International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)

Volume: 2 Issue: 12

ISSN: 2349-7947
31-35

A Study on Fuzzy Graphs: Inverse Clique Regular Domination Number

Mahadevaswamy B.S.
Assistant Professor,
Department of Mathematics
Maharanis science college for women
Mysore-570005, India
Email: mahadevaswamybs80@gmail.com

Abstract —If VV — Dcr(G) contains clique regular dominating set D{\cr(G), then D{\cr(G) is called the inverse clique regular
dominating set with regard to Dcr(G). A subset Der(G)of a fuzzy graph G=(o,p) is said to be a clique regular dominating set.The
lowest fuzzy cardinality calculated over all minimal inverse clique regular dominating sets of G is known as the inverse clique

domination number, or &u\cr(G)
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1. INTRODUCTION

The concepts of regular domination and lique domination in
graphs were first introduced by Kulli V.R. et al. [3]. The
concept of a fuzzy graph was first proposed by Rosenfield,
who also established a number of fuzzy analogues of graph
theoretic ideas as path, cycles, and connectedness[9].The
topic of dominance in fuzzy graphs was covered by A. and
S. Somasundram [10]. The inverse clique regular dominance
number in fuzzy graphs is discussed in this study, and the
relationship with other well-known parameters of G.

2. PRELIMINARIES
Definition:2.1

Let G=(V,E) be a graph. A subset D of V is called a
dominating set in G if every vertex in V-D is adjacent to
some vertex in D. The domination number of G is the
minimum cardinatliy taken over all dominating sets in G and
is denoted by y(G).

Definition: 2.2

Let G=( o, 1) be a fuzzy graph on V and Vic V. Define o1
on Vi1 by oi(u)=c(u)for all ue Vi and  on the collection
E; of two element subsets of V1 by pi({u ,v}) = p({u ,v}) for
all u,ve Vi, then (o1,l1) is called the fuzzy subgraph of G
induced by Vi and is denoted by <V;>.

Definition:.2.3

The fuzzy subgraph H=(c1, pi) is said to be a spanning
fuzzy subgraph of G=(o, W) if o1(u)=c(u) for all ueV; and
ui(u, v)<u(u, v) forall u,veV. Let G (o, n) be a fuzzy graph
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and o1 be any fuzzy subset of V1, i.e. ,c1( u)<c (u) for all u.
Definition: 2.4

Let G=(o,u) be a fuzzy graph on V. Let u, veV. We say that
u dominates v in G if u({u,v})=c(u)Ac(v). A subset D of V
is called a dominating set in G if for every v¢D, there exists
ueD such that u dominates v. The minimum fuzzy
cardinality of a dominating set in G is called the domination
number of G and is denoted by y(G)ory.

Definition: 2.5

A dominating set D of a fuzzy graph G is said to be a
minimal dominating if no proper subset D' of D is
dominating set of G such that

Y o< ) ow)

v;eD’ v;eD
Definition: 2.6
The order p and size q of a fuzzy graph G=(o,11) are defined
tobep = ZO‘(U) and q= Z u{u v}).

ueV (uv)eE

Definition: 2.7

An edge e={u, v} of a fuzzy graph is called an effective
edge if p({u,v}) =o(u) A o(v).

N(u) = { veV/ w({u ,v}) = o(u) A o(v)} is called the
neighborhood of u and N[u]=N(u) v {u} is the closed
neighborhood of u.

The effective degree of a vertex u is defined to be the sum of
the weights of the effective edges incident at u
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and is denoted by dE(U). X,cnq o(v)is called the
neighborhood degree of u and is denoted by dN(u). The
minimum effective degree 8e(G)=min{dE(u) / ueV(G)} and
the maximum effective degree Ae (G) = max{dE(u) /
ueV(G)}.

Definition: 2.8

A vertex u of a fuzzy graph is said to be an isolated vertex if
H({u v} < o(u) A o(v)} for all ve V={u}, that is, N(u) =¢,
Thus an isolated vertex does not dominate any other vertex
in G.

Definition: 2.9

A set D of vertices of a fuzzy graph is said to be
independent if p({u,v}) < o(u) A o(v)}forall u, veD.

Definition: 2.10

The complement of a fuzzy graph G, denoted by G is
defined to be G = (o, ) where z({u,v}) = o(u)ro(v) —
u({u, v}).

Definition: 2.11

Lets: V— [0, 1] be a fuzzy subset of V. Then the complete
fuzzy graph on o is defined to be (o,u) where
n({u,v}H)=c(u)ac(v) for all uveE and is denoted by Ko.

