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Abstract 

G. Mahadevan et.al., introduced the concept of 

restrained step domination number of a graph recently in [5]. 

A set  of a graph G is said to be restrained step 

dominating set, if  is the restrained dominating set and 

 is a perfect matching. The minimum cardinality 

taken over all the restrained step dominating sets is called the 

restrained step domination number of G and is denoted by 

(G). In this paper we investigate this restrained step 

domination number for some standard derived graphs like 

splitting graph, square graph and grid related graphs like 

triangular grid. 
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Introduction 

The concept of complementary perfect domination 

was introduced  by Paulraj Joseph et.al., [4]. A set is called a 

complementary perfect dominating set if S is a dominating set 

of G and the induced subgraph  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 

(G). The concept of restrained domination number was 

introduced by Gayla. S et.al., [1]. A dominating set is said to 

be restrained dominating set if every vertex in  is 

adjacent to atleast one vertex in S as well as in . The 

minimum cardinality taken over all restrained dominating sets 

in G is restrained domination number and denoted by  (G). 

 Motivated  by the above,  G. Mahadevan, et, al., [5] 

introduced the concept of restrained step domination number 

of a graph. A set  of a graph G is said to be restrained 

step dominating set, if  is the restrained dominating set 

and  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 (G). 

     The splitting graph of G, S’(G) is obtained from G by 

adding for each vertex v of G a new vertex v’ so that v’ is 

adjacent to every vertex that is adjacent to v. Note that if G is 

a (p,q) graph then S’(G) is (2p,3q) graph. The square of a 

graph G has V(G2)=V(G) with u,v is adjacent in G2 whenever 

d(u,v) 2 in G.The graph triangular grid Tp is obtained by 

attaching p triangles to the vertices of  Tp-1 name as 

{a1
p,a2

p,..ap
p}. In T1 there is only one triangle. Let the vertices 

of 
1T  be {a1

0,a1
1,a2

1}. In 
2T  attach 2 triangles to the vertices 

{a1
1,a2

1}. Let the vertices of  T2 be {a1
1,a2

1,a1
2,a2

2,a3
2},….and 

the vertices of the Tp be {a1
0,a1

1,a2
1,….. a1

p-1, a2
p-1,…. ap-1

p-1, 

a1
p, a2

p,…. ap
p}.  

 

Restrained step domination number for splitting graphs of 

path and cycle  
 

In this section we have found rsd- number for splitting graph 

of path and cycle along with examples 

Theorem 2.1 For a path Pp, (S’( Pp) ) 

=   

Proof  Let V(Pp)={v1,v2,….vp}. Hence V(S’( Pp) ) 

={v1,v2,v3,…vp,, v1
’ ,v2

’,…vp
’}. 

Let S1={vi : i  2 (mod 5)}, 

S2={vi : i  3 (mod 5)}, 

S3={vi : i  0 (mod 5)}, 
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S4={vi
’ : i  1 (mod 5)}, 

S5={vi
’ : i  4 (mod 5)}, 

S6={vi
’ : i  0 (mod 5)} 

Case i p  0 (mod 5) 

S=S1  S2  S3 S4  S5 S6 is the restrained step 

dominating set whose cardinlity is . 

Case ii p  1 (mod 5) 

S=S1  S2  S3 S4  S5 S6 { vp}  is the restrained step 

dominating set whose cardinality is . 

Case iii p  2 (mod 5) 

S={vi : i  2 (mod 5) & i p}   S2  S3 S4  S5 S6  

{vp
’} is the restrained step dominating set whose cardinality is 

 

Case iv p  3 (mod 5) 

S=S1  S2  S3 S4  S5 S6  {vp
’}  is the restrained step 

dominating set whose cardinality is . 

Case v p  4 (mod 5) 

S= S1  S2  S3 S4  S5 S6 is the restrained step 

dominating set whose cardinality is . 

In all the cases S is the minimum restrained step dominating 

set. 

Example. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here the darkened vertices are restrained step dominating set. 

In the figure 2.1, S= { v2, v3, v5, v1’, v4’,v5’} is the restrained 

step dominating set, |S|=6. 

