adij, A5 >imxn =

+ - + - + - + -
< Hsn1 Hent /16n1' /16n1 > < HUsnns Henns /16nn' /16nn >

where < 1, Wi, A3, A5i; >€ [0,11X[0,1]

(1 <i,j =n), the edge between two vertices a; and a;
is indexed by < pg;;, Mgij» Asij Agij >

Remark 3.23: For any intuitionistic bipolar fuzzy graph,
the index matrix representation is an intuitionistic bipolar

fuzzy graph.
Definition3.24: If ¢ = (V,E) is an intuitionistic bipolar
fuzzy graph where V = {a,, a,, ... ... ,a,} The incident G

matrix of m intuitionistic bipolar fuzzy graph G is

B = {< buj;;, bug;j, bAk;;, bAs; >}n x m where n and m
represent the number of vertices and number of edges of G
respectively, whose entries of B are as following

B = {< buj;j, bugj, bAk;;, bAs; >nx m =

<u3(e) nz(e) 23(e;) A5 (e)) >
if an edge e; is incident on the vertex a;

< -1,0,1>,0 otherwise

© 2020 NSP
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It can also be represented in the matrix form

a, | < M5 (e w5 (er), A5 (en), A5 (er) > < ui(ez), w5 (e2), A5 (e2), A5 (e2) > < iz (en), 5 (en), A5 (€n), A5 (€n) >
;| < pz(en) us(er), A5(e1), A5 (e1) > < ui(es), w3z (€2), A5 (e2), A5 (€2) > < pz (en), 5 (en), A5 (en), A5 (en) >

Q.
3

< HE (e1), s (e, AE (1), A5(e) > < u§ (e2), 15 (e2), /13 (e2), A5(ez) > < u§ (en), 5 (en), /13 (en), A5 (en) >

Where < uf(e;), u5(e;), A% (e;), A5 (e;) > €[0,1]x[—1,01x[0,1]x[—1,0]

Definition3.25: Let G = (V, E) be an intuitionistic bipolar
fuzzy graph, where V ={a,,a,,..... ,a,} and E =
{el, e e ,€,} Then the line intuitionistic bipolar fuzzy
graph is denoted by G, = (V}, E;) when the vertices of G,
are in abjection with the edges of G and there exits an edge
between the vertices of G; if the corresponding edges of G
are adjacent. The membership and non membership value
of V,and E; are defined as following

Mg(ai) = ug(ei) and AgL(ai) = /13(31')

Ve €E

s (a;) = ps(e) and A5 (a;) = A5(e;)

ng (ai: aj)
min (ugl(ai) , p.gl(aj)) ,if e;and e; are adjacent in G
max (ugl(al-) , ugl(aj)) ,if e; and ej areadjacent in G
(—1,0,1) otherwise
2%(ai, a5)
max (Agl (a), A%, (aj)) ,if e;and e; are adjacent in G

min (Agl (ay), A5, (aj)) ,if e;and e; are adjacent in G
(—1,0,1) otherwise

Example3.26: Consider an intuitionistic bipolar fuzzy
graphG = <V ,E >, such that V ={a,,a,,a5,a,} , E =
{a,a,,a,a5,a,a,, 0,05, a,a,, asa,} such that

(0.2,-0.4,0.3,-0.1)

(0.1,-0.1,0.6,-0.3)

(0.6,-0.1,0.7,-0.5)

0.1,-0.3,0.7,-0.5)

(0.9,-0.7, 0.6, -0.4)

(0.7,-0.2,0.5,-0.2) (0.1,-0.3,0.6,-0.4)

(0.5,-0.3,0.7,-0.5)
(0.5,-0.1,0.6,-0.3)
(0.6,-0.4,0.5,-0.3)
Fig. 4: Intuitionistic bipolar fuzzy graph
Then the line intuitionistic bipolar fuzzy graph G is given as

© 2020 NSP
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(0.1,-0.1, 0.6, -0.3)

a, - -
01 03.07. 05 L0105 05 13 )(0.1,-0.3,0.7,-0.5)

(0.1, -0.1L077, -0.
(0.1,-0.1,{0.7,-0.5) (0.1,-0.3,0.7,-0.5)

(0.1, -0.1\Q.7, -0.