Definition: 2.12

A fuzzy graph G=(o,u) is said to be bipartite if the vertex V
can be partitioned into two nonempty sets Vi and V» such
that p(vi,v2)=0 if wvi,voeVi or vivoeVo. Further, if
w(u,v)=c(u) Anc(v) for all ueV; and veV, then G is called a
complete bipartite graph and is denoted by K, ,,, where o1
and o2 are the restrictions of o to V1 and V2 respectively.

Definition: 2.13

Let G = (o, ) be a regular fuzzy graph on G™= (V, E). If
de(v) = k for all veV, (i.e,) if each vertex has same degree
k, then G is said to be a regular fuzzy graph of degree k or k-
regular fuzzy graph. Where G*'= (V, E) is an underlying
crisp graph.

Remark: 2.14
G is k-regular graph iff 6=A=k.
Definition: 2.15

Let G= (o, 1) be a fuzzy graph. The total degree of a vertex
ueV is defined by tds(u) = ds(u) + o(u) = Zy(uv) +o(u).

uvekE
If each vertex of G has the same total degree k then G is said
to be a totally regular fuzzy graph of total degree k or k-
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totally regular fuzzy graph
Definition: 2.16

A set of fuzzy vertex which covers all the fuzzy edges is
called a fuzzy vertex cover of G and the minimum
cardinality of a fuzzy vertex cover is called a vertex
covering number of G and denoted by B(G).

Definition: 2.17

Let G = (o, w) be a fuzzy graph on D and D < E then the
fuzzy edge cardinality of D is defined to be ZD u(e).
ee

Definition: 2.18

The effective degree of a vertex u is defined to be the sum of
the weights of the effective edges incident of ‘v’ and is

denoted by dE(u). E( )c(v) is called the neighbourhood of
Ve v

u and is denoted by dN(u).
Definition: 2.19

The minimum effective degree 8e(G) = min{dE(u) |
u €V(G)} and the maximum effective degree Ag(G) = max
{dE(u) |u eV(G)}.

3. MAIN RESULTS
Definition 3.1

Let G = (o, p) be a fuzzy graph without isolated vertices. A

subset D¢ (G)of V is said to be a clique regular dominating
set if V — Du(G) contains clique regular dominating set
D'«(G) then D'<(G) is called the inverse clique regular
dominating set with respect to D(G) .The inverse clique
domination number y'c(G) is the minimum fuzzy cardinality
taken over all minimal inverse clique regular dominating
sets of G.

Example 3.2

V,(0.2) V02

Vo2 — V,(0.2)

Fig.1
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Dcr(G) = {Vl, Vo, V3} Ycr(G) =0.6
D'cr(G) = {V4, Vs, Vs} Y'cr(G) =0.6

Theorem 3.3
If G = (o, p) is a complete fuzzy graph K, with n>2 then

(i) <N(D¢r(G)) > is a fuzzy complete graph with (n-1)
vertices.

(i) <N (D'«(G)) > is a fuzzy complete graph with (n—
2) vertices

Proof:

Let G = (o, w) be a complete fuzzy graph K, with
o(vi) = c, for every vieV and n>2. D¢(G) is the fuzzy
clique regular dominating set. Clearly Dg(G) = { vi } and <
N(Dw(G)) > is a complete fuzzy graph with (n-1) fuzzy
vertices. Clearly < N(D«(G)) > is a complete fuzzy graph
with (n-1) fuzzy vertices., further V- De(G) = V-{vi} ={
V1,V2,....Vi-1,Vi+1,. . .,Vn}.

Let D'«(G) € V- Du(G) is the fuzzy inverse clique
regular dominating set then D'«(G) = { v; / o(vi) is
minimum, j # i},also < V- D'«(G) > is regular with vertices
of degree (n—2)c. Moreover, <N(D'(G)) > is complete with
(n-2) fuzzy vertices. Therefore, < N (D'«(G)) > is a
complete fuzzy graph with (n-2) intuitionistic fuzzy
vertices.

Theorem 3.4

If G = (o, wis a fuzzy cycle with equal fuzzy vertex
cardinality and y'c(G) - set exist, then < N(D¢(G)) > is a
fuzzy complete graph with two vertices.

