International Journal of Applied Science and Mathenatics

Volume 3, Issue 1ISSN (Online): 2394-2894

A Note on soEnergy oCocktailparty and
Crown Graphs
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Abstract — Let G be finite non trivial connected graph.
idegree,odegree, oidegree of a minimal dominating set we
introduced and oEnergy of a graph witl respect to the
dominating set were calculated, an Algorithm to getthe
soEnergy is being introduced and it is found out for some
standard graphs in the earlier papers. In this papesoEnergy
of complete graph,cocktail graph, complete bipartite graph
and crown graphs with respect to the given minimal
dominating sets were found out.
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. INTRODUCTION

Let G = (V, E) be a finite non triviadonnected graph. .
set D isa dominating set of G if every vertex ir-D is
adjacent to someertex in D. A dominating set D of G
called a minimal dominating set if no proper sulmddd is
a dominating set.

Cocktail party graph ithe graph consisting of two rov
of paired nodes in whichll nodes but the paired es are
connected with a graph edge [5]@&own graph on 2
vertices is an undirected graph with two selvertices u
and v and with an edge from to v whenever & j[5]. In
this paper soEnergy of complete graphs, complgtartite
graphs, cocktaiparty graphs and crown graphs are b
calculatedwith respect to their minimal dominating .

[I. PRELIMINARIES

Definition 1.1

Let G be a graph and S be a subse V(G). Let v V-
S, the idegree or indegree of v with respect tis $e
number of neighbours of v in 8-and it is denoted b
ids(V) )
Definition 1.2

Let G be a graph and S be a subset of V(G). LLIV-
S, the odegree or outgiee of v with respect to S is t
number of neighbours of vin S and is denote od, (v).
Definition 1.3

Let G be graph and S be a subset of V(G). LLIV-S,
the oidegree or outindegree of v with respecStis
odg(V)—idg(v) if  odg(v)>ids(v) and it is denoted b
oidg (V) -
Definition 1.4

Let G be a graph and S be a subset of V(G). LLV-
S, the iodegree or inoutdegree of v with respect tis
idg(v)—odg(v) if idg(v)>o0ds(v) and it is denoted b
iods (V).
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Definition 1.5
Let G be a graph and D be a dominating set, oEneifc

a graph with respect to D denoted t0&, (G) is the

summation of all oid if od > id or otherwise z.
Definition 1.6

Let G be a graph and D be a minimal dominatiny,
then energy curve is the curve obtained by joirting
oEnergies with respect tp,_andp, for 1<i<n, taking

the number of vertices of D, along the x axis and the
oEnergy with respect to the along the y axi:

Definition 1.7
Let G be a graph and D be a minimal dominating

soEnergy of a graph with respect to D NflogD (G)
s i+l
where D, =D, 0V, V,, Iis a singleton vertex with

minimum oidegree of \B; and 0 is a minimal
dominating set whereQ<i<|V-D]|, it is denoted by
s0&, (G) .
Definition 1.8

Let G be a graph and MDS(G) be the set ominimal

dominating set of G, therardihoo" of a graph G is
max{ S0&yps(c,(G) } is denoted as H'(G).

Definition 1.9

Let G be a graph and MDS(G) be the set of all mahi
dominating set of Gthen Hardihoo™ of a graph G is
min{ so&,,p5,(G) } is denoted as H'(G).

Given below is the algorithm to find the soEnerdy
any given graph with respect to the given domirtatiet
Algorithm 1.10
1. Find a minimal dominating set.

2. Find the idegree, odegree and oidegree fovertices
in the graph induced by <-D>.

3. If oideree of the vertices are greater than 2z
proceed to step 5.

4. |If oidegree< O then put oenergy = 0 and goto ste

5. Shift the vertexwith minimum positive oidegre
which appears firsto the set L
If no auch positive oidegree exists, shift a vertex v
oidegree zero to the set D otherwise shift a ve
minimum iodegree to the set

7. Find the idegree, odegree and iodegree and

oenergy for the vertices in the new -D> with

respect to new D set.

Repeat steps 2 to 7 until -D|=0.

Find the sum of all the oEnergies at each stepet

the soEnergy.
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10. Fix the x axis as the number of vertices of thel3;
and y axis as the oEnergy of the sets at each\arg
step. Plot the graph.

