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ABSTRACT

Domination in graphs has been an extensively researched
branch of graph theory. Graph theory is one of the most
flourishing branches of modern mathematics and computer
applications. An introduction and an extensive overview on
domination in graphs and related topics is surveyed and
detailed in the two books by Haynes et al. [ 1, 2]. Recently
dominating functions in domination theory have received
much attention. In this paper we present some results on
minimal signed dominating functions and minimal total
signed dominating functions of corona product graph of a path
with a star.
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1. INTRODUCTION

Domination Theory is an important branch of Graph
Theory that has a wide range of applications to many fields
like Engineering, Communication Networks, Social sciences,
linguistics, physical sciences and many others. Allan, R.B.
and Laskar, R.[3], Cockayne, E.J. and Hedetniemi, S.T. [4]
have studied various domination parameters of graphs.
Recently, dominating functions in domination theory have
received much attention.

The concept of Signed dominating function was
introduced by Dunbar et al. [5]. There is a variety of possible
applications for this variation of domination. By assigning the
values —1 or +1 to the vertices of a graph we can model such
things as networks of positive and negative electrical charges,
networks of positive and negative spins of electrons, and
networks of people or organizations in which global decisions
must be made. Zelinka, B.[6] introduced the concept of total
signed dominating function of a graph.

Frucht and Harary [7] introduced a new product on
two graphs G; and G,, called corona product denoted by
G,®G,. The object is to construct a new and simple operation
on two graphs G; and G; called their corona, with the property
that the group of the new graph is in general isomorphic with
the wreath product of the groups of G, and of G, .

The authors have studied some dominating
functions of corona product graph of a cycle with a complete
graph [8] and published papers on minimal dominating

B.Maheswari
Dept. of Applied Mathematics, S.P.Women’s
University, Tirupat-517502, Andhra Pradesh, India

functions, some variations of Y — dominating functions and Y
— total dominating functions [9,10,11,12,13].

In this paper we proved some results on signed
dominating functions and total signed dominating functions of
corona product graph of a path with a star.

2. CORONA PRODUCT OF P, AND K.,

The corona product of a path B, with star K; ,,, isa
graph obtained by taking one copy of a n — vertex path B,
and n copies of K, ,, and then joining the i*" vertex of P, to
every vertex of i*" copy of K, and it is denoted by
PO Ky .

We require the following theorem whose proof can
be found in Siva Parvathi, M. [8].

Theorem 2.1: The degree of a vertex v; in G = B, © K, ,,, is
given by
d(vy) =
m+3, if vie€PB and 2<i< (n-1),
m+ 2, if v, € B, and i=1 orn,
m+1, if v; €Ky ,,and v; isin first partition,
2, if v; €Kimand v; isinsecond partition.

3. SIGNED DOMINATING FUNCTIONS
In this section we prove some results on minimal

signed dominating functions of the graph ¢ = P, ® Ky ,,. Let
us recall the definitions of signed dominating function and
minimal signed dominating function of a graph G(V, E).
Definition: Let G (V,E) be a graph. A function f: V -

{—1,1} is called a signed dominating function (SDF) of G
if f(N[v]) = Z f(u)z]_, foreach v evV.

ueN[v]

A signed dominating function f of G is called a
minimal signed dominating function (MSDF) if for all
g < f,g isnotasigned dominating function.

Theorem 3.1: A function f : V — {—1, 1} defined by
fw) =

m+1 . . . .
i—hini%£m$eﬁfa%&i%§ Rl P25 1 ©

fooPERtie be a function defined as in the hypothesis.
Case I: Suppose m is even.

Then [mTH = %
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By the definition of the function, -1 is assigned to % vertices
in each copy of K; ,, whose degree is 2 and 1 is assigned to
%+1 vertices in each copy of K ,,, in G. Also 1 is assigned to
the vertices of B, in G.

Case 1: Let v € B, besuchthat d(v) =m+3inG.

Then N[v] contains m+ 1 vertices of K;,, and three
vertices of B, inG.

So > f(u):1+1+1+{g(—l){%+1j(1)}=3—%+%+1=4,

ueN|[v]
Case 2: Let v € B, besuchthat d(v) =m + 2 inG.

Then N[v] contains m + 1 vertices of K; ,,, and two vertices
of P, in G.

So 3 f(u):1+l+{%(_1)+[ﬂ+1)(1)}:2_%+m+1:3.

ueN|v] 2 2
Case 3: Letv € K; , be suchthatd(v) =m +1inG.

Then N[v] contains m + 1 vertices of K; ,, and one vertex of
B,ingG.