Proof:

G = (o, n) be a fuzzy cycle with vertex set V = {
V1,V2,....Vi,Vi+1,...,Va= Vo} Such that v; is adjacent with v (.1
mod n @nd V (+1) mod nl < 1 < n. Moreover, vi dominates
V (i-1) mod n @nd V (i+1) mod n. L€t Der(G) be the clique regular
dominating set with (n-2) vertices such that < N(D«(G)) >
is regular and also complete graph with two fuzzy vertices.
Therefore, <N(Dr(G)) > is a fuzzy complete graph with two
vertices.

Theorem 3.5

If G = (o, ) is a fuzzy cycle and o(vi)’s are
constant with p (vi, vj ) = min { o(vi), o(v;) } then

Ver(G) = (n-2) o(Vi).
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Proof:

Let G = (o, u) be a fuzzy cycle with vertex set V =
{ V1,Vo,....Vi\Vis1,...,vn= Vo} such that v; is adjacent with v .
1ymodn @Nd V (i+1ymodnl <1< n. Moreover, v; dominates Vv .
1) modn @Nd V (i+1) mod n @nd o (Vi) = ¢ for every vie G with p (vi,
vj ) = min { o(vi), o(vj) }, then by theorem 2.7.4 < N(D¢) >
is a fuzzy complete graph with two vertices , clearly D'c(G)
has (n—2) fuzzy vertices. Therefore, the fuzzy clique regular
domination number y'«(G) = (n-2) (V).

Theorem 3.6

If G = (o, ) is a fuzzy cycle with all effective
edges, then y'«(G) = p — max { o(vi) + o(Vi+1) }-

Proof:

G = (o, ) be a fuzzy cycle with vertex set V = {
V1,V2,....Vi,Vis1,...,Va= Vo} such that v; is adjacent with v .y
modn @Nd V (i+1) modnl <1< n. Moreover, vi dominates V (i-1) mod
nand Vv gi+1)mod n. G is a fuzzy cycle of all effective edges then
by theorem 2.7.4, D(G) has (n-2) fuzzy vertices. V — Dc(G)
has a complete fuzzy graph with two fuzzy vertices. The
fuzzy clique regular dominating set is the minimum fuzzy
cardinality taken over all fuzzy clique regular dominating
sets of G.

Therefore, y'«(G) = p — max { o(vi) + o(Vi+1)}-

Theorem 3.7

If G = (o, p) is a fuzzy path with all effective edges
then y'«(G) = p — max { o(V;) + o(Vi+1) / i#1 orn}

Proof:

Let G = (o, u) be a fuzzy path with vertex set V = {
V1,Va,....Vi,Vis1,...,vn} @nd having all effective edges, vi’s are
adjacent with vi« also vi dominates vis, i= 1 to n-1. Let
D«(G) be the cligue regular dominating set which contains {
Vi / vie G} such that < N(D¢(G)) > is regular. The minimum
fuzzy clique regular domination number Ya(G)=p -
max { o(v;) + o(Vi+1) / i#] orn}.

Theorem 3.8

If G = (o, u) is a fuzzy wheel Wh.1 with o(vi) = ¢,
for every vieV and all edges are effective then y'c(G) =
{o(v) / v is the centre vertex of the fuzzy wheel}.
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Proof:

Let G = (o, u) be a fuzzy wheel Wh.1 with o(vi) =
¢, for every vie V and having all effective edges. The vertex
set of G is { V,v1,Va,....Vi\Vis,...,va} Where v is the centre
vertex of the fuzzy wheel, v is adjacent with vi, i= 1 to n
also v dominates v; i= 1 to n. Further, v; is adjacent with v .
Ymodn &Nd V (i+1)ymodn 1 <1< n and vi dominates Vv (-1 mod n)
and Vv (i+1 mod n) 1 < i < n. Let Di(G) be the clique regular
dominating set which contains { v/ v is the centre vertex
of the fuzzy wheel} such that < N(D¢) > is regular.
Therefore, The minimum fuzzy clique regular domination
number v¢(G) = o(v) = ¢, v is the centre vertex of the fuzzy
wheel.

Theorem 3.9

If G = (o, p) is a fuzzy wheel W1 with all edges
are effective then y'«(G) <p —k where k= o(vi) + o(Vi+1)
is maximum.

Proof:

Let G = (o,u) be a fuzzy wheel Wy with vertex
set {v, v1,V2 . . ., Vo = Vg} such that v is adjacent with vi, vy, .
.., Van=Vp and having all effective edges. Let D(G) = {viv
is the centre of the vertex} is the clique regular dominating

set since <N(D«(G)> is regular and D;r (G) = V-{vi,vis1}
such that < chr (G)> is regular. The inverse clique regular
dominating number y'cr (G) is p — max {o(vi) + o(vis)}

such that 7Y (G) is the minimum inverse clique regular
dominating set of G.