[1l. SOENERGY oOF COMPLETE GRAPHS AND
CockKTAIL PARTY GRAPHS

A complete graph with n vertices denoted by Kn
graphwith n vertices in which each vertex is connecte
each of the others (with one edge between eachab:
vertices). soEnergy of complete grapltalculated belo\
Theorem 3.1

Let K, be the graph and D be a minimal dominating,

then n
0&,(k,) =X IV =D |[ID, |-V =D, |-1]

2
Proof:
Let D be a minimal dominating set of.K
Claim:
For any K, soEnergy is O if |[P< P]
2
i.e) [DI-(IV-Dil-1)<1if |Df < M
2
for,
when |O| < M
2

n
V-Di|=|n-
IV-Di|=|n 'E Il

in-[n+1] or In- [
H 2
=n-|Ni+1|orn
2 2
ie, [V-D|-1,|njorP -1
|2 2

DHV-DI<(1] - m or (m (o] <

Therefore soEnergy is 0 if 3 {nw

2

After this stage, |[P< n
2
oidegree of vertices are;|H|V-Dj]-1)
by definition, oEnergy at ith stage is {[¥|){|Di|-|V-Dj|-1}
06,(K,) =2 IV-D |ID, |- V-D, |-1]

2
Hence the proof.

Energy Curve of K
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The cocktail party graph of order n, also callegl tigpet
octahedral graph. It is the graph complement of Q9
ladder rung graph land the dual graph of the hyperct
graph Q. [9]

For a cocktail party graph the possible minit
dominating sets are minimuimdependent dominating s
and connected dominating ¢« Connected dominating set
is a dominating set D such that <D> is a connegtagh
Definition 3.2

Cocktail party graphsi denoted by ,,,, is a graph
having the vertex sety - ﬁ(ui’vi)and the edge set
E ={uu;,vv;
Corallary 3.3

Let G be a cocktail party graptyo,

. 2n .

() soe; (ko) =D IV=D I[ID, |- V-D, |} where D is

i=n+1
connected dominating set.
. 2n
W) £, (k) =4+ 3 IV =D, | D, |- |V - D, [} Where

i=n+l

i 3 O0{uv,,vu, 1<i<nt[9]

D is minimum independent dominating :
Proof:

Let G be a cocktail party grapl.., and D be a minimal
dominating set.

i) Let D be the connected dominating

Number of vertices in a cocktail party graph is. By
replacing n by 2n in theoremI3we get

2n

s0&p (Kye) = 2, IV =D, [[ID; |- V=D |-

i=n+l
(ii) Let D be minimum independent dominating
The cardinality of minimum independent dominatied
is 2.
Since the vertices are independent, they gain Qeg
for each vertices.

508, (Kyp) =4+ 3 V=D, |[ID, |- V=D, []

i=n+l
where D is minimum independent dominating
Corollary 3.4
Let G be a acktail party graph .,

Therefore
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()Hardihood (Kna) =4+ 3 |v - D, [[ID, |- IV ~D, |} Where

D is minimum independent dominating
2n
(iHardihood(Kn) = > |V =D, |[|D, |- V - D, [where

i=n+l
D is connected dominating set.
Proof:
Let G be a cocktail party graph,§s.
Minimum independent dominating set and conne
dominating set are the minimal minating sets ofocktail
party graphs.

S0&, (K,,.,) of both the dorimating sets differ only by

4+ 3 V=D, |[ID, |- V=D, ]

i=n+l
2n

2> IV-D D |-V-D, ]
i=n+l

Therefore by the definition, Hardihoo('(K.,) =

=4+§ IV-D, |[ID, |- V-D, |l This is the soEnerg

i=n+1
when D is minimal independent dominating
. 2n . .
Hardihood(Knw) = > |V-D, |[ID, |- V-D, || This is
i=n+l

the soEnergy when D is connected dominating

Hence HardihooqK o) =4+ i IV-D, |[ID, |- V=D, [

i=n+l

where D is minimum indemelent dominating set at

2n

Hardihood(K o) = z [V-D |[ID; |- M-D, |lwhere D
i=n+l

is connected dominating set.

Energy curves ofocktail party graphs are given belc
Energy curve for K, and K, with respect to minimur
independent set and comted dominating sets are tra.
Energy Curves of Cocktail graph with odd number of
n

Energ',,r curve of K 3a2 with respect to minimum

ind=pend=nt dominating s=t
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3 4
cardinality of Di's
Fig. 2.
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Energy cuwrve o fEK3x2 with respect to
connected dominating set
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Fig. 3.

Energy curves of cocktail graph with even number of
n
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IV. SOENERGY OF COMPLETE BIPARTITE
GRAPH

A complete bipdite graph is a bipartite grayi.e., a set

of graph vertices decomposed into two disjoint sefsh
that no two graph vertices within the same set
adjacent) such that every pair of graph verticeth@ntwo
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sets are adjacent. There are three possminimal
dominating sets for a complete bipartite gre
Definition 4.1

A dominating set of a complete bipartite grK, ,, that
contains the vertices in a partite having the ceality m
and cardinality n are called partite dominating set ar
n-partite dominating set respectively
Theorem 4.2
Let K, m be the graph, then

() sogy (K ):w where D is n-partite
n,m 2

dominating set.

ii nm(n+1 i
() soe, (K,,) =¥ where D is
m-partite dominating set.

