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ABSTRACT

In this paper, we defined ds-degree of a vertex in bipolar fuzzy graphs, total d; -degree of a vertex in bipolar fuzzy
graphs, (3, (cy, ¢y))-regular bipolar fuzzy graphs and totally (3, (¢, C,)) - regular bipolar fuzzy graphs. (3, (cy, C»))-
regular bipolar fuzzy graphs and totally (3, (c;, ¢»))-regular bipolar fuzzy graphs are compared through various
examples. A necessary and sufficient condition under which they are equivalent is provided. Also, (3, (Ci, Cy))-
regularity on some bipolar fuzzy graphs whose underlying crisp graphs are a path on six vertices P, a Corona graph
Cn o Ky (n>5), a Wagner graph and a cycle C, (n=5) is studied with some membership function. Some properties of
(3, (cy1, co))-regular bipolar fuzzy graphs studied and they are examined for totally (3, (¢, ¢;))-regular bipolar fuzzy
graphs.

Keywords: ds degree of a vertex in bipolar fuzzy graphs, total ds- degree of a vertex in bipolar fuzzy graphs,
(3, (c1, cp))-regular bipolar fuzzy graphs, totally (3, (ci, ¢,))-regular bipolar fuzzy graphs.

1. INTRODUCTION

In 1965, Lofti A. Zadeh introduced the concept of fuzzy subset of a set as method of representing the phenomena of
uncertainty in real life situation. In 1975, Azriel Rosenfeld introduced the concept of fuzzy graphs. It has been growing
fast and has numerous applications in various fields. Nagoor Gani and Radha introduced regular fuzzy graphs, total
degree and totally regular fuzzy graphs, In 1994 W.R.Zhang initiated the concept of bipolar fuzzy sets as generalisation
of fuzzy sets. S. Meena Devi and M. Andal introduced d; -degree of a vertex in fuzzy graphs and discussed some
properties of ds-degree of a vertex in fuzzy graphs. Bipolar fuzzy sets are extension of fuzzy sets with membership
values in [-1, 1]. Throughout this paper, the vertices take the membership values (mf, m7) and edges take the
membership values (m3, m3) where mf,m? € [0, 1] and my,m; € [-1,0].

2. PRELIMINARIES

Definition 2.1: For a given graph G, the ds;-degree of a vertex v in G, denoted by ds(v) means number of vertices at a
distance three away from v.

Definition 2.2: A graph G is said to be (3, k)-regular (d; —regular) if ds(v) = k, for all v in G. We observe that (3, k)-
regular and ds-regular graphs are same.

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

A fuzzy graph G is complete if p(uv) = o(u) A o(u) for all u, v € V where uv denotes the edge between u and v.

Definition 2.4: Let G: (o, p) be fuzzy graph. The degree of a vertex u is dg (U) = X yzy u(uv) for uv € E and p(uv) =0
for uv not in E, this equivalent to dg (u) = Y.,veg 1(uv)
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The minimum degree of G is & (G) = A {d (v): véV}.
The maximum degree of G is A(G) =V {d (v): v€V}.
The order of a fuzzy graph is O (G) =X o(u).

Definition 2.5: The strength of connectedness between two vertices u and v is p™(uv)=sup{p*(uv) / k = 1,2,....}
where (uv) = sup{p(uu)Ap(uu)A...... Ap(ueaV)|ug Uy, Ugs€ V3.

Definition 2.6: The Wagner graph is a 3-regular with 8 vertices and 12 edges.

Definition 2.7: The Corona of two graphs G; and G; is the graph G = G; 0 G, formed from one copy of G; and |v(G,)|
copies of G, where i" vertex of G, is adjacent to every vertex in the i copy of G,
[Note that G, is a cycle of length> 5 and G, is K{].

Example 2.8:

C-; (a] Kl
Figure-1

Definition 2.9: A bipolar fuzzy graph with an underlying set V is defined to be the pair G = (A, B) where
A= (mf, m7) is a bipolar fuzzy set on V and B = (m}, m3) is a bipolar fuzzy set on E such that mJ (x, y) < min {(m{
(x), mf (y)} and m3 (X, y) > max {m7 (x), my (y)} for all (x, 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 2.10: The positive degree of a vertex u € G is d"(u) = mJ (u, v). The negative degree of a vertex u € G is
d (u) =m; (u, v). The degree of the vertex u is defined as d(u)= (d*(u), d (u)).

Definition 2.11: Let G = (A, B) be a bipolar fuzzy graph where A = (mf, m7) and B = (mJ, m3) 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 2.12: Let G = (A, B) be a bipolar fuzzy graph where A = (m}, m7) and B = (m, m3) be two bipolar fuzzy
sets on a non-empty finite set \VV . G is said to be a totally regular bipolar fuzzy graph if all the vertices of G has same
total degree (Kki, ky). It is denoted by (k;, k) - totally regular bipolar fuzzy graph.

3. d;-DEGREE AND TOTAL D;-DEGREE OF A VERTEX IN BIPOLAR FUZZY GRAPHS

Definition 3.1: Let G = (A, B) be a bipolar fuzzy graph. The positive d; - degree of a vertex u € G is defined as
di(u) = mf'”(u, v) where mf’”(u, v) = sup {mI(u, u;) A m¥ (ug, U)A m3 (U, V) : u,ug,U,V }is the shortest path
connecting u and v of length 3. The negative d; - degree of a vertex u € G is defined as d3(u) = m§3‘_)(u, v) where
m§3’_)(u, v) = inf {m3(u, uy) v m3 (ug, Up) V m3 (Uy, V) : U,ug,Up,V }is the shortest path connecting u and v of length 3.
Also p(uv)=0, for uv not in E.

The d; - degree of a vertex u € G is defined as da(u) = (d3 (u), d3 (u))
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The minimum d;z degree of G is 83 (G) = A {d3 (v): VEV}.
The maximum d; degree of G is A3 (G) = V {d; (v): veV}.

Example 3.2: Let G = (A, B) be a bipolar fuzzy graph, where A = (mf, m7) and B = (mJ, m3) are two bipolar fuzzy
sets on a non-empty finite set V and E € VxV. Where V = {vy, Vs, V3, V4, V5}.

V1(0.3,—0.4)

(0.3.-0.4) (0.3.-0.3)

V:(0.6,—0.5 v,(0.4,—0.6)

(0.2, 0.3) (04.-0.5)

V4(0.2,—0.3) ( 0.1,-0.3) v,(0.7,—0.7)
Figure-2

Here, ds(v:) = (0.3 A 0.2 A 0.1, -0.4v-0.3V -0.3) + (0.3 A 0.4 A 0.1, -0.3v-0.5v-0.3) = (0.1, -0.3) + (0.1, -0.3)
= (0.2, -0.6).

ds(Vz) = (0.3 A 0.3 A 0.2, -0.3v-0.4v-0.3) + (0.4 A 0.1 A 0.2, -0.5v-0.3v-0.3) = (0.2, -0.3) + (0.1, -0.3)
= (0.3, -0.6)

ds(V3) = (0.4 A 0.3 A 0.3, -0.5v-0.3v-0.4) + (0.1 A 0.2 A 0.3, -0.3v-0.3v-0.4) = (0.3, -0.3) + (0.1, -0.3)
= (0.4, -0.6).

ds(Vs) = (0.1 A 0.4 A 0.3, -0.3v-0.5v-0.3 + (0.2 A 0.3 A 0.3, -0.3v-0.4v-0.3) = (0.1, -0.3) + (0.2, -0.3)
= (0.3, -0.6).

da(Vs) = (0.2 A 0.1 A 0.4, -0.3v-0.3v-0.5) + (0.3 A 0.3 A 0.4, -0.4v-0.3v-0.5) = (0.1, -0.3) + (0.3, -0.3)
= (0.4, -0.6).

