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Abstract

In this paper ds- degree and total ds-degree of a vertex in bipolar fuzzy graphs are
defined. Also (2,(c1,c2))-regularity and totally (2,(c1,c2))-regularity of bipolar fuzzy graphs
are defined. A relation between (2,(c1,c2))-regularity and totally (2,(cq,c2))-regularity on
bipolar fuzzy graph is studied. (2,(c1,c2))-regularity on path on four vertices, a Barbell

graph B, », (n>1) and a cycle C,, are studied with some specific membership functions.
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1 Introduction

In 1965, Lofti A. Zadeh [16] introduced the concept of fuzzy subset of a set as method of
representing the phenomena of uncertainty in real life situation. Azriel Rosenfeld introduced
fuzzy graphs in 1975 [13]. It has been growing fast and has numerous application in various
fields. Nagoor Gani and Radha [11] introduced regular fuzzy graphs, total degree, totally
regular fuzzy graphs. Alison Northup introduced semiregular graphs that we call it as (2, k)-
regular graphs and discussed some properties of (2,k)-regular graphs. In 1994 W.R.Zhang [15]
initiated the concept of bipolar fuzzy sets as generalisation of fuzzy sets. Bipolar fuzzy sets are
extension of fuzzy sets with membership values in [—1,1]. N.R.Santhi Maheswari and C.Sekar
[14] introduced da- degree of vertex in graphs and discussed some properties of do- degree of a
vertex in graphs. They also introduced ds-degree of a vertex in fuzzy graphs, total do-degree
of a vertex in fuzzy graph and discussed some properties of do-degree of the vertex in fuzzy
graph [12]. This paper motivated us to introduce dy degree in bipolar fuzzy graph. Throughout
this paper, the vertices take the membership values (mf,ml_) and edges take the membership

values (m3,my ) where mi,m3 € [0,1] and m; ,m; € [-1,0].
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2 Preliminaries

We present some known definitions related to fuzzy graphs and bipolar fuzzy graphs for

ready reference to go through the work presented in this paper.

Definition 2.1. For a graph G, the dy - degree of a vertex v in G is denoted by da(v) means

the number of vertices at a distance two away from v.

Definition 2.2. A graph G is said to be (2, k)- regular (ds- regular) if do(v) = k for all v in

G. We observe that (2, k) regular and semiregular and ds- regular graphs are same.

Definition 2.3. A fuzzy graph G: (o,u) is a pair of functions (o, ) where o : V.— [0,1] is a
fuzzy subset of a non empty set V and p: V' x V—[0,1] is a symmetric fuzzy relation on ¢ such
that for all u,v in V' the relation u(u,v) < o(u) A o(v) is satisfied. A fuzzy graph G is called
a complete fuzzy graph if the relation p(u,v) = o(u) A o(v) is satisfied.

Definition 2.4. [12] Let G : (o, 1) be a fuzzy graph. The da-degree of a vertex u in G is da(u) =
S u?(u,v), where p?(uv) = sup{p(uur )Ap(uiv) : u,ug, v is the shortest path connecting u and v
of length 2}. Also, p(uv) = 0, for uv not in E.

The minimum ds-degree of G is 62(G) = N{d2(v) : v € V'}.

The maximum ds-degree of G is Ao(G) = V{da(v) : v € V'}.

Definition 2.5. Let G : (o, 1) be a fuzzy graph on G* : (V| E). If do(v) = k for all v € V, then
G is said to be a (2, k)-regular fuzzy graph.

Definition 2.6. Let G : (o, i) be a fuzzy graph on G* : (V, E). The total da-degree of a vertex
u €V is defined as tda(u) = 3 p?(u,v) + o(u) = da(u) + o(u).

The minimum tda-degree of G is td2(G) = A{tda(v) : v € V}.

The maximum tdy-degree of G is tAq(G) = V{tda(v) : v € V'}.

Definition 2.7. [12] If each vertex of G has the same total da - degree k, then G is said to be
a totally (2, k)-regular fuzzy graph.