S0y f(u):1+{r;(—1)+[2+lj(1)}:l—2+2+1=2-

ueN|[v]

Case 4: Letv € K; ,,, be such that d(v) = 2inG.

Then f(v) = -1 or f(v) =1.

Now N[v] contains two vertices of K, ,,, and one vertex of B,
inG.

Iff() = -1, then 3" f(u)=1+1+(-1)=1.

ueN|[v]

ffw) =1, then > f(u)=1+1+1=3.
ueN|[v]
Therefore for all possibilities,

we get Z f vV velV.

ueN v]
This implies that f is a SDF.

Now we check for the minimality of f.

Define g: V - { —1,1} by
gw) =

-1, for one vertex v, of P, in G,

e (iiOrLEZl wértkedenseathtitaby 0f) ks whddriégree is 2 in G,

by caSEENYiRE: v, eN [V]

er 2 9(”):(*1)”*1*[g@lﬁgﬂj(l)} :17g+%+1= 2

ueN[v]

Sub case 2: Let V, & N[V].

Then > g(u)=1+1+1+{%(—1)+[g+1j(1)} =3_g+%+1=4'

ueN[v]

Case (ii): Let v € P, be such thatd(v) = m +2inG.

Sub case 1: Let V, € N[V].

Then ¥ g(u)=(_1)+1+[g(_1)+(m+1j(1)}:o_%+g+1=1.

ueN[v]

Sub case 2: Let V, & N[V].

Then > g(u):1+1+{%(—1)+[%+1J(1)} = 2—%+%+1: 3

ueN[v]

Case (iii): Let v € Ky, besuchthatd(v) =m+1inG.

Sub case 1: Let V, € N[V].

Then - g(u)=(_1)+[ﬂ(-1)+(9+1j(1)}=(—1)—%+%+1=0-

ueN[v]

Sub case 2: Let V, & N[V].

Then s~ g(u):1+{%(—1)+(%+1)(1)} 12+ 2 41=2,

ueN|[v]
Case (iv): Let v € Ky, be such thatd(v) = 21in G.

Then g(v) =—-1 or gv)=1.

Sub case 1: Let V, € N[V].

If g(v) = —1, then Z g(u):(—l)+l+(—l)=—

ueN|v]

Ifglv) =1, then z g +1+1 1.
ueN|v]

Sub case 2: Let V, & N[ ]

Ifg@) = —1, then %" g(u)=1+1+(-1)=1.
UENV

If g(wv) =1, then Z g =1+1+1=3.
ueN|v]

This implies that Z g( )<l,f0rsomeVEV.

UEN[V

So g isnot a SDF.

Since g is defined arbitrarily, it follows that there exists no
g < fsuch that g is a SDF.

Therefore f isa MSDF.

Case I1: Suppose m is odd.

+1 +1
Then [m_ —mt
2 2

By the definition of the function, —1 is assigned to mTH
vertices in each copy of K;,, whose degree is 2 and 1 is
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respectively. Also 1 is assigned to the vertices of B, in G.

Case 1: Let v € B, besuchthatd(v) =m+3inG.

> f(u):l+l+l+Hm;lj(—lﬁ(m—ﬂ)(l)} :3—%—%+g+%:3.

uiN] 2

So

Case 2: Let v € B, besuchthatd(v) =m+ 2inG.
So

e B L B

ueN|[v]
Case 3: Let v € Ky ,, besuchthatd(v) =m +1inG.

So
5 f(u):l{[mT“j(_l){m?“j@)}zl_g_%+g+%:1_

ueN[v]

Case 4: Let v € Ky ., be suchthatd(v) = 2inG.
Then f(v) = -1 or f(v) =1.

Iff() =—1, then 3" f(u)=1+1+(-1)=1.

ueN|[v]

Iff@) =1, then > f(u)=1+1+1=3.

ueN|[v]
Therefore for all possibilities,

we get Z f(u)zl,v veV.

ueN|[v]
This implies that f is a SDF.
Now we check for the minimality of f.

Define g: V - { =1, 1} by

gw) =

-1, for one vertex v, of P, in G,

se (igbr '-Eéﬂzt% Refrauph dhat éds) oF ke + @b &degree is 2 in G,

b cagriset v, € N[v].
Then
uc;mg(“):(*1)*1*“HmTHJ(*l)*(mT”)(”}:1*%’%*%*%:1'
Sub case 2: Let V, & N[V].

Then

ueN|[v] 2
Case (ii): Let v € B, be such that d(v) = m + 2inG.

Sub case 1: Let V, € N[V].