Example 3.3: Let G = (A, B) be a bipolar fuzzy graph, where A = (m{, my) and B = (mJ, m3) are two bipolar fuzzy
sets on a non-empty finite set V and E € VxV. Where V = {vy, V,, V3, V4, Vs Ve}.

Vi(0.3,-04)
(0.3, -0.2) (0.3, 0.3)

(0.6. -0.3)V4 V1(0.4. 0.6)
(0.2. 0.1) (0.4, -0.4)
(0.2. 0.1)V; 75(0.7. 0.5)
(0.2, -0.1) (0.4, -0.2)

V(0.5.-02)

Figure-3

Here, ds(v1) = (0.3 A 0.2 A 0.2, 0.2-0.1v-0.1) + (0.3 A 0.4 A 0.4, -0.3v-0.4v-0.2) = (0.2, -0.1) + (0.3, -0.2)
= (05, -0.3).

ds(vz) = (0.3 A 0.3 A 0.2, -0.3v-0.2v-0.1} + (0.4 A 0.4 A 0.2, -0.4v-0.2v-0.1) = (0.2, -0.1) + (0.2, -0.1)
= (0.4, -0.2).

da(v3) = (0.4 A 0.3 A 0.3, -0.4v-0.3v-0.2) + (0.4 A 0.2 A 0.2, -0.2v-0.1v-0.1) = (0.3, -0.2) + (0.2, -0.1)
= (0.5, -0.3).

da(Va) = (0.4 A 0.4 A 0.3, -0.2v-0.4v-0.3) + (0.2 A 0.2A 0.3, -0.1v-0.1v-0.2) = (0.3, -0.2) + (0.2, -0.1)
= (0.5, -0.3).
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da(Vs) = (0.2 A 0.4 A 0.4, -0.1v-0.2v-0.4) + (0.2 A 0.3 A 0.3, -0.1v-0.2v-0.3) = (0.2, -0.1) + (0.2, -0.1)
=(0.4,-0.2).

da(Ve) = (0.2 A 0.2 A 0.4, -0.1v-0.1v-0.2) + (0.3 A 0.3 A 0.4, -0.2v-0.3v-0.4) = (0.2, -0.1) + (0.3, -0.2)
=(05,-0.3).

Definition 3.4: 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) = m3 (u, v) + mf( (u) and td (u) = m3 (u, v) +my (u).

The minimum tds-degree of G is t33(G) = A{td3(Vv) : v € V}.
The maximum tds-degree of G is tA3(G) = v{tds(v) : v € V}.

Example 3.5: Let G = (A, B) be a bipolar fuzzy graph, where A = (m}, m7) and B = (mJ, m3) are two bipolar fuzzy
sets on a non-empty finite set V and E € VxV. Where V = {vy, V,, V3, V4, Vs Vg}-.

02-03) _(0.3,04) (04,02 (0502 (0.6 02
(@3 03) 0% 05) w5, 074) w6, 07) w0, 03) vl 05)

Figure-4

Here, ds(v1) = (0.2 A 0.3 A 0.4, -0.3v-0.4v-0.2) = (0.2, -0.2) .
ds(V5) = (0.3 A 0.4 A 0.5, -0.4v-0.2v-0.2) = (0.3, -0.2) .
ds(Vs) = (0.4 A 0.5 A 0.6, -0.2v-0.2v-0.2) = (0.4, -0.2) .
da(Vs) = (0.4 A 0.3 A 0.2, -0.2v-0.4v-0.3) = (0.2, -0.2) .
da(vs) = (0.5 A 0.4 A 0.3, -0.2v-0.2v-0.4) = (0.3, -0.2) .
da(Ve) = (0.6 A 0.5 A 0.4, -0.2v-0.2v-0.2) = (0.4, -0.2) .
tda(vy) = (0.2, -0.2) + (0.3, -0.3) = (0.5, -0.5).

tds(v,) = (0.3, -0.2) + (0.4, -0.5) = (0.7, -0.7).

tds(vs) = (0.4, -0.2) + (0.5, -0.4) = (0.9, -0.6).

tds(vs) = (0.2, -0.2) + (0.6, -0.2) = (0.8, -0.4).

tds(vs) = (0.3, -0.2) + (0.7, -0.3) = (1.0, -0.5).

tds(ve) = (0.4, -0.2) + (0.8, -0.5) = (1.2, -0.7).

4. (3, (c1, C2))-REGULAR AND TOTALLY (3, (cy, ¢,))-REGULAR BIPOLAR FUZZY GRAPHS

Definition 4.1: Let G = (A, B) be a bipolar fuzzy graph. If ds(u) = (c4, ¢,) for all u € V, then G is said to be a (3, (¢1,C»))
- regular bipolar fuzzy graph.

Example 4.2: Let G = (A, B) be a bipolar fuzzy graph where A = (m, my) and B = (m,", m, ) be two bipolar fuzzy
sets on a non-empty finite set V and E € VXV, where V = {vy, V,, V3, V4 Vs, Vg.

(0.3.-04)  (03,04) (03.-04)  (03.-04) 03,04
& L L L L 9
v(03,-04) ¥,(04.-05) vi(0.5.-0.6) vi(0.6,-0.7) wvs(0.7,-0.8) ve(0.8,-0.9)

Figure-5

Here d3(V1) = (03, '0.4), d3(V2) = (03, '0.4), d3(V3) = (03, '0.4), dg(V4) = (03, '0.4), dg(V5) = (03, '0.4), dg(VG) = (03, -
0.4). So, G is (3, (0.3, -0.4))- regular bipolar fuzzy graph.

Example 4.3: Let G = ( A, B) be a bipolar fuzzy graph where A = (m}, my) and B = (m$, m3) be two bipolar fuzzy
sets on a non-empty finite set VV and E € VxV, where V = {vy, V,, V3, V4 Vs}.

V1(0.3,02)

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

Vi(0.7. 06 v2(0.4. 0.3)
(0.4. 0.3) (0.4.-0.3)
V.(0.6, -0.5) vs(0.5, -0.4)

Figure-6
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Here, d3(vi) = (0.6, -0.4), ds(v,) = (0.6, -0.4), ds(v3) = (0.6, -0.4), ds(v4) = (0.6, -0.4), ds(vs) = (0.6, -0.4). So G is
(3, (0.6, -0.4))- regular bipolar fuzzy graph.