Definition 2.8. A bipolar fuzzy graph with an underlying set V' is defined to be the pair G =
(A, B) where A = (m],m]) is a bipolar fuzzy set on V and B = (mg,m; ) is a bipolar fuzzy
set on E such that m3 (z,y) < min {m{ (z),m{ (y)} and m; (z,y) > max {m] (z),m; (v)}
for all (xz,y) € E. Here A is called a bipolar fuzzy vertex set of V and B is called a bipolar
fuzzy edge set of E.

Definition 2.9. The positive degree of a vertex u € G is d*(u) = 3. mJ (u,v). The negative
degree of a vertex u € G is d~ (u) = > ms (u,v). The degree of the vertex u is defined as d(u)=
(d*(u),d™(u)).
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Definition 2.10. Let G = (4, B) be a bipolar fuzzy graph where A = (m{,m]) and B =
(m3,m5 ) are two bipolar fuzzy sets on a non-empty finite set V. Then G is said to be a regular

bipolar fuzzy graph if all the vertices of G has same degree (c1, c2).

Definition 2.11. The strength of connectedness between two vertices u and v is defined as
p>(u,v) = sup {pF(u,v) : k = 1,2,....} where u*(u,v) = sup {p(u,u1) A p(ug,ug) A--- A

p(ug—1,v) : u,ug, ug, - - up_1,v is a path connecting u and v of length k}.

Definition 2.12. The total degree of a vertex u € V' is denoted by td(u) and defined as td(u)
= (td* (u),td™ (u)) where td*(u) = Y m3 (u,v) + m{ (u) and td~(u) = 3 m5 (u,v) +my (u).

Definition 2.13. Let G = (4, B) be a bipolar fuzzy graph where A = (m{,m]) and B =
(m3,m5 ) are two bipolar fuzzy sets on a non-empty finite set V. Then G is said to be regular

bipolar fuzzy graph if all the vertices have same positive and negative membership values.

Definition 2.14. Let G = (4, B) be a bipolar fuzzy graph where A = (m],m;) and B =
(m;,m; ) be two bipolar fuzzy sets on a non-empty finite set V. G is said to be a totally
regular bipolar fuzzy graph if all the vertices of G has same total degree (k1, k2). It is denoted
by (k1, k2)- totally regular bipolar fuzzy graph.

3 dy- degree of vertex in Bipolar Fuzzy Graph

Definition 3.1. Let G = (A, B) be a bipolar fuzzy graph. The positive d - degree of a vertex
u € G is defined as dj (u) = ng’ﬂ (u,v) where m§2’+) (u,v) = sup {m3 (u,u1) A mg (u1,v) :
u, u1,v is the shortest path connecting u and v of length 2}.

The negative da- degree of a vertex u € G is defined as d; (u) = ngﬁ)(u,v) where
m$
length 2}. The ds - degree of a vertex u is defined as da(u) = (d (u),d5 (u)).
The minimum ds - degree of G is d2(G) = N{da(v) : v € V'}.

The maximum dy - degree of G is Ay(G) = V{da(v) : v € V'}.

u,v) = inf {my (u,u1) V. my (u1,v) : u,uy, v is the shortest path connecting u and v of

Example 3.2. The dy - degree of the vertices of the bipolar fuzzy graph G= (A,B) on the

graph G* : (V| E) given in Figure 1 are as follows.
u(.2,-.3)

x(.5,-.6) (:3-4)  w(4,-.5)
Figure 1: The bipolar fuzzy graph G= (A,B).
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day(u) = (0.1A0.2,—0.3V —0.2) + (0.1 A0.4,-0.2 V —0.5)
= (0.1,-0.2) + (0.1,—0.2) = (0.2,—0.4)

dy(v) = (0.2A0.3,-0.2V —0.4) + (0.1 A0.1, 0.3V —0.2)
= (0.2,-0.2) + (0.1,-0.2) = (0.3,—0.4)

dy(w) = (0.3A0.4,-0.4V —0.5) + (0.2 A0.1,—0.2V —0.3)
= (0.3,-0.4) + (0.1,-0.2) = (0.4,—0.6)

dy(z) = (0.1A0.1,-0.2V —0.3) + (0.4 A 0.3, —0.5V —0.4)
= (0.1,-0.2) + (0.2, -0.2) = (0.3,—0.4)

da(y) = (0.1A0.1,-0.2V —0.3) + (0.4 A0.3,—0.5V —0.4)
= (0.1,—-0.2) + (0.3,—0.4) = (0.4, —0.6)

