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Restrained Step Domination Number for Some
Amusing Product Graph of Paths and Cycle

G.Mahadevan, M.Vimala Suganthi

Abstract: G. Mahadevan, et, al., introduced the concept of
restrained step domination number of a graph. Aset 8 = Vofa
graph G is said to be restrained step dominating set, if = & = is
the restrained dominating set and <= ¥/ — 5 == is a perfect
matching. The minimum cardinality taken over all the
restrained step dominating set is called the restrained step
domination number of G and is denoted by ¥,z (G). In this
paper we explore this parameter for some product graph of path
and cycle.
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I. INTRODUCTION

Paulraj Joseph etal., [4], in the year 2006
introduced the concept of complementary perfect
domination. A set is called a complementary perfect
dominating set if S is a dominating set of G and the induced
subgraph =<V — S5 == has a perfect matching. The
minimum cardinality taken over all complementary perfect
dominating sets is called the complementary perfect
domination number and is denoted by Yep (G). Further

results of complementary perfect domination number is
discussed in [7,12]. The concept of restrained domination
number was introduced by Gayla.S et.al., in the year 1999
[1]. A dominating set is said to be restrained dominating set
if every vertex in << ¥V — 5 == is adjacent to atleast one
vertex in S as well as in V. — 5. The minimum cardinality
taken over all restrained dominating sets in G is restrained
dominating number and denoted by ",-fr(G). Further results of
restrained dominating number is been discussed in [8,11].
Inspired by the above, imposing a condition on the
complement of restrained dominating set, G. Mahadevan,
etal., [5] introduced the concept of restrained step
domination number of a graph in the year 2018. Aset S & W
of a graph G is said to be restrained step dominating set, if
= 5 = isthe restrained dominating setand << V" — 5 = is
a perfect matching. The minimum cardinality taken over all
the restrained step dominating set is called the restrained step
dominating number of G and is denoted by ¥ ped (G).
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The corona G;OG, is defined as the graph G
obtained by taking one copy of G, of order p; and p; copies of
G, and then joining the i"" vertex of G, to every vertex in the
i" copy of G,. In this graph vertices are denoted as v; and w;'
where v; are the vertices of the graph G, w; are the vertices of
the graph G, and w;' denotes the vertices of the copies of the
graph G, attached to the vertex of G;. For any two simple

graphs G and H, the tensor product of G and H has vertex set
V(G @H)=V(G) X V(H), edge set E(G & H)={(a,b)(c,d)/ac
£ E(G) and bd = E(H)}.

Preliminary result: We use the following preliminary result

in our subsequent discussions.

Theorem 1.1 [5] For a connected graph C,, p = 3,
2 I

- if p =0 (meod 3)

pt2

Y (Cp) =13 if P 1 [ITIDC]. 3]

? if p = 2 (mod 3).

Theorem 1.2 [13]If n=p and p = 0,1( mod 3), then
Vrsee (C,& Cy)

sl +[Elp rn=o0mods)

3151+ ]
22| |+ (E|+ e ifn=2(moa3)
Theorem 1.3 [ 13] If n=pand p = 2 (mod 3), then
Vrste (C,& Cy)

HICIHRRE
| Ep +2+[Fe
EJ (2 ED +2+ ([ﬂ +1)p if n=2 (meod3)

2 p
2 P if n =1 (mod 3)

if n=0 (mod 3)
if n=1 (mod 3)

Il. RESTRAINED STEP DOMINATION NUMBER

OF CORONA PRODUCT OF GRAPHS

Theorem 2.1 For a corona product C, (3 F, where C, is
the cycle with p vertices and Ps is the path with s vertices,

P if s = 0 (mod 3)
3
then Ve (C, O P,) = {252 if s =1 (mod 3)
p(s+1)

S ifs = 2 (mod 3).
Proof Let C, () F_ be the corona product graph. Let the
vertices in the cycle C, be {v1,V2,...,vp} and the vertices in the
path Psbe {wi,Wa,....,ws} as C (2) P, is the corona product
the vertices in the graph are
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V1 Va,e Vo W WO W WP WP WS Every
vertices of the path w,',wy',...,w{' is connected to the vertex v;,
where 1 = 1 < p. In the graph v;, Wy’ W,...,ws, where
1=1i=p forms the cycle with s+1 vetices. Hence

Vesa (Cp © B.) = P(¥pea(C,e1)) . by theorem 1.1
implies

pist3) if = =0 (mod 3)
3
__ Jpiet5) .
Yred [Cp O] PB) =175 if = =1 (mod 3)
pie+1l)

S ifs = 2 (mod 3).

Example Consider the graphs C3 (D P;, C; O P,

C; DR wil ot

Wy

W22 W32 W42 Wy W3 4
Figure 2.2
wt o owetow!