Example 4.4: Let G = (A, B) be a bipolar fuzzy graph where A = (m}, my) and B = (m3, m3) be two bipolar fuzzy
sets on a non-empty finite set V and E € VXV, where V = {vy, V, , V3, V4 V5 Vg V7, Vg}.

v1(0.2, -0.1) (0.2,-0.1) v2(0.3,-0.2)
02.-01)/ [(02.01) (03.-02\(03.-02)
vs (0.9, -0.8) (0.2.-0.1) vs(04, -0.3)
02, -0.1) 0.2,-0.1)
v-{0.8. -0.7) (03.02) vs(0.5. -0.4)
(03.-0.2) (03.-0.2)
vs (0.7.0.6) (02.-0.1)  vs(0.6,-0.5)
Figure-7

Here, da(v4) = (0.2A0.2A0.3, -0.1-0.1v-0.2) + ( 0.2A0.2A0.2, -0.1v-0.1v-0.1) + (0.2A0.310.2, -0.1v-0.2v-0.1)
+(0.2A0.3A0.3,-0.1v-0.2v-0.2) + (0.2 A 0.2 A 0.3, -0.1v-0.1v-0.2)
=(0.2,-0.1) +(0.2,-0.1) + (0.2, -0.1) + (0.2, -0.1) + (0.2, -0.1) = (1.0, -0.5)

ds(V2) = (0.2 A 0.2 A 0.2,-0.1v-0.1v-0.1) + (0.2 A 0.2 A 0.3, -0.1v-0.1v-0.2) + (0.3A0.2A0.3, -0.2v-0.1v-0.2}
+(0.3A0.2A0.2,-0.2v-0.1v-0.1) + (0.3 A 0.2 A 0.3, -0.2v-0.1v-0.2)
= (1.0, -0.5)

da(Vs) = (0.3 A 0.2 A 0.2, -0.2v-0.1v-0.1) + (0.3 A 0.3 A 0.2, -0.2v-0.2v-0.1) + (0.2 A 0.3 A 0.2, -0.1v-0.2v-0.1)
+(0.2 A 0.3 A0.3,-0.1v-0.2v-0.2) + (0.2 A 0.2 A 0.3, -0.1v-0.1v-0.2)
= (1.0, -0.5)

da(va) = (0.2 A 0.3 A 0.2,-0.1v-0.2v-0.1) + (0.2 A 0.2 A 0.2, -0.1v-0.1v-0.1) + (0.3 A 0.2 A 0.2, -0.2v-0.1v-0.1)
+(0.3A0.3A0.2,-0.2v-0.2v-0.1) + (0.3 A 0.2 A 0.2, -0.2v-0.1v-0.1)
= (1.0, -0.5)

ds(Vs) = (0.3 A 0.2 A0.2,-0.2v-0.1v-0.1) + (0.3 A 0.3 A 0.2, -0.2v-0.2v-0.1) + (0.2 A 0.3A 0.2, -0.1v-0.2v-0.1)
+(0.2A02A0.2,-0.1v-0.1v-0.1) + (0.3 A 0.2 A 0.2, -0.2V-0.1v-0.1)
= (1.0, -0.5)

da(Ve) = (0.2 A 0.3 A 0.2, -0.1v-0.2v-0.1) + (0.2 A 0.3 A 0.3, -0.1v-0.2v-0.2) + (0.3 A 0.2 A0.2, -0.2V-0.1v-0.1)
+(0.3A0.3A0.2,-0.2v-0.2v-0.1) + (0.2 A 0.2 A 0.3, -0.1v-0.1v-0.2)
= (1.0, -0.5)

ds(v7) =(0.3A0.2A0.3,-0.2v-0.1v-0.2) + (0.3 A 0.2 A 0.2,-0.2v-0.1v-0.1) + (0.2 A 0.2 A0.2, -0.1v-0.1v-0.1)
+(0.2A02A0.3,-0.1v-0.1v-0.2) + (0.3 A 0.2 A 0.3, -0.2v-0.1V-0.2)
=02+02+02+02+0.2=1.0
da(vg) =(0.2A70.3A0.2,-0.1v-0.2v-0.1) + (0.2 A 0.3 A 0.3,-0.1v-0.2v-0.2) + (0.2 A 0.2 A0.3, -0.2v-0.2v-0.2)
+(0.2A02A0.2,-0.1v-0.1v-0.1) + (0.2 A 0.2 A 0.3, -0.1Vv-0.1v-0.2)
= (1.0, -0.5)
So G is (3, (1.0, -0.5))- regular bipolar fuzzy graph.

Example 4.5: Let G = (A, B) be a bipolar fuzzy graph where A = (mf, m7) and B = (mJ, m3) be two bipolar fuzzy
sets on a non-empty finite set VV and E € VxV, where V = {vy, Vy, V3, V4 Vs Vg V7 Vg Vg Vig}-
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¥1(0.2, -0.3)

(0.2. 03)

v2(0.3.-0.4)
(0.6, -0.T)v1o

02.03) (02.03) 203)  (03,-04) v:(05,-06)

(0.3, -04)

(0.8, 0.9) v- (0.2.03) v+(0.6, -0.7)

(0.3, 0.4) (0.2, 0.3)

(0.9, -0.8)vs v6(0.7. -0.8)

Figure 8

Here, d(v1) = (0.2A0.2A0.3, 0.3v-0.3v-0.4) + (0.2A0.2A0.3, -0.3v-0.3v-0.4) + (0.2A0.2A0.3, -0.3v-0.3v-0.4)
+(0.2A0.2A0.2, -0.3v-0.3v-0.3) = (0.8, -1.2) .

da(V) = (0.2A0.3A0.2, -0.3v-0.4v-0.3 ) + (0.2A0.3A0.2, -0.3v-0.4v-0.3) + (0.2A0.3A 0.2, -0.3v-0.4v-0.3)
+(0.2 A0.370.3, -0.3v-0.4v-0.4) = (0.8, -1.2).

da(Vs) = (0.3A0.2A0.3, -0.4v-0.3V-0.4) + (0.3A0.2A0.3, -0.4v-0.3v-0.4) + (0.2A0.2A0.2, -0.3v-0.3-0.3)
+(0.2A0.2 A0.3, -0.3v-0.3v-0.4) = (0.8, -1.2).

da(Va) = (0.3 A0.2A0.2, -0.4v-0.3v-0.3) + (0.3A0.2A0.2, -0.4v-0.3v-0.3) + (0.3A0.3 A 0.2, -0.4v-0.4V-0.3)
+(0.3A03A0.2,-0.4v-0.4v-0.3) = (0.8, -1.2).

da(Vs) = (0.3 A0.2A0.2, -0.4v-0.3v-0.3) + (0.3A0.2A0.2, -0.4v-0.3v-0.3) + (0.2A0.3A 0.2, -0.3v-0.4v-0.3)
+(02A0.3A0.2,-0.3v-0.4v-0.3) = (0.8, -1.2).