(0.5,-0.1,0.7,-0.5)

(0.1,-0.1, 0.6, -0.4) (aoy
24
-y

(0.5,-0.1, 0.6, -0.3)

(0.1.-0.3.0.6.-0.4) 234 )(0.5.-0.3.0.7.-0.5)

(0.1,-0.1,0.7,-0.5)

(0.5,-0.1./0.7.-0.5)

(0.1,-0.3,0.7,-0.5)

(0.6,-0.1, 0.7, -0.5)

Fig. 5: Line intuitionistic bipolar fuzzy graph

and the edges ¢-a; and a, a; are defined as following

Vi = {a12, a13, A4, A14, O34, ap3} And SD llg c)= Ugij & SDA:; €)= /1:§l-]-
(a12a13), (A13034), (A34024), (A12024), SDus (Cr) = ugif & SDA5(G) = Asij
(a12034), (A13024), (A34423), (A24023), Forall G, € S?V ] . .

E; =< (ay3044), (A34014), (A12014), (A14054), 1) SDpg(a;, Cr) < min{SDy;(a;), SDps (C,)}
(ay3a14) SDus (a;, C,) = max{SDy; (a;), SDps (C,)}

2) SDAf(a; C,) = max{SDA{(a;), SDAL(C,)}

Definition 3.27: Let G = (V, E) be an intuitionistic bipolar SD2s(a;, C) < min{SDAy(a;),SDA5(C,)}

tfgzzy bgéaph. Withf undertlyitpg prtiSPbgrafh fi =V,E )h t(‘r;lf;n 3) SDu§(C,,a;) < min{SDy(C,), SDp}(a;)}
e subdivision of an intuitionistic bipolar fuzzy graph G is _ _ _

denoted by SD; = (SD,,SD,) and it is obtained by adding SD ui (€)= max{SDuf (Cr)'SDui (a))}

a vertex C, into every edge e;; = (a;, a;)€ E of G such 4) $D23(Cr ;) = max{SDAZ(C,), SDA3(a;)}

that the membership and the non-membership of vertex a, SDA5(Cy, a;) < min{SDA5(C,), SDA5(a;)}

Va;a; C. € SD,
Example 3.28: Consider an intuitionistic bipolar fuzzy graphG = (V, E), such that

v ={a,,a,,a;5,a,}and E = {a,a,,a,a,,a,a;,a;a,} Such as
(0.7,-0.4,0.3, -0.5)

(0.5, -0.3, 0.9, -0.6)

(0.5,-0.3, 0.9, -0.5)
©@2)(0.3,-06,04,-01)

(0.2,-0.2,0.5,-0.1)
(0.6,-0.4,0.8,-0.2)
(0.3,-0.1,0.9,-0.3)
@3) (0.5,03,02,-07)
Fig 6.a: Intuitionistic bipolar fuzzy graph

© 2020 NSP
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Then the subdivision intuitionistic bipolar fuzzy graph G is

(0.7, -0.4, 0.3, -0.5)
£40.5,-0.3, 0.9, -0.6)

(0.3,-0.6,0.4,-0.1)

(0.4,-0.2,0.9,-0.5)
(0.3,-0.1,0.9,-0.7) (0.2,-0.2,0.9,-0.7)

(0.1,-0.1,0.6,-0.1)

£i(0.5,-0.3, 0.9, -0.6)

s
(0.4,-0.2, 0.9, -0.7) 0.2,-0.2,0.5,-0.1)

(0.1,-0.1, 0.6, -0.7)

(0.5, -0.3, 0.9, -0.3)
+ (0.4,-0.2,0.9, -0.8)
(0.6,-0.4, 0.8, -0.2) @

(0.6, -0.4, 0.8, -0.2)

(0.5,-0.3,0.2, -0.7)

Fig 6.b: Subdivision intuitionistic bipolar fuzzy graph

With SD, = {1, @z, @3 04, €, Cas G5, G and (ugk (ap @), u3*(ai @), 48% (i, @), 25" (s a]-)) =