Example 3.3. The ds - degree of the vertices of the bipolar fuzzy graph G= (A,B) on the
graph G* : (V| E) given in Figure 2 are as follows.

u(.2,-.3) (.1,-.2) v(.3,-.4)
(1-]2) (:2,-:3)
x(.5,-.6) (.3,-.4) w(.4,-.5)

Figure 2: The bipolar fuzzy graph G= (A,B).

da(u) = (sup(0.1 A0.2,0.1 A0.3),inf(—0.2V —0.3,—0.2 v —0.4))
= (sup(0.1,0.1),inf(—0.2,—0.2)) = (0.1, —0.2)

da(v) = (sup(0.1 A0.1,0.2 A 0.3),inf(—0.2V —0.2,—0.3 v —0.4))
= (sup(0.1,0.2), inf(—0.2,—0.3)) = (0.2, -0.3)

day(w) = (sup(0.1 A 0.2,0.1 A0.3),inf(—0.2V —0.3,—0.2 v —0.4))
= (sup(0.1,0.1),inf(—0.2,—0.2)) = (0.1, —0.2)

da(z) = (sup(0.1 A0.1,0.2A0.3),inf(—0.2V —0.2,—0.3 v —0.4))
= (sup(0.1,0.2), inf(—0.2, —0.3)) = (0.2, —0.3).

4 (2,(c1,c2)) - Regular and Totally (2,(c¢;,c2)) - Regular Bipolar Fuzzy Graph

Definition 4.1. Let G = (A, B) be a bipolar fuzzy graph. If da(u) = (c1,c2) for all u € V,
then G is said to be a (2,(¢1,¢2)) - regular bipolar fuzzy graph.

Example 4.2. A (2,(0.1,-0.2)) - regular bipolar fuzzy graph is given in Figure 3.

u(-2,--3) (1,-2) v(.3,-.4) (1-.2) w(.4,-.5) (1,-2) x(.5,-.6)

[ L o——— O

Figure 3: A (2,(0.1,-0.2)) - regular bipolar fuzzy graph.
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Note that da(u) = (0.1,-0.2), d2(v) = (0.1,-0.2), d2(w) = (0.1,-0.2) and da(x) = (0.1,-0.2). This
graph is (2,(0.1,-0.2)) - regular bipolar fuzzy graph.

Definition 4.3. Let G = (A, B) be a bipolar fuzzy graph. Then the total do- degree of a vertex
u € V is defined as tda(u) = (tdy (u),tdy (u)) where tdy (u) = df (u) + m{ (u) and td; (u) =
dy (u) +m7 (u). Also it can be defined as tda(u) = da(u) + A(u) where A(u) = (m] (u), my (u)).

Definition 4.4. Let G = (A, B) be a bipolar fuzzy graph. If each vertex of G has same total
dy - degree, then G is said to be totally (2,(c1,c2)) - regular bipolar fuzzy graph.

Example 4.5. A totally (2,(0.7,-0.8)) regular bipolar fuzzy graph is given in Figure 4.

u(.5,--5) (:2-.3) x(.4,-.4)
(:1,-12) (.3,-.4)
v(.4,-.4) (.4,-.4) w(.5,-.5)

Figure 4: A totally (2,(0.7,-0.8)) regular bipolar fuzzy graph.

tdf (w) = df () + mi (w) and tdy (u) = dy (u) +my (w).

Here,
tda(u) = (0.2,-0.3) + (0.5,—-0.5) = (0.7, —0.8)
tdy(v) =(0.3,—0.4)+ (0.4,-0.4) = (0.7, —0.8)
tda(w) = (0.2,-0.3) + (0.5,—-0.5) = (0.7, —0.8)
tda(z) = (0.3,-0.4) + (0.4,—-0.4) = (0.7, -0.8)

This graph is totally (2,(0.7,-0.8)) regular bipolar fuzzy graph.