ds(Vs) = (0.2A0.310.2, -0.3v-0.4v-0.3) + (0.2A0.3A0.3, -0.3v-0.4v-0.4) + (0.2A0.2 A 0.3, -0.3v-0.3v-0.4)
+(02A02A0.3,-0.3v-0.3v-0.4) = (0.8, -1.2).

da(v7) = (0.3A0.2A0.2, -0.4v-0.3v-0.3) + (0.3A0.2A0.2, -0.4v-0.3v-0.3) + (0.2A0.3A 0.2, -0.3v-0.4v-0.3)
+(0.2A0.3A0.3,-0.3v-0.4v-0.4) = (0.8, -1.2).

da(Vg) = (0.3A0.3A0.2, -0.4v-0.4v-0.3) + (0.3A0.2A0.3, -0.4v-0.3v-0.4) + (0.3A0.2A 0.2, -0.4v-0.3v-0.3)
+(0.370.370.2, -0.4v-0.4v-0.3) = (0.8, -1.2).

da(Vs) = (0.2A0.2A0.3, -0.3v-0.3v-0.4) + (0.3A0.2A0.3, -0.4v-0.3v-0.4) + (0.2A 0.2A0.3, -0.3v-0.3v-0.4)
+(0.3A02A0.2,-0.4v-0.3v-0.3) = (0.8, -1.2).

ds(Vio) = (0.2A0.2A0.2, -0.3v-0.3v-0.3) + (0.2A0.3A0.2, -0.3v-0.4v-0.3) + (0.2A0.3A 0.3, -0.3v-0.4v-0.4)
+(0.2A 0.2 A0.2,-0.3v-0.3v-0.3) = (0.8, -1.2).

So G is (3, (0.8, -1.2))- regular bipolar fuzzy graph.

Definition 4.6: Let G = (A, B) be a bipolar fuzzy graph. If each vertex of G has same total d; - degree, then G is said to
be totally (3, (cy, ¢;)) - regular bipolar fuzzy graph.

Example 4.7: Let G = (A, B) be a bipolar fuzzy graph where A = (m;}, my) and B = (m}, m3) be two bipolar fuzzy
sets on a non-empty finite set VV and E € VxV, where V = {v, v, V3, V4 Vs}.
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V1(0.5, -0.5)

(0.2.-0.2) (0.2.-0.2)

(0.5. 0.5 v:(0.5, 0.5)
(0.3.0.3) (0.3.-0.3)
(0.5, 0.5)vs v5(0.5, 0.5)

Figure-9

Here, dg(Vl) = (04, '0.4), d3(V2) = (04, '0.4), d3(V3) = (04, '0.4), d3(V4) = (04, '0.4), d3(V5) = (04, '04) and tdg(Vl) =
(0.9, -0.9), tds(v,) = (0.9,-0.9), tds(vs) = (0.9, -0.9), tds(v4) = (0.9, -0.9), td3(vs) = (0.9, -0.9). Each vertex has same total
ds-degree (0.9, -0.9). Hence G is totally (3, (0.9, -0.9))-regular bipolar fuzzy graph.

Example 4.8: A totally (3, (c4, ¢5))-regular bipolar fuzzy graph need not be a (3, (¢4, ¢5))-regular bipolar fuzzy graph.

Let G = (A, B) be a bipolar fuzzy graph where A = (m}, m7) and B = (mJ, m3) be two bipolar fuzzy sets on a non-
empty finite set V and E € VxV, where V = {vi, V,, V3, V4 Vs}.

V1(0.6, -0.4)

(0.4, 0.3) (0.2.-0.2)
(0.6. -0.3)v; v2(0.6, -0.3)
(04.03) (0.2. 0.2)

(0.6. -0.3)vs vi(0.5. 0.3)

Figure-10

Here, da(vi) = (0.5, -0.2), d3(v,) = (0.4, -0.3), d3(v3) = (0.5, -0.3), ds(v4) = (0.4, -0.3), ds(vs) = (0.4, -0.3) and
tds(vy) = (1.0, -0.6), tds(v,) = (1.0, -0.6), tds(v3) = (1.0, -0.6), tds(v4) = (1.0, -0.6), tds(vs) = (1.0, -0.6). Each vertex has
same total ds-degree (1.0, -0.6). Hence G is totally (3, (1.0, -0.6))-regular bipolar fuzzy graph. But G is not (3, (c;, ¢;))-
regular bipolar fuzzy graph.

Example 4.9: A (3, (cy, Cy))-regular bipolar fuzzy graph need not be a totally (3, (¢4, ¢,))-regular bipolar fuzzy graph.

Let G = (A, B) be a bipolar fuzzy graph where A = (m}, m7) and B = (mJ, m3) be two bipolar fuzzy sets on a non-
empty finite set V and E € VxV, where V = {v;, Vy, V3, V4 V5 Vg}.

V(03,04

(0.2. 0.3) (0.2.-0.2)

(0.5.-0.4)V, V204, -0.5)
(0.2, -0.3) (02, -03)
(0.4, -0.5)V; V3(0.5, -0.6)
(02 -02 2,02
V4(0.6,-0.7)
Figure-11
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Here, dg(Vl) = (04, '0.4), d3(V2) = (04, '0.4), d3(V3) = (04, '0.4), d3(V4) = (04, '0.4), d3(V5) = (04, '0.4), dg(VG) = (04,
-0.4) and tds(v;) = (0.7, -0.8), tds(v,) = (0.8, -0.9), tds(vs) = (0.9, -1.0), tds(vs) = (1.0, -1.1), tds(vs) = (0.8, -0.9),
tds(ve) = (0.9, -0.8). Each vertex has same ds-degree (0.4, -0.4). So, G is (3, (0.4, -0.4))-regular bipolar fuzzy graph.
But G is not a totally (3, (cy, ¢;))-regular bipolar fuzzy graph.

Example 4.10: A (3, (cy, ¢,))-regular fuzzy graph which is totally (3, (cy, ¢,))-regular fuzzy graph.

Let G = (A, B) be a bipolar fuzzy graph where A = (m{, my) and B = (mJ, m3) be two bipolar fuzzy sets on a non-
empty finite set V and E € VXV, where V = {vy, V5, V3, V4 V5 Ve}.

V1(0.5, -0.5)

(0.4.-04) (04.-04)

(0.5, -0.5)V V2(0.5.-0.5)
(04.-04) (04.-04)
(0.5, -0.5)V V3(0.5,-0.5)
(0.4, -0. (04.-04)

Va(0.3.70.3)
Figure-12

Here, d3(V1) = (08, '0.8), d3(V2) = (08, '0.8), d3(V3) = (08, '0.8), d3(V4) = (08, '0.8), d3(V5) = (08, '0.8),
dg(VG) = (08, '08) and tdg(Vl) :(1.3, '1.3), tdg(Vz) = (13, '1.3), tdg(Vg) = 13, tdg(V4) = (13, '1.3), tdg(Vs) = (13, '13)
tds(ve) = (1.3, -1.3). Each vertex has the same ds-degree (0.8, -0.8). So, G is a (3, (0.8, -0.8))-regular bipolar fuzzy
graph. Each vertex has the same total ds-degree (1.3, -1.3). Hence G is a totally (3, (1.3, -1.3))-regular bipolar fuzzy
graph.