> g(u):l+1+1+KmTJrlj(—lﬁ[M](l)} _g_m_ 1. m. 1 4
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Then

ug[lv]g(u)= (_1)+1+KmTﬂj(_l)+(mTﬂ)(l)} = 0-%—%+%+% =0.
Sub case 2: Let V| & N[v],

Then
u;Mg(u):1+1+KmT”j(—ﬂ{mT”)(l)}zz_g_%%%zz
Case (iii): Let v € K, ,, be such that d(v) = m + 1in G.

Sub case 1: Let V| € N[V]_

Then
ue%‘v]g(u):(_1){(%%)(_1){%”](1)}=(—1)—g—%+g+%=—1,

Sub case 2: Let V, & N[V].

Then

D e

Case (iv): Let v € K; ,, be such thatd(v) = 2inG.

Theng(v) = -1 or glv) = 1.

Sub case 1: Let V, € N[V].

Ifg(w) = -1, then $° g(u)=(~1)+1+(-1)=-L1.

ueN|[v]

Ifg(v) =1, then Z g(u):(—1)+1+1=1.

ueN|v]
Sub case 2: Let V, & N[V].

If g(v) = —1, then > glu)=1+1+(-1)=1.

ueN[v]

Ifgw) =1, then " g(u)=1+1+1=3.

ueN[v]

This implies that Z g(u) <1, forsomeveV.
ueN|[v]
So g isnot a SDF.

Since g is defined arbitrarily, it follows that there exists no
g < f suchthat g isa SDF.

Therefore fisaMSDF. =

4. TOTAL SIGNED DOMINATING FUNCTIONS

In this section we discuss total signed dominating
functions and minimal total signed dominating functions of
graph G = P, © Ky . First we recall the definitions of total
signed dominating function of a graph.

Definition: Let G (V,E ) beagraph. Afunctionf: V —
{—1, 1} is called a total signed dominating function

38



International Journal of Applied Information Systems (1JAIS) — ISSN : 2249-0868
Foundation of Computer Science FCS, New York, USA

Volume 6- No. 9, March 2014 — www.ijais.org

(TSDF) of G if
f(N(w)) = Z f(U)Zl, for each v eV.

ueN(v)

A total signed dominating function f of G is
called a minimal total signed dominating function
(MTSDF) if for all g < f, g is not a total signed
dominating function.

Theorem 4.1: A function f: V — { -1, 1} defined by
f) =

-1, for’LmJTvertices of K, . whosedegree is 2 in each copyin G,
a Minima&lITotal Signed ]Iﬂominating Function of G =

b pyherwise.
Proof: Consider the graph G = P,© K, ,,, with vertex set V.
Let f be a function defined as in the hypothesis.

Case I: Suppose m is even.
ml_m
Then [7J =

By the definition of the function, -1 is assigned to % vertices
of Ky ,,, whose degree is 2 in each copy in G and 1 is assigned
to %+l vertices of K ,,, in each copy in G. Also 1 is assigned

to the vertices of P, in G.
Case 1: Letv € P, besuchthatd(v) = m+ 3inG.

Then N(v) contains m + 1 vertices of K ,,, and two vertices

of B, in G.

So 3 f(u):1+14{%(_1)+[m+1j(1)}:2—%+%+1:3.

ueN(v) 2
Case 2: Let v € B, besuchthatd(v) =m+ 2 inG.
Then N(v) contains m + 1 vertices of K ,,, and one vertex of
P, in G.

> f(u)zl{g(—l){%ﬂj(l)}:l—%+%+1:2.

ueN (v)
Case 3: Letv € K; ,, be suchthat d(v) =m +1inG.

Then N (v) contains m vertices of K; ,,, whose degree is 2 and
one vertex of B, in G.

So 3 f(u)=1+| (1 (mjl MMy
3 r)-re| 3+ FJ0)-1- 743
case 4: Let v € Ky, be suchthat d(v) = 2in G.

Then N (v) contains one vertex of K; ,,, whose degree is
m + 1 and one vertex of P, in G.

So 3 f(u)=1+1=2

ueN(v)

Therefore for all possibilities,

we get Z f(u)21, vV veV.

ueN (v)
This implies that f is a Total Signed Dominating Function.
Now we check for the minimality of f.
Defineg:V — { -1, 1} by
g) =
Ca

-1, foronevertexv, of P, inG,
e ﬂ):ibe%b werBediosuch thehdbaiebgreas £ i8 éackscopyin G,

1, otherwise.
ub case 1: Let V, € N(V).

Then

ueN(v)

Q(U):(—1)+1+[9(—1)+(E+1](1)}:o_gﬂﬂzl

2

Sub case 2: Let V|, & N (V).

Then > g(u):l+l+[g(—l)+(g+lj(l)} = 2—%+%+1:3-

ueN (v)

Case (ii): Let v € B, be such thatd(v) = m + 2 in G.
Sub case 1: Let V, € N(V).