Example 4.6. A totally (2,(c1,c2)) - regular bipolar fuzzy graph need not be (2, (c1,¢2)) -
regular bipolar fuzzy graph. A bipolar fuzzy graph G= (A,B) on G* : (V, E) which is not
(2, (c1,¢2)) - regular bipolar fuzzy graph is given in Figure 5.

u(.7,-.6)

(4,-.3)

v(.7,-.6)
(3, (.3,-.4)
x(.7,-.6) (-5,-.3) w(.5,-.6)

Figure 5: A totally (2,(c;,c2)) regular but not (2,(c1,c2)) - regular bipolar fuzzy graph.
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tda(u)=(1.1,-1.1). So G is a totally(2,(c1,c2)) regular bipolar fuzzy graph. But da(u) # da(w).
Hence G is not a (2,(c1,c2)) - regular bipolar fuzzy graph.

Example 4.7. A (2,(c1, ¢2)) - regular bipolar fuzzy graph need not be a totally (2,(c1,c2)) -
regular bipolar fuzzy graph.

Consider the bipolar fuzzy graph G= (A,B) on G* : (V, E) given in Figure 6.

u(.2,-.3) (:1,-.2) v(.5,-.6)

(-2,1:3) (.2,-.3)

x(:3,-.4) (1-2) w(4,-.5)
Figure 6

Note that da(u) = (0.1,-0.2) for all w € V. Hence G is a (2,(ci,c2)) - regular bipolar fuzzy
graph.
But tda(u) # tda(v). Hence G is not a totally (2,(c1,c2)) - regular bipolar fuzzy graph.

Example 4.8. A (2,(c1,c2)) - regular bipolar fuzzy graph which is also totally (2,(c1,c2)) -

regular is given below.
Consider the bipolar fuzzy graph G= (A,B) on G* : (V, E) in Figure 7.

u(.4,-.5) v(.4,-.5)

(.2,-.3)

(.2,-.3)

(4,5 w(.4,-.5)

(.2,-.3)

v(.4,-.5) (2-3)  ((a-5)

Figure 7

Then da(u) = (0.4,-0.6) for all w € V and tda(u) = (0.8,-1.1) for all u € V. Hence G is a
(2,(c1,c2)) - regular bipolar fuzzy graph as well as totally (2,(¢1,c2)) - regular bipolar fuzzy
graph.

Theorem 4.9. Let G = (A, B) be a bipolar fuzzy graph on G*(V, E). Then A(u) = (ki, k2)

for all w € V if and only if the following conditions are equivalent.
1. G=(A,B) is a (2,(c1,c2)) - regular bipolar fuzzy graph.

2. G = (A, B) is a totally (2,(c1 + k1,c2 + k2)) - regular bipolar fuzzy graph.
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Proof: Suppose A(u) = (ki, k) for all u € V.
Assume that G is a (2,(c1,¢2)) - regular bipolar fuzzy graph. Then da(u) = (c1,¢2) forallu € V.
So tda(u) = da(u) + A(u) = (c1,c2) + (k1,k2) = (c1 + k1,c2 + ko).
Hence G is a totally (2,(c1 + k1,c2 + k2)) - regular bipolar fuzzy graph.
Thus (i) = (ii) is proved.
Suppose G is a totally (2,(c1 + k1,c2 + k2)) - regular bipolar fuzzy graph.
= tdo(u) = (1 + k1,c0 + ko) forallu € V
= da(u) + A(u) = (c1 + ki,co + ko) forall u € V
= do(u) + (k1, ko) = (c1,c2) + (k1, ko) for all u € V
= da(u) = (c1,¢2) forallu e V
Hence G is a (2,(c1,¢2)) - regular bipolar fuzzy graph.
Thus (i) and (ii) are equivalent.
Conversely assume that (i) and (ii) are equivalent. Let G be a (2,(c1,c2)) - regular bipolar
fuzzy graph and totally (2,(c1 + ki1,c2 + k2)) - regular bipolar fuzzy graph.
= tdy(u) = (c1 + k1,c2 + ko) and da(u) = (c1,¢2) for all u € V
= da(u) + A(u) = (c1 + ki1,c2 + k2) and da(u) = (c1,c2) for all u € V
= da(u) + A(u) = (c1,¢2) + (k1, k2) and da(u) = (c1,¢2) for all u € V
= A(u) = (k1,ke) for all u € V.
Hence A(u) = (k1, k2). [ |

5 (2,(c1,c2)) - regularity on path on four vertices with specific membership

function

Theorem 5.1. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, F) is a path on four
vertices. If B is a constant function then G is a (2,(k1,k2)) - regular bipolar fuzzy graph.