Theorem 4.11: Let G = (A, B) be a bipolar fuzzy graph on G*(V, E). Then A(u) = (ky, k,) for all u € V if and only if
the following conditions are equivalent.

i). G= (A, B)isa(3, (ci, Cp)) - regular bipolar fuzzy graph.

ii). G = (A, B) is a totally (3, (c; + kg, ¢, + ky)) - regular bipolar fuzzy graph.

Proof: Suppose A(u) = (k;, ky) forallu e V.

Assume that G is a (3, (Cy, Cy)) - regular bipolar fuzzy graph, then ds(u) = (cy, ¢,) forallu e V.
So tds(u) = da(u) + A(u) = (cy, C,) + (Ky, K2) = (€1 + Ky, €y + ko).

Hence G is a totally (3, (¢, + ki, ¢, + k»)) - regular bipolar fuzzy graph.

Thus (i) = (ii) is proved.

Suppose G is a totally (3, (c; + Ky, €, + kp)) - regular bipolar fuzzy graph.
= tda(u) = (cy + kg, c; + ky) forallu e V

= d3(U) + A(U) = (Cl + kl, C, + kz) foralluev

= d3(U) + (kl, kz) = (Cl, Cz) + (kl, kz) foralluev

= d3(u) =(cy, ¢y forallue v

Hence G is a (3, (cy,c2)) - regular bipolar fuzzy graph.
Thus (i) and (ii) are equivalent.

Conversely assume that (i) and (ii) are equivalent.

Let G be a (3, (cy, C,)) - regular bipolar fuzzy graph and totally (3, (c; + ki, €, + k,)) - regular bipolar fuzzy graph.
= tds(u) = (cy + kg, ¢, + ky) and ds(u) = (¢, ¢,) forallu e V

= ds(u) + A(u) = (c1 + ky, ¢, + ky) and da(u) = (¢4, ;) forallu e V

= ds(u) + A(u) = (cy, ) + (Kg, ko) and da(u) = (¢4, C,) forallu e V

= A() = (k, ky) forallue V.
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Hence A(u) = (ky, k,) forallue V.

Theorem 4.12: If a bipolar fuzzy graph G is both (3, (c;, ¢,))-regular and totally (3, (c;, cy))-regular then A(u) is
constant function.

Proof: Let G be (3, (cy, ¢,)) -regular and totally (3, (cy, ¢,)) —regular bipolar fuzzy graph.
Then ds(u) = (ky, ko) and tds (u) = (ks, kg) forallu e V.

Now tds(u) = (ks ky) forallu e V.

= da(u)+ A(u) = (ks, ky) forallue V.
= (ky, kp) + A(u) = (ks, ky) forallueV.
= A(U) = (ks, kg) — (ky, ko) forallue V.
Hence A(u) is a constant function.

Remark 4.13: The converse of theorem 4.12 is not true.

Let G = (A, B) be a bipolar fuzzy graph where A = (m{, my) and B = (mJ, m3) be two bipolar fuzzy sets on a non-
empty finite set V and E € VxV, where V = {v;, vV, , V3, V4 Vs}.

V1(0.3, -0.5)
(0.2, -0.3) (0.2,-0.3)
(0.3, -0.5)vs v2(0.5, -0.5)
(0.3.-0.4) (03.-04)
(0.5, -0.5)v4 v3(0.3,-0.5)

Figure-13

Here, da(vy) = (0.4, -0.4), ds(v,) = (0.4, -0.5), ds(vs) = (0.4, -0.5), da(vs) = (0.4, -0.5), ds(vs) = (0.4, -0.5) and
tda(vy) = (0.9, -0.9), tds(v2) = (0.9,-1.0), tds(vs) = (0.9, -1.0), tds(v4) = (0.9, -1.0), tds(vs) = (0.9, -1.0). Here, A(u) is a
constant function. But G is neither (3, k)-regular bipolar fuzzy graph nor totally (3, k)-regular bipolar fuzzy graph.

5. (3, (c1, ¢))-REGULAR BIPOLAR FUZZY GRAPHS ON A PATH ON 6 VERTICES WITH SOME
SPECIFIC MEMBERSHIP FUNCTIONS

In this section (3, (¢, ¢y))-regularity and totally (3, (¢, ¢,))-regularity on bipolar fuzzy graph whose underlying crisp
graph is a path on 6 vertices is studied with some specific membership functions.

Theorem 5.1: Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a path on six vertices. If B is a constant
function then G is a (3, (ky, k»)) - regular bipolar fuzzy graph.

Proof: Suppose that B is a constant function, say B (uv) = (ky, ky), for all uv € E. Then ds(u) = (ky, k»). Hence G is
(3, (kq, ko)) - 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, E) is a path on six vertices.

(03,-02)  (03,-02) (04,-03) (03,02 (0.3,-02)
@ L L L L L

v1(03.-02) v2(04.-03) v3(0.5,-0.4) v4(0.6,-0.3) vs(0.7.-06) ws(0.8. -0.7)
Figure-14

Here, d3(V1) = (03, '0.2), d3(V2) = (03, '0.2), dg(Vg) = (03, '0.2), dg(V4) = (03, '0.2), d3(V5) = (03, '0.2),
ds(ve) = (0.3, -0.2). Hence G is (3, (0.3, -0.2)) - 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 six vertices. If alternate edges
have the same membership values then G is a (3, (ki ky)) - regular bipolar fuzzy graph where

(ky, k) =min{(cy, c; ), (3,4 )}

© 2018, IJIMA. All Rights Reserved 143



M. Andal*, S. Meena Devi / A Study On (3, (c,, ¢;)) - Regular Bipolar Fuzzy Graph / IIMA- 9(1), Jan.-2018.

(c1,¢p)if iis odd
(c3,cq) ifilis even}'

Proof: If alternate edges have same membership values, then u(e;) ={
If (cy,c2)= (c3,c4), then B is constant function. So G is (3, (¢, ¢, )) -regular bipolar fuzzy graph.

If (c1,c3) <(c3, ¢4 ), then ds(v) = (cq, ¢, ), forall ve V. So G is (3, (¢, ¢, ))-regular bipolar fuzzy graph.

If (c1,c3) >(c3, ¢4 ), then ds(v) = (c3, ¢4 ), forall ve V. So G is (3, (c3, ¢4 ))-regular bipolar fuzzy graph.

Theorem 5.4: Let G = (A, B) be a bipolar fuzzy graph such that G*(V, E) is a path on six 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 (3, (¢4, Cy)) - regular bipolar fuzzy
graph where ¢, and ¢, are membership values of the middle edge.

For example, consider G = (A, B) be bipolar fuzzy graph such that G*(V, E) is a path on six vertices.