Theorem 3.10

If G = (o, W is afuzzy wheel Wy with p (vi, vj)
= min {o(vi), o(v)) }and o(vi) = c, for every vieV then
Ya(G) = p - 2c.

Proof:

Let G = (o,u) be a fuzzy wheel Wh.1 with vertex
set {V,v1,Vo, . . .Va = Vo} and having p(vi,vj) = o(vi) Ac(v)).

Let De(G) = {v/v is the centre of the wheel} and chr G) =
V—{vi,viu1} such that <N( D, (G))> is regular, which is K.

Therefore, inverse clique regular domination number 7,
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(G) then by theorem 2.7.9, 'Y'cr (G) = p -max {o(vi) +

o(vis1)} since o(vi) = ¢, for every vieV clearly y'cr G) =p
—2c.

Corollary: 3.11

If all edges are not effective in a fuzzy path G = (o,
p) then y'«(G) does not exist.

Theorem 3.12

If G = (o, w) is a complete fuzzy graph then y«(G) - set and
Y'ar(G) - set exists but converse need not be true.

Proof:

If G = (o, ) is a complete fuzzy graph K, with vertex set {

V1,Va,....Vi\Vis1,...,vn} and every v eV is adjacent to the
other vertices. Further, every v dominates the other vertices.
Suppose the degree of all vieV are equal. Then the fuzzy
clique regular dominating set exists, therefore y(G) - set
exists.

Converse need not be true since ve(G) - set exists,
the degree of vie V are equal, but all vi’s need not adjacent
with other vertices, further all vi’s need not dominate the
other vertices. By definition of complete graphs, G is not a
fuzzy complete graph.

Example 3.13
V,(0.1) V,(0.1)
0.1 0.1
v,0.1) V,(0.1)

V,(0.1)

Fig.2
Der(G) = {V}, 7(G) = 0.1
D, (G) ={vaVs, vs}, ¥, (G)=0.3

~Yer (G) and y;r (G) exist but G is not a complete graph.

34




International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE) ISSN: 2349-7947
Volume: 2 Issue: 12 31-35

REFERENCES

[1] Kulli, V.R. and Janakiram B. (1997). The non split
domination number of graph. Graph Theory notes of
New York. New York Academy of Sciences, XXXI|I, pp.
16-19.

[2] Kulli, V.R. and Janakiram B. (2000). The clique
domination number of graph. The Journal of Pure and
Applied Math. 31(5). Pp. 545-550.

[3] Kulli, V.R. and Janakiram B. (2003). The strong non-
split domination number of a graph. International Journal
of Management and Systems. Vol. 19, No. 2, pp. 145-
156.

[4] MordesonJ.N.andNairP.S. “Fuzzy Graph and Fuzzy
Hypergraph” Physica-Verilog, Heidelberg (2001).

[5] Ravi, R Senthil Kumar, A Hamari Choudhi, Weakly ~L
g-closed sets, Bulletin Of The International Mathematical
Virtual Institute, 4, Vol. 4(2014), 1-9

[6] O Ravi, R Senthil Kumar, Mildly Ig-closed sets, Journal
of New Results in Science, Vol3,Issue 5 (2014) page 37-
47

IJRMEE| December 2015, Available @ http://www.ijrmee.org

[71 O Ravi, A senthil kumar R & Hamari Choudhi,
Decompositions of | g-Continuity via Idealization,
Journal of New Results in Science, Vol 7, Issue 3 (2014),
Page 72-80.

[8] O Ravi, A Pandi, R Senthil Kumar, A Muthulakshmi,
Some decompositions of mg-continuity, International
Journal of Mathematics and its Application, Vol 3 Issue
1 (2015) Page 149-154.

[9] Ore, O. (1962). Theory o Graphs. American
Mathematical Society Collog. Publi., Providence, RI, 38.

[10] PonnappanC.Y,Surulinathan .P,BasheerAhamed .S, “The
strong non split domination number of fuzzy graphs”
International Journal of Computer & Organization
Trends — Volume 8 Number 2 — May 2014.

[11] Rosenfeld, A., 1975. Fuzzy graphs. In :Zadeh, L.A., Fu,
K.S., Shimura, M. (Eds.), Fuzzy Sets and Their
Applications. Aca-demic Press, New York.

[12] Somasundaram, A., and Somasundaram, S., Domination
in fuzzy graphs, Pattern Recognit. Lett. 19(9) 1998), 787-
791.

35