Proof: Suppose that B is a constant function, say B(uv) = (k1,kz), for all wv € E. Then
da(u) = (k1,k2). Hence G is (2,(k1,k2)) - regular bipolar fuzzy graph. |

Remark 5.2. The converse of Theorem 5.1 need not be true. For example consider G = (A, B)

be bipolar fuzzy graph such that G*(V, F) is path on four vertices.

u(.3,--4) (:2,-.3) v(4m5) (5 g w(.5,-.6) (:2,-.3) x(.6,-.7)

Figure 8

Note that, d2(u) = (0.2,-0.3) for all u € V. So, G is a (2,(0.2,-0.3)) regular bipolar fuzzy graph.

But B is not a constant function.

Theorem 5.3. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a path on four
vertices. If alternate edges have the same membership values then G is a (2,(c1,c2)) - regular

bipolar fuzzy graph where ¢; = min{mg’ﬂ} and cp = max{mg’f)}.
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Theorem 5.4. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a path on four
vertices. If the middle edge has positive membership value less than positive membership values
of the remaining edges and negative membership value greater than the negative membership
value of remaining edges, then G is a (2, (¢1,c2)) - regular bipolar fuzzy graph where ¢; and ¢y

are membership values of the middle edge.

u(3-4) oy v(.4,-.5) (1,-3) w(.5,-.6) (.3,-.5) x(.6,-.7)
[ @ ® ®
Figure 9

Note that da(u) = (0.1,—-0.3), d2(v) = (0.1, —0.3), d2(w) = (0.1,—0.3) and da(z) = (0.1, —0.3).
Hence G is a (2,(0.1,-0.3)) regular bipolar fuzzy graph.

Remark 5.5. If A is a constant function, then Theorems 5.1, 5.3 and 5.4 hold good for totally
(2,(c1,c2)) - regular bipolar fuzzy graphs.

6 (2,(c1,c2)) - regularity on Barbell graph B, ,(n > 1) with some specific
membership function
Theorem 6.1. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a barbell graph

By, of order 2n. If B is a constant function, then G is a (2,(c1,c2)) - regular bipolar fuzzy

graph where (¢1,c2) = nB(uv) where uv € E.

Remark 6.2. The converse of Theorem 6.1 need not be true. For example, consider a bipolar
fuzzy graph G = (A, B) such that G*(V, E) is a barbell graph By 9 of order 6.

v(.3,-.4) w(.4,-.7)

z(.3,-.4) v(4-.7)

Figure 10

Note that do(u) = (0.4, —0.6) for allu € V. So, G is a (2,(0.4,-0.6)) regular bipolar fuzzy graph.

But B is not a constant function.
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Theorem 6.3. Let G = (A, B) be a bipolar fuzzy graph on G*(V, E), a barbell graph By, ,,(n >
1). If the pendant edges have positive membership values less than the positive membership
value of the middle edge and negative membership values greater than the negative membership
value of the middle edge, then G is a (2,n(cy,c2)) - regular bipolar fuzzy graph where (c1, ¢2) is

the membership value of pendant edge.

Remark 6.4. If A is a constant function, then Theorem 6.1 and 6.3 hold good for totally
(2,(c1,¢2)) - regular bipolar fuzzy graphs.

7 (2,(c1,¢2)) - regularity on cycle with some specific membership functions

Theorem 7.1. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a cycle of length
> 5. If mJ and m, are constant functions, then G is a (2, (c1, c2)) - regular bipolar fuzzy graph

where (c1,c2) = 2(m3,my).

Remark 7.2. The converse of Theorem 7.1 need not be true. For example, consider a bipolar
fuzzy graph G = (A, B) such that G*(V, E) is an odd cycle of length five.

u(.7,-.6)

v(.6,-.6)

(.3,-.4)

x(.6,-.6) (-2,-.3) w(.7,-.6)

Figure 11

Note that da(u) = (0.4, —0.6) for all u € V. So G is a (2,(0.4,-0.6)) regular bipolar fuzzy graph.