03.02)  (04.-0.3) (02.-0.1) (0.5 0.4) (0.6, 0.5)
® & & L L L

vi(0.3.02)  vi(04,03) vi(0.5,-04) w06 -035) vs(0.7.-06) vs{0.8, -0.7)

Figure-15

Here, d3(V1) = (02, '0.1), d3(V2) = (02, '0.1), d3(V3) = (02, '0.1), d3(V4) = (02, '0.1), d3(V5) = (02, '0.1),
ds(ve) = (0.2, -0.1). Hence G is (3, (0.2, -0.1)) — 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 (3, (cy,c,)) - regular
bipolar fuzzy graphs.

6. (3, (cy, C))-REGULAR BIPOLAR FUZZY GRAPHS ON WAGNER GRAPH WITH SOME SPECIFIC
MEMBERSHIP FUNCTION

In this section (3, (¢, ¢,))-regularity and totally (3, (¢4, ¢,))-regularity on bipolar fuzzy graph whose underlying crisp
graph is a Wagner graph is studied with some specific membership function.

Theorem 6.1: Let G: (A, B) be a bipolar fuzzy graph such that G™: (V, E) is Wagner graph. If B is constant function,
then G is (3, (5¢1, 5¢,)) - regular bipolar fuzzy graph.

Proof: Suppose that, B is constant function say B(uv) = ¢ for uv € E. Then ds(v) = (5¢4, 5¢,) for all v €V.
Hence G is a (3, (5¢y, 5¢,)) — regular bipolar fuzzy graph.
Remark 6.2: Converse of the theorem 6.1 need not be true.

For example, Consider G: (A, B) be a bipolar fuzzy graph such that G™:(V, E) is Wagner graph.
vi(02.-0.1) (02,-01) v2(03,-02)

02,01y [(02,-0.1) (0.3.-02)\ (0.3.-0.2)
vz (0.9.-0.8) (0.2,.-0.1) vi(0.4, -0.3)
(02,-0.1) (0.2,-0.1)
v+(0.8.-0.7) (03.-02) va(0.5.-0.4)
03,02 03,-02
vs (0.7.-0.6) (0.2.-0.1) vs (0.6, -0.5)
Figure-16

Here, d3(V1) = (10, '0.5), d3(V2) = (10, '0.5), d3(V3) = (10, '0.5), d3(V4) = (10, '0.5), d3(V5) = (10, '0.5),
ds(ve) = (1.0, -0.5), ds(v7) = (1.0, -0.5), ds(vg) = (1.0, -0.5). So, G is (3, (1.0, -0.5))-regular bipolar fuzzy graph. But B
is not a constant function.
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Remark 6.3: The theorem 6.1 does not hold for totally (3, (c, ¢,)) — regular bipolar fuzzy graphs.
v1(0.2, -0.1) (0.2,-0.1) vy (0.3, -0.2)

(02,-01)/((02,-0.1) (02,-0.1)] \(0.2, -0.1)

v (0.9, -0.8) (0.2,-0.1) vi(0.4, -0.3)
(02,-01) (02,-0.1)
v,{0.8,-0.7) (02.-01) vy(0.5,-04)
(02,01 02,-01)

ve (0.7, -0. (0.2.-01) :(0.6, -0.3)
Figure-17

Here, d3(V1) = (10, '0.5), d3(V2) = (10, '0.5), d3(V3) = (10, '0.5), d3(V4) = (10, '0.5), d3(V5) = (10, '0.5),
ds(ve) = (1.0, -0.5), ds(v;) = (1.0, -0.5), ds(vg) = (1.0, -0.5) and tds(v;) = (1.2, -0.6), tda(v,) = (1.3, -0.7),
td3(V3) = (14, '0.8), td3(V4) = (15, '0.9), tdg(Vs) = (16, '1.0), tdg(VG) = (17, '1.1), td3(V7) = (18, '1.2),
tds(ve) = (1.9, -1.3). Hence G is (3, (1.0, -0.5)) - regular bipolar fuzzy graph but not totally (3, (c,, ¢,))-regular bipolar
fuzzy graph. But B is a constant function.

7. (3, (€1, ¢))-REGULAR BIPOLAR FUZZY GRAPHS ON CORONA GRAPH WITH SOME SPECIFIC
MEMBERSHIP FUNCTION

In this section (3, (cy, Cy))-regularity and totally (3, ¢y, ¢;))-regularity on bipolar fuzzy graph whose underlying crisp
graph is a Corona graph is studied with some specific membership function.

Theorem 7.1: Let G: (A, B) be a bipolar fuzzy graph such that G™: (V, E) is Corona graph C,° K, wheren>5. If Bisa
constant function, then G is (3, (4cy, 4c¢,)) - regular bipolar fuzzy graph.

Proof: Suppose that, B is a constant function say B(uv) = (¢4, ¢,) for all u v € E , then ds(v) = (4cy, 4c,) for all v V.
Hence G is (3, (4c,, 4¢,)) — regular bipolar fuzzy graph.
Remark 7.2: Converse of the theorem 7.1 need not be true.

For example, Consider G: (A, B) be a bipolar fuzzy graph such that G™: (V, E) is Corona graph.

v1(0.2, 0.3)

(0.2, -0.3)

v2(03, -0.4)

(0.6, -0.7)v1e

0.2.-03)  (0.2.-0.3) 2N-03)  (0.3.-04) vs(05,-06)

(03.-04) (0.3.-04)

(0.8. -0.9) v (0.2. -0.3) vs(0.6, -0.7)

(0.3, -04) (0.2, 0.3)

(0.9. -0.8)v; ve(0.7. 0.8)

Figure-18
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Here, ds(vi) = (0.8, -1.2), ds(vo) = (0.8, -1.2), dy(vs) = (0.8, -1.2), ds(vs) = (0.8, -1.2), ds(vs)
da(ve) = (0.8, -1.2), ds(v7) = (0.8, -1.2), ds(ve) = (0.8, -1.2), ds(vig) = (0.8, -1.2), ds(v11)
ds(vy2) = (0.8, -1.2). So G is (3, (0.8, -1.2)) - regular bipolar fuzzy graph. But B is not a constant function.

0.8, -1.2),
(0.8, -1.2),

Remark 7.3: The theorem 7.1 does not hold for totally (3, (ci, ¢,))-regular bipolar fuzzy graph.
vi(0.2,-0.3)

(0.2. -0.3)

v2(0.3, 0.4)
(0.6, -0.7yv10

(02.03) (02.-03) \03) (02, 03) v:(05, 06)

(0.2. 0.3) (0.2. -0.3)

(0.8.-0.9) v, (0.2.-0.3) vs(0.6. 0.7)

(0.9, -0.8)v; ve(0.7, 0.8)

Figure-19

Here, dg(Vl) = (08, '1.2), dg(Vz) = (08, '1.2), dg(V3) = (08, '1.2), dg(V4) = (08, '1.2), dg(V5) = (08, '1.2), d3(V6) = (08,
'1.2), dg(V7) = (08, -1.2), dg(Vg) = (08, '1.2), dg(Vlo) = (08, -1.2), dg(Vll) = (08, '1.2), d3(V12) = (08, -12) and
td3(V1) = (10, '1.5), td3(V2) = (11, '1.6), tdg(Vg) = (12, '1.7), td3(V4) = (13, '1.8), td3(V5) = (14, '1.9),
td3(V5) = (15, '2.0), td3(V7) = (16, '2.1), td3(V8) = (17, '2.0), td3(Vg) = (12, '1.8), td3(V10) = (14, '19) Hence G is
(3, (0.8, -1.2)) - regular bipolar fuzzy graph but not totally (3, (cy, ¢,))-regular bipolar fuzzy graph. But B is a constant
function.