W53

W43

2
Wt owp? wat w2 Ws” W2" w3

Figure 2.3
lllustration In figure 2.1, S={v1,V5,vs,Ws',ws® W5} is the
dset, [S= 6 (c, O p,)= B2
rsd-set, IS|= : Yeed | bp = 3 ,
ifs =0 (mod 3) Hence
3(3+3)
Y!"Ed [EH G’ PH:] = 3 == 6- 2.2,
S:{Vl,Vg,V3,W31,W41, W32, W42,W33, W43} is the rsd-set, |S|: 9.
(=+5) ,
Yeed [Cp QFP)= %}, ifs =1 (mod 3). Hence

3 4+5)
Yred [EE G P4:] = 3 =9.
S:{V11V21V31W311W321W33} the

In figure

In 2.3,

6.

figure

is rsd-set, |S|=

Retrieval Number: D101012845519/2019©BEIESP
DOI:10.35940/ijrte.D1010.12845519

Yped [Cp QFP)= %ﬂ}, if s =0 (mod 3). Hence

I(5+1)
Yred [EE G PE:] = 3 = 6.

Theorem 2.2 For a corona product F, () P, where C, and

Ps is the paths with p and s vertices, then
BetD) s =0 (mod 3)
3
pie+5) .,
Yred [Pp © PB) =\ if £ =1 (mod 3)
ple+1)

if s = 2 (mod 3).

3
Proof As ¥,.q [Pp ®© P‘E) = Yyped [Cp © PB) the proof is
same as the theorem 2.1

Theroem 2.3 For a corona product By (© C, whereP,isthe
path with p vertices and Cs is the cycle with s vertices, then

p(s43) .. _
— if = =0 (mod 3)
__ Jpiet5) .
Yred [Pp © CS) =175 if = =1 (mod 3)
pl=+7)

2 if s = 2 (mod 3).

Proof Let B, () C_ be the corona product graph. Let the
vertices in the path Py be {w;,w,,....,wy} and let the vertices
in the cycle Csbe {vi,vs,...,vs}. Let the vertices in the product
graph be {wi,Wy,....,w,, Vit Vol veh vt VP v
Clearly, each vertices w; dominates the each cycles
Vi'Vo,...vs where,1 = i = p. Hence {wy,W,,....,w,} is a
rsd-set whose cardinality is p. Also rsd-number for p-copies
of the cycle vi'\v5,...vd where,1 < i < pisp. Vg (C.).
Hence ¥4 (_Pp O cs) =p+ P-Yred (csj by theorem
1.1.Therefore,

pis+3) if s =0 (mod 3)
3
(45 .
Yred [P’p G}CB} = %} ifs =1 (mod3)
@ if s =2 (mod 3).
Example
V22
V12 V32
Wy W3
W,
. vt Vg3 v
V3
3
Vzl V,
Figure 2.4
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Figure 2.6 4
lllustration In figure 2.4, S={w:,Wo,Ws3,v5' vs? v5°} is the
pi s+3}
rsdset, S 6 YVea(B @ C)=F—
ifs =0 (mod 3) : Hence
3(343) ]
Yeed (P O C3) = =6. In figure 2.5,

3
S={wy,Wo, W, Vs Vi, Va2, Vi vad, v} s the rsd-set, |S|= 9

Yeed [Pp QC,)= %ﬁ}, ifs =1 (mod 3). Hence
3(445)

Veed (P © Cy) = == =9, In figure 26, S={

Wi, Wa,Wa Vst Vi, Vst Va2, Va2, Vis? vao, v, e} s the rsd-set,
(=+7) .,

IS|= 12 ¥peg [PF, © CS) = %}, ifs =2 (meod 3).

3(5+7)
Hence Yeea (P; © Cs) = ==

Theorem 2.4 For a corona product C, (2 C, where C, and
C, are the cycles with r and s vertices respectively, then

=12.

B3 jrs =0 (mod 3)
3
_ JpletE) ..
Yred [Cp @ CB) =1 if = =1 (mod 3)
prsm

ifs = 2 (mod 3).

Proof AS Y,.a [C ©cC ) Yred [P @ C,) the proof
is same as the theorem 2.3.
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I1l. RESTRAINED STEP DOMINATION NUMBER
FOR TENSOR PRODUCT OF GRAPHS

Theorem 3.1 If n=p and p = 0,1,2( mod 3) and p is odd,
then

S e
SBIE]+ Bl

E(E]— 1) E} + m n ifn =2 (mod3).
Proof: Let Pn'@PID be the tensor product graphs of two paths.
Case 1:nisodd. Let S;={ vy j= 0,1 mod 6}, S,={vy;

j=24mod6}, Se={vy 3= j=p, 1=i=n—2

if n=0 (mod 3)

if n =1 (mod 3)

i = 2,4 mod 6 and j = 1 mod 3}, Si={v;:
3<j<p , 1 i=n—2
i =01lmod6andj=2mod3] , S:={v;