SDp = {alc4_, a,Cy,C1Qy, A5Cy, Co 03, A3C3, C30y, a4c4}

Definition3.29: Let G = (V, E) be an intuitionistic bipolar (min(ug;.uof,-),ma,r(ug,;13,-).rrla.r(/1;-'3,/‘.;-’,),mr'n(/lgs,,ifj) )[f 6" ([,.:’u) <y
fuzzy graph with the underlying crisp graphG™ = (V, E). o ' - '
Thus the power of an intuitionistic bipolar fuzzy graph G is (-l.O,l).otherwxse

denoted by G™ = (V",ET) where V™ =V and the vertices Example 3.30: Let G = (V,E) be an intuitionistic bipolar
a; and a; are adjacent in G" iff dg "(ai , @) <t . The fuzzy  graph  such v ={a a3 a3 a4 as}and £ =
membership values of the edges of G”r are defined as {0,105, 8,05, 2304, a,4as} such that
follows

(0.5,-0.4,0.8,-0.4) (0.8, -0.5, 0.4, -0.9)

0.3,-0.2,0.9,-0.9)

(0.2,-0.2,0.9,-0.9) @ (03,-0.2,09,-0.7)

(0.1,-0.2,0.9,-0.8)

(0.2,-0.5,0.6,-0.1)
0.2,-0.1,0.7,-0.9)

(@3)(0.2, 04,05, -0.7)

Fig.7.a: Intuitionistic bipolar fuzzy graph
{05,-0.4,08,-0.4)

7 a) {02.-04,08,-09) ‘@) 08,-05,04,-09)
| @1} — — %5
./ N T
j {02.-0.4.08,-07) T~403.-02,09,-09)
{02,-09,.05.,09) ~—
{02,-01.,07.-09} | (as )

{02,-02,09,-09) *0,3,702,0,4, -0.7)

o

{0.1,-02,09,.03)
{(02,-02,09,-039)—

TN\ {0.4.-01,07,-09) Yo\

L2y — ——( 3 )io2,-04.05,-07)
\__/ \__/

{02,-05,06,-09)

Fig.7.b: Intuitionistic bipolar fuzzy graph of G?
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(0.5, -0.4, 0.8, -0.4)

(0.2,-0.4, 0.8, -0.9)
ay

(0.8, -0.5, 0.4, -0.9)

-0.2, 0.9, -0.9)

(0.2,-0.2,0.9,-0.9)

(0.8,-0.2, 0.9, -0.4)

(0.1,-0.2, 0.9, -0.8)

(o>

(0.2, -0.1, 0.7, -0.9)
(0.2, -0.5, 0.6, -0.9)

(0.2,-0.4,0.5,-0.7)

Fig.7.c: Intuitionistic bipolar fuzzy graph of G*

And intuitionistic bipolar fuzzy matrices representing G2 and G3are

a; [ (0,0,0,0) (0.2,-0.2,0.9,—0.9) (0.2, —

A? = az| (0.2,-0.4,0.8,—0.7) (0.2,—0.1,0.7,—0.9) (0,0,0,0)

(0.3,-0.2, 0.4,-0.7)

0.4,0.8,—0.7) (0,0,0,0) (0,0,0,0)
ay| (0.2,-0.2,0.9,-0.9)(0,0,0,0) (0.2,-0.1,0.7,—0.9) (0.2, —0.3,0.6,—0.9) (0,0,0,0)

(0.1,-0.2,0.9,-0.8) (0.2,-0.1,0.5,—-0.9)

as| (0,0,0,0) (0.2,-0.2,0.6,—0.9) (0.1,—0.4,0.5,—0.7) (0,0,0,0) (0.8,—0.2,0.9,—0.9)
4] (0,0,0,0) (0,0,0,0) (0.2,—0.9,0.5,—0.9) (0.3,—0.2,0.9,—0.9) (0,0,0,0)
a, [ (0,0,0,0) (0.2,-0.2,0.9,—0.9) (0.2,—0.4,0.8,—0.7) (0,0,0,0) (0.2,—0.4,0.8,—0.9)
a,| (0.2,-0.2,09,-09) (0,0,0,0) (0.2,-0.1,0.7,—0.9) (0.2,—0.2,0.9,—0.9) (0.2,—0.1,0.7,—0.9)

A3 = as| (0.2,-0.9,08-0.7) (0.2,—0.1,0.7,—0.9) (0,0,0,0)
as| (0,0,0,0) (0.2,-0.2,0.6,—0.9) (0.1,—0.4,0.5,—0.7) (0,0,0,0)
as|  (0.2,—0.4,0.8,—0.9)(0.2,—0.1,0.7,—0.9)(0.2,—0.9,0.5,—0.9 ) (0.8, —0.2,0.9,—0.9)( 0,0, 0,0 )