8. (3, (Cy, Cy))-REGULAR BIPOLAR FUZZY GRAPHS ON A CYCLE OF LENGTH = 5 WITH SOME
SPECIFIC MEMBERSHIP FUNCTION

In this section (3, (¢, ¢y))-regularity and totally (3, (¢, ¢,))-regularity on bipolar fuzzy graph whose underlying crisp
graph is a Cycle of length = 5 is studied with some specific membership function.

Theorem 8.1: Let G=(A, B) be bipolar fuzzy graph such that G'= (V, E) is cycle of length > 5. If B is constant
function, then G is (3, (2cy, 2¢,)) - regular bipolar fuzzy graph.

Proof: Suppose that, B is constant function say B(uv) = (cy, ¢;) for all uveE , then ds;(v) = (2cy, 2¢,), for all veV.
Hence G is (3, (2¢,, 2¢;)) — regular bipolar fuzzy graph.

Remark 8.2: Converse of the theorem 8.1 need not be true.

For example, Consider G = (A, B) be fuzzy graph such that G™:(V, E) is odd cycle of length seven.
vi{0.3,-0.2)

(0.3.-0.2)
(0.9, -0.8) v-

(0.3, -0.2)
v2(0.4, -0.3)
(0.4.03) (0.4, -0.3)

(0.8, 0.7) vs vs(0.5, -0.4)

Figure-20
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Here, dg(Vl) = (0.6,' 06), d3(V2) = (0.6,' 06), d3(V3) :(0.6,' 06), d3(V4) = (0.6,' 06), d3(V5) :(0.6,' 06),
ds(ve) = (0.6,- 0.6), ds(v7) =(0.6,- 0.6). So G is (3, (0.6, - 0.6)) — regular bipolar fuzzy graph. But p is not a constant
function.

Remark 8.3: The theorem 8.1 does not hold for totally (3, (c1, C,))-regular bipolar fuzzy graphs.

v1(0.3.-0.2)

(0.3.-0.2)
(0.9. -0.8) v~

(0.3. 0.2)
v:(0.4,0.3)

(0.3.-0.2) (0.3. -0.2)

(0.8. -0.7) ve v5(0.5, -0.4)
(0.3, -0.2% (0.3. 02
(0.7. 0.6)v Y vi(0.6,-053)

Figure-21

Here, d3(V1) = (0.6,- 06), d3(V2) = (0.6,- 06), dg(V3) =(0.6,- 06), d3(V4) = (0.6,- 06), d3(V5) = (0.6,' 06),
dg(VG) = (0.6,- 06), d3(V7) :(0.6,' 06) and tdg(Vl) = (09, '0.8), tdg(Vz) = (10, '0.9), tdg(Vg) = (11, '1.0), td3(V4) = (12, -
1.1), tda(vs) = (1.3, -1.2), tds(ve) = (1.4, -1.3), tds(v;) =(1.5, -1.4).So G is (3, (0.6,- 0.6))-regular fuzzy graph, but not
totally(3, (c1, Cz)-regular bipolar fuzzy graph. But B is a constant function.

Theorem 8.4: Let G= (A, B) be bipolar fuzzy graph such that G*: (V, E) is even cycle of length > 5. If alternate edges
have same membership values, then G is (3, (c,, ¢,))-regular bipolar fuzzy graph.

(c1,¢)if iis odd
(c3,cq) ifiis even}'

Proof: If alternate edges have same membership values, then B(e;) :{
If (c1,c2) =(c3,cq), then B is constant function. So G is (3, (2¢4, 2¢,))-regular bipolar fuzzy graph.

If (c1, 3 )< (c3,c4), then ds(v) = (2¢4, 2¢,), for all ve V. So G is (3, (2¢4, 2¢5))-regular bipolar fuzzy graph.
If (c1,c3)> (c3,¢4), thenda(v) = (2¢3,2¢,), forall ve V. So G is (3, (2¢3, 2¢,)-regular bipolar fuzzy graph.
Remark 8.5: The theorem 8.4 does not hold for totally (3, (¢, , c;))-regular bipolar fuzzy graphs

For example, Consider G= (A, B) be fuzzy graph such that G™: (V, E) is even cycle of length > 5.

V1(0.3, -0.4)
(0.4.-0.5) (0.3.-0.4)

(0.8, -0.9)vs 2(0.4,-0.5)

(0.3.-0.4) (0.4. 0.5)
(0.7. 0.8) vs vs(0.5, -0.6)
(0.4. -0.5) (0.3. -0.4)

vi(0.6.-0.7)
Figure-22
Here, d3(V1) = (06,'08), dg(Vz) :(0.6,'0.8), d3(V3) = (06,'08), d3(V4) = (06,'08), d3(V5) = (06,'08), dg(VG) = (06,'08)

and tdg(Vl) = (09, '1.2), td3(V2) = (10, '1.3), td3(V3) = (11, '1.4), tdg(V4) = (12, '1.5), tdg(Vs) = (13, '1.6), tdg(VG) =
(1.4,-1.7). So G is not totally (3, (c1, Cz)-regular bipolar fuzzy graph.
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Remark 8.6: Let G= (A, B) be bipolar fuzzy graph such that G":(V, E) is odd cycle of length > 5. If alternate edges
have same membership values, then G is (3, (c,, ¢,))-regular bipolar fuzzy graph.

For example, Consider G:(A, B) be bipolar fuzzy graph such that G™:(V, E) is odd cycle of length 5.

v1(0.3.-0.4)
(0.2.0.3) (0.2, 03)
(0.7, -0.8) v= v2(0.4. -0.5)
(03.04) (03, 0.4)
(0.6, -0.T)vs vs(0.5. -0.6)
Figure-23

Here ds(vy) = (0.4, -0.6), ds(v2) = (0.4, -0.6), ds(vs) = (0.4, -0.6), d3(v4) = (0.4, -0.6), ds(vs) = (0.4, -0.6). G is
(3, (0.4, -0.6))-regular bipolar fuzzy graph.

Remark 8.7: The remark 8.6 does not hold for totally (3, (ci, €,))-regular bipolar fuzzy graphs. For example, Consider
G= (A, B) be bipolar fuzzy graph such that G™: (V, E) is odd cycle of length 5.

v1(0.3. 0.4)

(0.2.-0.2) (02.-02)

(0.7, -0.8) vs va(04, -0.5)
(03.-0.3) (03.-03)

(0.6, -03.7) v5(0.5, -0.6)

Figure-24

Here d3(V1) = (04, '0.4), dg(Vz) :(0.4, '0.4), d3(V3) = (04, '0.4), d3(V4) = (04, '0.4), d3(V5) :(0.4, '04) and tdg(Vl) = (07,
-0.8), tda(v,) = (0.8,-0.9), tda(vz) = (0.9, 1.0), tda(vs) = (1.0, 1.1), tds(vs) = (1.1, 1.2). Hence G is not totally (3, (cy, ¢2))
—regular bipolar fuzzy graph.