3I=j=p 1 =i=n—2andj=0mod3}
Se={Vosji 4 = j = p andj= 0 mod 3} U {vg,13:} and
S={vp: 1 =i=n } If n=0(med3) , S=
SIS, SIS, LSS, is the restrained step dominating set
=E E
E[E-HE-‘—F[E-‘TL It
n=1(mod3), S= S;US,US;US,US;USs is the
restrained step dominating set whose cardinality is
2 EJ m + E-‘n If n=2(med3) , S=
SIS, UIS;UIS,USUISELIS, is the restrained step dominating
set whose cardinality is E[E—w - 1) E} + E-‘ n
Thus, ¥psa (C& C)=[S].
Case2:niseven.LetS;={v;j=0,1 mod 6}, So={vy;:
j=24mod6}, Se={vy 3= j=p, 1=i=n—2
i = 2,4 mod 6 and j = 1 mod 3}, Si={vj;:
3=<j=p , 1 Zi=<n
i =01lmodéandj=2moed3} |, S={v
3<j=p, 1=i<nandj=0mod3} and
Se={vp: 1 =i=n } If n=0(moed3) 6 S=
S;US,US;US,US; is the restrained step dominating set
e E
E[E-HE-‘—F[E-‘TL I
n =1 (mod 3), S= S,US,US;US,US; is the restrained

step dominating set whose cardinality is 2 EJ Ew + E-‘ .

If n = 2 (mod 3), S= S,US,US;US,US;US is the

restrained step dominating set whose cardinality is
n i r

23] - [g] + [Z]»

Thus, ¥pse (Co® C)=I8).

In all the above cases ¥,..g =|S|, if there exists a restrained

step dominating set T =S, then the set <V - T> has atleast

one non-independent K,, which contradicts the definition
implies ¥psa =S|, Hence ¥psq (C& C,)=|S].

whose cardinality is

whose

cardinality is
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Theorem 3.2 If n=pandp = 0,1, 2 (mod 3) and p is even,
then

Yrea (P& Py) =
2 [ﬂ Fﬂ + E}n if n=0 (mod 3)
2|35+ 2= o
E(E]— 1) M + E—’J n ifn =2 (mod3).

3

1 (mod 3)

Proof: Restrained step dominating sets are taken as in
theorem 3.1, but differs only in cardinality i.e, Case 1: n is
odd. If n = 0 (mod 3), S= S,US,US,US,US;US; is the
restrained step dominating set whose cardinality is
2 m E} + E-‘n f mn=1(med3) , s=

SUS,UIS;UIS,USEUS, is the restrained step dominating set
=E E

E{EHJ—F[E-‘H' It

n=2 (mﬂd 3], S= 81USZUS3US4US5U86US7 is the

restrained step dominating set whose cardinality is
il B E

EELW 1) Lw t [3-‘ 7

Thus, ¥psa (Ch& C))=S].

Case 2: n is even If n=0(mod3), S=
S;US,US;US,US; is the restrained step dominating set

=2E E
2[2|[E] + [E]n
n =1 (meod 3), S= S;US,US;US,US; is the restrained

step dominating set whose cardinality is 2 EJ Eﬂ + E-‘ .

If n = 2 (mod 3), S= S;US,US;US,US;US; is the

restrained step dominating set whose cardinality is
n 7 P

25 -0 [F] + ]~

Thus, ¥ysq (C/& Cp)=IS).

In all the above cases ¥,..z =|S|, if there exists a restrained

step dominating set T =S, then the set <V - T> has atleast

one non-independent K,, which contradicts the definition

implies ¥psa =IS|. Hence ¥pes (C,& C,)=ISI.

Example 3.1 consider the graph Ps & Pg

whose cardinality is

whose cardinality is

Figure 3.1
Here the darkened vertices are the restrained step
dominating set . Whose cardinality is 20.

rraa 0,8 Po=2 5] [£] + [
& 6

Impliesyy.z (Ps@ Pg) =2 E-‘ [—w + [—w 6 =20

3 3
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Theorem 3.3 If n=p and p = 0,1( mod 3), then
Frsa (CP® Cn) =

2[5 [5]+ 5]
2|35+ 5]
22| [E]+ 2]+ e ifn=2 (mod3)

Proof is same as theorem 1.2.
Theorem 3.4 If n=pand p = 2 (mod 3), then

Vrsd (Cp® Cn)

if n=0 (mod 3)

if n =1 (mod 3)

E-‘ [EE-‘—FPJ—FE if n=0 (mod 3)

2| Ep +2+[2]»
H (2 ED +2+ EE]Jr Dp if n=2 (mod3)

3

if n=1 (mod 3)

Proof is same as theorem 1.2.

IV. CONCLUSION

A conclusion section is not required. Although a
conclusion may review the main points of the paper, do not
replicate the abstract as the conclusion. A conclusion might
elaborate on the importance of the work or suggest
applications and extensions.
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