Theorem 3.31: if G = (V,E) strong intuitionistic bipolar
fuzzy graph and SD; = (SDy,SDg) are the subdivision
and an intuitionistic bipolar fuzzy graphG. Then
Su(8Dg) <2 5,(G) and S;(SDg) < 2 5,(G)

Proof: Consider

5,(SDg) = Z (SDH;(eikHSDu;(ek/))

eikerjESDE

< ) 5D,3(@) + ) SDg(a)
= Z Wy + Z Wij
<2 Z Hyij
<

25,(6)

Also

5,(SDg) = Z |5Du;(eik)+SDp;(ekj)|

eikekjESDE

&

S,(SDg) = Z |5D/1;(eik) + SDA;(ekj)l

eik.ekjESDE

< Y SDy@) + ) D@
Z Aij + Z Aij

<2 a4y

<

25,(6)

Also

S,(SDg) = Z |5D/1;(eik) + SDA;(ekj)l

eik.ekjESDE

< Z|5D15(ak)| + Z |sD1s (@)

(0.1,-0.2,0.9,—0.8) (0.2, —0.9,0.5,—0.9)
(0.8,—0.2,0.9,—0.9)

< Y IsDy@)l Y 8D 5@ < D1l + Y gl
< Dyl + Dl < 2 ||

< ZZlu;ijl < 25,(6)

<25,(6)
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Theorem3.32 Let G = (V, E) be an intuitionistic bipolar
fuzzy graph and A = [<ug;;, Ugi;, X% j» A5ij>] be the index
matrix of G. Then for each positive integer r then

A" = Connectedness strength of a; - a; is a walk of length
r... -

+ - + -
Proof: Suppose that A" = [<a#5ij, a#&], alé‘u, a/15l]>]
is the ' power of the intuitionistic bipolar fuzzy matrix A,
we prove (*) by mathematical induction such that:

Step 1: for r = 1 then A" = A. Then A = [<p3;;, Hij» A
Asij>], where pg;; is the connectedness strength of (a;, a;)
where the walk's length is one and /1;;- is the connectedness
strength of (a;, a;) length walk is one = (Conn 1t (@)
(a;, ap), Connl; (6) (ayay),

Conn; (G) (a; a;)) such that: (a; @;) is a; - a; length of

Connﬂg (@ (a;ap,

walk is one.

Step 2: suppose that it is true for r = k, where k is any
integer.

By the inductive hypothesis, (i,j entry of A" =
(Connﬂg(G) , Connﬂg(G) , Connig(G) , Connyz(G)),
where (a;, @;) is a; - a; length of walk is k. Now we need to
show that it is true for r =k + 1. (i,j)*" entry of A¥*1 =
@@, )H™M entry of A¥ mux — min (i,j) entry of A =
(Supp=1. n(min {a;(siu b;&Lj}a Infi -, p(max  {a,s,
b.sjt, Infy-1 n(max {5t bgij}a Supp -1 p(min {ays,
bysj}) = (max (min (Connﬂg (G) (a;a;), min (max

)th

(Connﬂg (@) (a;, a;), min (max (Connlg(G) (a;, a;), max
(min (Connyz(G) (a;, a.)), where (a;,a,) is a; - a, length
walk is k and (a;,a;) is a; - a; length walk is one =
Conn,x (G)(a;, ap), Conn, (@) (a;, ap), Conn,t (G)(a;, ap),
Conn ;- (G)(a;, a;)) where (a;, a;) is a; - a; length walk is
k+1 V a; € V. Therefore, it is true for every r that is
(i, )" entry of A" = connectedness strength of a; — a;
length walk in r.

4 Conclusions

The concept of bipolar intuitionistic fuzzy sets introduced
by Sankar and Ezhilmaran can be used in many problems of
real life, Where we have applied this concept to the topics
listed in [28- 30], on the other hand we will apply a bipolar
intuitionistic fuzzy sets to generalize the idea of these
papers [31-33]. In this paper, we have studied notions of
subdivisions intuitionistic bipolar fuzzy graph, matrix of
bipolar intuitionistic fuzzy graph, and line intuitionistic
bipolar fuzzy graph.
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