(iii) soeD(Knm):nfz(od—id)(Di) where D is minirum
i=n-2
independent dominating set.
Proof:
Let G be a complete bipartite graph K
(i) Let D be the n-partitelominating set of the cardinali
n, then i@=0 and ogd=n for every yin V-D.
Hence oig=n for all v in V-D.
0&, (K, ) =nm,n(m-1),n(m-2),..n,0
respectively
+1
Thereforeg,. (i )= mn(; ) where n>mr
(i) Let D be the m-partitelominating set of the cardinali
m, then i¢=0 and og=m for every yin V-D.

As in case ()soe, (K, )= mn(n+1) whereD is m-partite
nm 2

dominating set.
(i) Let D be minimum independentdominating set,
taking one vertex from each partite, then cardinality of
the dominating set is 2.
For any K, , SOEnergy is 0 if |[p<n-2.
i.e) og, (K, ) =0fori=1,2,..(n-2).
for idp;>0dy; when i= 1,2,...(n-2),

... n+m-2
By definition, 08, (K, ) = Z(Od -id)(D))

i=n-2

Hence the proof.

If n>m, then HardihoodK, ) occurs with rpartite
dominating set and HardihogH,, ) occurs for minimun
independent dominating set.

Theorem 4.3

(i) Hardihood(Kyyy ="M+

when D is n-partite

dominating set.

n+m-2

(i) Hardihood(K,y) = Y (od —id), where D is
i=n-2

minimum independent dominating set.

Proof:
Let G be a complete bipartite graph Kn>m.
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soEnergies of Knm are
n+m-2
nm(m+1),nm(n+1), z (od —id), ,they are
2 2 i=n-2 ‘
n+m-2
z (od —id), < mn(n+1)s nm(m+ 1)
iZn-2 ' 2 2
nm(m+1)

Hence HardihoodK, )= . This is the soEnergy

of K, mWwhen D is npartite dominating set and Hardihc
(K ):Hfz(od—id),] is the s&nergy whenD is minimal

dominating set.
Energy Curve of K3,

Energy curve of K 43 Cwith
respect to I-partite domination
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Fig. 6.
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partite domination sel
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Energycurve of K 43 minimum
independent dominating set
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V. SOENERGY OF CROWN GRAPHS

The crown graph can be viewed as a complete big
graph from which the edges of a perfect matchinge!
been removed, Biggs (1993) [4for a crown graph th
possible minimal dominating sets with crown grajpins
minimum and maximal independent domting set with
cardinality of dominating set as 2 and n. The numufe
edges of crown graph is n(n-1).

Definition:5.1

Crown graph Sr? for an integer B2 is the graph witl

vertex set{U,U,,..U,V,V,...,V,} and the edge set

{u v 1<i,j<sni# j}.[8]
A dominating set D of G is called an indepenc

dominating set if the vertices in D are independéhn
dominating set D of G is called a maximum or minim

independent dominating set if D isn independent

dominating set with masmum or minimum cardinality
Theorem: 5.2

Let G be aS; for an integer n2

n(n®-1)
2

where D is maxims

() sog, ()=
independent dminating set of cardinality
2n
(ii) so£,(S)) =Y (od ~id), where D is minimum
independent dominating set.
Proof:

Let G be a Crown graplSrﬂJ for an integer >2.

Let D be the minimal dominating set.

(i) Let D be the maximal independent dnating set
with cardinality n.

Then id=0 and od=n-1 fall the n vertices in the sel-
D.

ThereforeOé’Dl(Sr?) =n(n-1)

By theorem 14 n(n-1)+(n-1)(n-1)+@NKn-1)+...+(n-1)$
_(n-HY(n)(n+1)_n@’-1)

2 2

n(n®-1)

2

(ii) Let D be the minimal independent dcnating set
with cardinality 2.

For any s?, soEnergy is 0 if |[p<n.
i.e) o, (§)) =0for i=1,2,..(n-1).
for id, >od, wheni=1,2,..(n-1),

Therefore sog, (S)) =

2n
By definition ofso,, (S7) = Y (od ~id), .
Hence the proof. _
Theorem: 5.3

Let G be aS,? for an integer p2
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(n*-1)
2

() Hardihoo<:‘f(Sf)=n where D is maximal

independent dominating set.
2n
(i) Hardihood(Sr?):Z(od—id)Dl where D is minimal
independent dominating set.
Proof:
Let G be aS; for an integer >2.

2 _
soEnergies of & for an integer >2 areM and

2n
It is obvious that » (od-id), <

i=n

_Zzn:(od—id)Dl.

n(n®-1)
2
Hence Hardihooﬂsﬁ)=@ which is the
soEnergy when D is partite dominating s¢
And Hardihoodsr?):i(od—id)q which is the

soEnergy Wen D is minimal independe.
Energy Curves of Crown gra

Energy curve of crown graph with
maximum independent dominating
set

(=]
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Fig. 9.

Energy curve of crown
graphwith minimum
independent dominating set
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Fig. 10.
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