Theorem 8.8: Let G= (A, B) be bipolar fuzzy graph such that G™: (V, E) is any odd cycle of length > 5.

(Cl,i CZ)’ lf l lS Odd.

Let B(e) = {(CL, €)= (c3,¢4), if iiseven

}, then G is (3, (2cy, 2¢y))-regular bipolar fuzzy graph.

Proof: Let B(e) = (€1, €2), if iisodd.
roof: Let B(e)) = {(CL, ;) =(c3,¢), ifiis even}

Case-1: Let G= (A, B) be bipolar fuzzy graph such that G™:(V,E) is even cycle of length > 5.

da(vi)= (C1 A C3 A €, CRVC4VCy) + (C3 A Cp A Cgy C4VCVCs) = (€q,C3) + (€1,C2)= (2¢1,2c,), for all veV. So, G is
(3, (2¢1, 2¢,))-regular bipolar fuzzy graph.

Case-2: Let G= (A, B) be fuzzy graph such that G™:(V, E) is an odd cycle of length > 5. Let ey, €, €s.....e5n:1 be the
edges of the odd cycle of G* in that order.
d (V1) = (M3 (E2n+1)A M3 (20)A M3 (E201), M7 (B2ne1)V M3 (€2n) V M7 (E2n-1)) +H(m3 (€A M3 (B2)A M3 (63),
my (e1) Vmy (e2) Vmy; (e3))
= (C1 A caA ¢, €V CVCo )H{C1 A caA €1, C2 V €4VEC} = (c1, €2) + (€1, €2)= (2¢4, 25).

da(v2) ={ m3 (en)A m3 (E2ns1)A M3 (E20), M5 (1) V My (Bansr) V My (Ban)}+{m3 (E)A m3 (e3)A m3es, m;
(e2) Vmy(e3) vV myes)}
={c1 AciA 3 Co V €V €y p+{C3 A €1 €3 C4 VCoV Cp } = (€1, C2) + (€1, €2)= (2¢1, 2¢5).

d3(va) ={m; (e2)A m3 (e1)A m3 (ezne1), My (€2) Vmy (&) V my (Eansi}+{ m3 (e3) Amjy (e5) Amy (es), m; (e3)
vm; (es) Vm; (es)}
={cs A ciA c1, CVCVe}+ {C1 A c3A ¢y, €2 VE4VC} = (€1, €2) + (€1, €)= (2¢4, 2€3).
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Fori=4,5,6,.....2n.
ds (vi) = {m3 (ei)A mJ (eix)A m3 (Bis), my (6i1) V my (6i2) V My (Bia)} + {m3 (€)A m7 (6is1) M3 (Bir2), M3

(&) Vmy (Bis1) VM3 (i)}

= {ClA03ACL CZVCVVCZ}+{03A01A03, C4VCZVC4} = (Cl,' CZ) + (Cl,' CZ): (ZCL, ZCZ).

d3(Vaner) ={ M3 (E2nv1)AM3 (€)A M3 (€2) , M5 (B2041)VIMy (B1) V M3 (€2)3+{m3 (E20)A M3 (Ean1)A M3 (E202),

my (€20) V My (€2n.1) V My (€202}

= {Cl A c3A cq, C VC4VCZ}+{03A c1/Acs, C4VC2VC4}= (Cl,' Cz) + (Cl,' C2)= (2C1_, ZCZ).
Hence, ds(Vvi) = (2¢y,2¢,), forallveV.
So G is (3, (2¢c4, 2¢y)) - regular bipolar fuzzy graph.
Remark 8.9: The theorem 8.8 does not hold for totally (3, (¢, C) - regular bipolar fuzzy graph.

1. Consider G= (A, B) be bipolar fuzzy graph such that G™:(V, E) is even cycle of length six.
V(0.3 -0.4)

(0.3. 0.4) (0.2. 03)

(0.8, -0.9)vs
(0.2.-0.3)

v2(0.4, 0.5)

(0.7. 0.8) vs

(0.3, 0.4) (0.2, 0.3)

V.(0.6,-0.7)
Figure-25
Here, d3(V1) = (04, '0.6), dg(Vz) = (04, '0.6), d3(V3) = (04, '0.6), d3(V4) = (04, '0.6), d3(V5) = (04, '0.6), d3(V6) =

(0.4, -0.6). So G is (3, k)-regular fuzzy graph. But tds(v,) = (0.7, -1.0) tds(v,) = (0.8, -1.1), tds(vs) = (0.9, -1.2), tds(v,) =
(1.0, -1.3), tds(vs) = (1.1, -1.4), tds(ve) = (1.2, -1.5). So G is not totally (3, (¢, C))-regular bipolar fuzzy graph.

2. Consider G= (A, B) be bipolar fuzzy graph such that G™:(V, E) is an odd cycle of length five.
v1(0.2, -0.3)

(0.2.-0.3) (0.2.0.3)

(0.3, -0.4) vs v2(0.4, 0.5)

(02,-03) (0.3,-0.4)

(0.5, -0.6) v4 (0.2,-0.3) w3(03,-04)
Figure-26

Here, d3(vi) = (0.4, -0.6), ds(v,) = (0.4, -0.6), ds(v3) = (0.4, -0.6), ds(v4) = (0.4, -0.6), ds(vs) = (0.4, -0.6). So G is
(3, (0.4, -0.6))-regular bipolar fuzzy graph. But tds(v;) = (0.6, -0.9), tds(v,) = (0.8, -1.1), tds(vs) = (0.7, -1.0), tds(v4) =
(0.9, -1.2), tds(vs) = (0.7, -1.0). So G is not totally (3, (c1, Cz)-regular bipolar fuzzy graph.

9. CONCLUSION AND FUTURE STUDIES

In this paper (3, (1, C) - regular bipolar fuzzy graphs and totally (3, (ci, ¢z)-regular bipolar fuzzy graphs are compared
through various examples. A necessary and sufficient condition under which they are equivalent is provided. Also we
provide (3, (C1, Cz)-regular bipolar fuzzy graphs and totally (3, (i, Cz)-regular bipolar fuzzy graphs in which
underlying crisp graphs are a path on six vertices, a corona graph, a Wagner graph and a cycle of lengtl® 5 is studied
with some specific membership function. Some properties of (3, (C1, Cz)-regular bipolar fuzzy graphs studied and they
are examined for totally (3, k)-regular bipolar fuzzy graphs. The results discussed may be used to study about various
fuzzy graphs invariants. For further investigation, the following open problem is suggested.

“(r, (c1, cyp)-regular bipolar fuzzy graph and totally (r, (ci, C)-regular bipolar fuzzy graph for r > 3 may be
investigated”.
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