But mJ and m; are not constant functions.
2 2

Theorem 7.3. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is an even cycle
of length > 6. If alternate edges have same positive and negative membership values then G is

a (2,(c1,c2)) - regular bipolar fuzzy graph.

Proof: If alternate edges have the same positive and negative membership values then,
m3 (e;) = c1 when i is odd and cp when i is even.
ms (e;) = c3 when 7 is odd and ¢4 when 7 is even.

Here we have the following 4 possible cases.

(i) c1 > co and c3 > ¢4
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(ii) 1 > co and 3 < ¢4
(iii) ¢1 < cg and c3 > ¢4
(iv) e1 < cg and ¢3 < ¢4

In all cases, da(u) is a constant for all u € V. Hence G is a (2,(¢1,c2)) - regular bipolar fuzzy

graph where da(u) = (c1, c2). [ |

Remark 7.4. If all the vertices take same positive and negative membership values then

Theorem 7.3 holds good for totally (2,(c1,c2)) - regular bipolar fuzzy graphs.

Remark 7.5. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is an odd cycle
of length greater than 5. Even if the alternate edges have same positive and same negative

membership values, then G need not be a (2,(c1,¢2)) - regular bipolar fuzzy graph.

u(.7,-.6)

v(.6,-.6)

(2,-.3)

x(.6,-.6) (:3,:5) w(.7,-.6)

Figure 12
Note that da(u) # da(v). Hence G is not a (2,(c1,c2)) - regular bipolar fuzzy graph.

Theorem 7.6. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a cycle of length
greater than 4. Let kg > ky and k4 > k3. Let m3 (e;) = k1 when i is odd and ko when i is even.
ms (e;) = k3 when i is odd and k4 when i is even. Then G is a (2,(c1,¢2)) - regular bipolar fuzzy

graph.

Proof: We prove the theorem in two cases.
Case (i): G* is an even cycle.

dg(vi) = (kl A ko, ks V k4) + (k’l A ko, ks V k4)

= (k:l, kg) + (k‘l, kg) = (2k1, 2]{3)
da(vi) = (c1,c2)wherecy = 2ky, co = 2ks
Hence G is a (2,(c1,c2)) - regular bipolar fuzzy graph.

Case(ii): G* is an odd cycle.
Let e1,e9......... eon+1 be the edges of G*

dy(v1) = (m3 (e1) Amy (e2),mg (e1) Vmy (e2)) + (m3 (ean) Amy (€2nt1),my (e20) VMg (e2n41))
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— (k1 A ko, ks V ka) + (ki A ko, ks V k)
= (k1,k3) + (k1,k3) = (2k1,2k3)
da(v1) = (
da(v2) = (m3 (e2) Am3 (e3),my (e2) V my (e3)) + (m3 (e1) Amy (eant1), my (1) V my (e2n11))
= (k1 Nko, k3 V kyg) + (k1 A ko, ks V kyq)
(k1,ks) + (ki,ks) = (2kq, 2k3)
do(ve) = (c1,c2) where ¢1 = 2k, co = 2ks.

c1,c2) where ¢; = 2k, co = 2k3

Proceeding like this we get da(vy,) = (c1,c2) where ¢1 = 2kg, co = 2ky.
Hence da(v;) = (c1,¢2). So G is a (2,(c1,c2)) - regular bipolar fuzzy graph. [ |

Remark 7.7. Theorem 7.6 holds good for totally (2,(c1,c2)) - regular bipolar fuzzy graphs if

all the vertices take same positive and same negative membership values.

Theorem 7.8. Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a cycle of length
length greater than 4 with

ki1 if iis odd,
my (e;) = and
ko if 11is even for some ko < k1.

~(e1) ks if iis odd,
ky if iis even for some k4 < k3.

where ko and k4 are not constants. Then G is (2,(c1,c2)) - regular bipolar fuzzy graph.