Then

ueN(v)

Sub case 2: Let V|, & N (V).

Then s~ g(u)zl{m(_m[mﬂja)}:1_g+ﬂ+1:2.

ueN(v) 2 2 2

Case (iii): Let v € Ky, be suchthat d(v) =m + 1inG.

Sub case 1: Let V, € N (V).

Then 3 g(u)= (_1){9(_1){9)(1)} - (_1)—g+g =-1

ueN(v)

Sub case 2: Let V, & N (V).

Then s~ g(u)=1+[g(—l)+(m](l)}:1_m+m:1'

ueN(v) 2 2 2

Case (iv): Let v € K; ,,, be such that d(v) = 2in G.

Sub case 1: Let V, € N (V).

Then Z g(u): (—1)+1: 0.

ueN (v)

Sub case 2: Let V, & N[V].
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Then Z g(u)=1+1= 2.

ueN (v)

From the above cases, it implies that Z g(u) <1,
ueN (v)
forsomev e V.

So g isnota TSDF.

Since g is defined arbitrarily, it follows that there exists no
g < fsuchthat g isa TSDF.

Thus f is a MTSDF.

Case I1: Suppose m is odd. Then EJ = mT'l

By the definition of the function, -1 is assigned to mT_l
vertices of K; ,,, whose degree is 2 in each copy in G and 1 is

assigned to (mT“
Also 1 is assigned to the vertices of B, in G.
Case 1: Let v € B, be suchthat d(v) =m + 3 inG.

) + 1 vertices of K; ,, in each copy in G.

So
3 f(u):1+1+[[m7’1)(—1)+(m—”+1J(1)} P YL LSS

ueN(v) 2 2 2 2 2

Case 2: Let v € B, besuchthatd(v) =m+ 2 inG.
So

m-1 m+1 m 1 m 1
f(u)=1 — )+ —+1 ) |=1-—+=+—+=+1=3.
2, {[ 2 j( )+( 2 +M 2ttt
Case 3: Letv € K; ,,, be suchthat d(v) =m +1inG.

So

ueN(v) 2 2 2 2
Case 4: Letv € K; ,,, be such that d(v) = 2in G.

So Y f(u)=1+1=2

ueN(v)
Therefore for all possibilities,

we get Z f(u)zl,v veV.

ueN (v)
This implies that f is a Total Signed Dominating Function.
Now we check for the minimality of f.

Defineg : V— {-1, 1} by

g)
= (-1, foronevertex v, of P, in G,

-1, for[m?_lj vertices of K, whosedegree is 2 in each copy in G,

1, otherwise.

Case (i): Let v € B, be such that d(v) =m + 3in G.

Sub case 1: Let V, € N (V).

)y f(u)=1+KmT-lj<_1>+[mT+l+lj@}=1_m+1+m+1+1=3.

Then
> g(u):(—l)+1+{[m771](—1)+[mTJrl-u)(l)} —o-Mi i mlis

ueN(v)

Sub case 2: Let V|, & N (V).

Then

% =tae] [T (M) -2 o2 B teaes

o 2 2 2 2 2 2
Case (ii): Let v € P, be such that d(v) = m +2in G.

Sub case 1: Let V, € N (V).

Then
3 o= | [0+ (T (9 2e Bt

ueN(v) 2

Sub case 2: Let V|, & N (V).

Then

% a1+ (" e+ (Tt -1 2 B 2

ueN(v)

Case (iii): Let v € Ky, be suchthat d(v) =m + 1inG.

Sub case 1: Let V, € N (V).

Then

PR O sy BN LA | ML
Sub case 2: Let V|, & N (V).

Then
s o]-35 5

Case (iv): Let v € K; ,,, be such that d(v) = 2in G.

Sub case 1: Let V, € N[V].

Then %" g(u)=(-1)+1=0.

ueN(v)

Sub case 2: Let V|, & N(V).

Then 3 g(u)=1+1=2.
ueN(v)
This implies that z g(u) <1, for some veV.
ueN(v)
So g isnota TSDF.
Since g is defined arbitrarily, it follows that there exists no
g < fsuchthat g isa TSDF.
Thus f isa MTSDF.

5. CONCLUSION

It is interesting to study the signed and total signed
dominating functions of the corona product graph of a path
with a star. This work gives the scope for the study of
convexity of these functions and the authors have also studied
this concept.
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6. ILLUSTRATION

G=P,0OK,g4

The function f takes the value -1 for %vertices in each

copy of K, g whose degree is 2 and the value 1 for the
remaining vertices in G.
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