Proof: We prove the theorem in two cases.
Case (i): G* is an even cycle.
do(v;) = (k1 AN ko, ks V ka) + (k1 AN ko, ks V ky)
= (ko,ka) + (ko,kq) = (2k2,2ky)
da(v;) = (e1,c2) where ¢1 = 2ko, co = 2ky
Hence G is a (2,(c1,¢2)) - regular bipolar fuzzy graph.
Case(ii): G* is an odd cycle.
Let e, €9, ........ , €an+1 be the edges of G*.
da(v1) = (my (e1) Amy (e2),my (e1) Vimy (e2)) + (m3 (e2n) Ay (e2n41), My (e20) Vmy (e2n41))
= (k1 Nko, k3 V ky) + (k1 A ko, ks V kyq)
= (ka, ka) + (ko, ka) = (2ko, 2ky).
da(v1) = (e,
da(v2) = (m3 (e2) Amy (es),my (e2) Vmy (e3)) + (m3 (e1) Amg (e2ns1),my (e1) Vmy (e2n41))
= (k1 A ko, ks V ka) + (k1 A ko, ks V ka)
= (ko, kq) + (ko,kq) = (2ka, 2ky).
da(v2) = (c1,c2) where ¢1 = 2ka, co = 2ky.

c1,c2) where ¢ = 2ka, co = 2ky.
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Proceeding like this we get da(vy,) = (c1,c2) where ¢1 = 2kg, co = 2k4. Hence da(v;) = (c1,¢2).

So, G is a (2,(c1,c2)) - regular bipolar fuzzy graph. |

Remark 7.9. Theorem 7.8 holds good for totally (2,(c1,c2)) - regular bipolar fuzzy graphs if

all the vertices take the same positive and the same negative membership values.

References

1]

2]

[12]

[13]

Y. Alavi, G.Chartrand, F.R.K. Chung, P. Erdos, R.L. Graham and Ortrud R. Oellermann,
Highly irregular graphs, J. Graph Theory, 11(2)(1987), 235-249.

M. Akram and W. Dudek, Regular bipolar fuzzy graphs, Neural Computing and Applica-
tion, 1007/s00521-011-0772-6.

Alison Northup, A Study of semiregular graphs, Bachelors thesis, Stetson university (2002).

G.S. Bloom, J.K. Kennedy and L.V. Quintas, Distance degree reqular graphs, The Theory
and Applications of Graphs, Wiley, New York, (1981), 95-108.

J. A. Bondy and U.S.R. Murty, Graph Theory with Application, MacMillan, London (1979).

P. Bhattacharya, Some remarks on Fuzzy Graphs, Pattern Recognition Lett, 6(1987), 297-
302.

K.R. Bhutani, On Automorphism of fuzzy graphs, Pattern Recognition Lett, 12(1991),
413-420.

G. Chartrand, P. Erdos and O. R. Oellermann, How to define an irregular graph, College
Math. J., 19(1988), 36-42.

F. Harary, Graph Theory, Addison - Wesley, (1969).

John N.Moderson and Premchand S. Nair, Fuzzy graphs and Fuzzy hypergraphs Physica
verlag, Heidelberg(2000).

A Nagoor Gani and K. Radha, On Regular Fuzzy Graphs, Journal of Physical Sciences,
Volume 12(2008), 33-44.

N.R.Santhi Maheswari and C.Sekar, On (2, k)- reqular fuzzy graph and totally (2, k)- reqular
fuzzy graph International Journal of Mathematics and Soft computing 4(2)(2014)59-69.

A Rosenfeld, Fuzzy graphs, in: Fuzzy sets and their applications to Cognetive and Deci-
sion Processes (L.A. Zadeh, K.S. Fu, Tanaka and M. Shimura, EDs), Academic Press,
Newyork(1975), 77-95.



On (2, (c1,¢9)) - regular bipolar fuzzy graph 103

[14] N.R.Santhi Maheswari and C.Sekar, Some graph product in (r,2,k)- reqular graph, Inter-
national Journal of Mathematics and Soft computing, 4(2)(2014), 173-181.

[15] W.R.Zhang, Bipolar fuzzy set and relations: a computational frame work for cognitive

modelling and multiagent decision analysis, Proceedinf of IEEE conf., 305-309.

[16] L.A. Zadeh, Fuzzy sets, Information and control, 8(1965), 338-353.