Also,  implies (S’( Pp) ) =  

(S’( P5) )= =6. 

In the figure 2.2, S= { v2, v3, v5, v6, v1’, v4’,v5’,v6’} is the 

restrained step dominating set, |S|=8. 

Also,  implies (S’( Pp) ) =  

(S’( P6) )= . 

In the figure 2.3, S= { v2, v3, v5, v6, v1’, v4’,v5’,v7’} is the 

restrained step dominating set, |S|=8. 

Also,  implies (S’( Pp) ) =  

(S’( P7) )= . 

In the figure 2.4, S= { v2, v3, v5, v7,v8,  v1’, v4’,v5’,v6’, v8’} is 

the restrained step dominating set, |S|=10. 

Also,  implies (S’( Pp) ) =  

(S’( P8) )= . 

In the figure 2.5, S= { v2, v3, v5, v7,v8,  v1’, v4’,v5’,v6’, v9’} is 

the restrained step dominating set, |S|=10. 

Also,  implies (S’( Pp) ) =  

(S’( P9) )= . 

Theorem 2.2 For a cycle Cp, (S’( Cp) 

)=   

Proof  Let V(Cp)={v1,v2,….vp} . Hence V(S’( 

Cp))={v1,v2,v3,…vp,, v1
’ ,v2

’,…vp
’}. 

For 

, , and 

the result follows from the previous 

theorem 2.1 

For , S={vi : i  2 (mod 5) & i p}  {vi : 

i  3 (mod 5)}  {vi
’ : i  1 (mod 5)}  {vp, vp-1} {vi

’ : i 

 4 (mod 5)}  {vi
’ : i  0 (mod 5)} {vp-1’,  vp

’} is the 

restrained step dominating set whose cardinlity is 

 

In all the cases S is the minimum restrained step dominating 

set. 

 

Restrained step domination number for square graph of 

path and cycle  

 

In this section we have found rsd-number for square graph of 

v5 v1 
v2 v3 v4 

v1’ v2’ v3’ v4’ v5’ 

Figure 2.1 

Figure 2.2 

v1 
v2 v3 v4 

v1’ v2’ v3’ v4’ v5’ 

v5 v6 

v6’ 

Figure 2.3 

v1 
v2 v3 v4 

v1’ v2’ v3’ v4’ v5’ 

v5 v6 

v6’ 

v7 

v7’ 

Figure 2.4 

v1 
v2 v3 v4 

v1’ v2’ v3’ v4’ v5’ 

v5 v6 

v6’ 

v7 

v7’ v8’ 

v8 

v1 

Figure 2.5 
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path and cycle along with some examples. 

 

Theorem 3.1  For a path, 

 

Proof  Let  v1,v2,… ,vp be the set of all vertices such that 

v1v2....vp is a walk and v1v3,v3v5,…vp-3vp-1,v2v4,v4v6…vp-2vp  

E(G). Let S={vi : i } {vi : i 

}. If  p , then S is the 

restrained step dominating set implies . If  p 

, then S {vp} is the restrained step 

dominating set implies  If  p 

, then S is the restrained step dominating set 

implies If  p , then S is 

the restrained step dominating set implies  

In all the cases S is the minimum restrained step dominating 

set. 

 

Example  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Illustration 

Here the darkened vertices are restrained step dominating set. 

 In figure 3.1, S={v3,v4,v7,v8} is the restrained step 

dominating set, |S|=4, 

 ,  hence 

. 

In figure 3.2, S={v3,v4,v7,v8,v9} is the restrained step 

dominating set, |S|=5, 

 ,  hence 

. 

In figure 3.3, S={v3,v4,v7,v8} is the restrained step dominating 

set, |S|=4, 

 ,  hence 

. 

In figure 3.4, S={v3,v4,v7,v8,v11} is the restrained step 

dominating set, |S|=5, 

 ,  hence  

 

 

 

Theorem3.2  For a Cycle, 

 

Proof  Let  v1,v2,… ,vp be the set of all vertices such that 

v1v2....vpv1 is a cycle and v1v3,v3v5,…vp-3vp-1,v2v4,v4v6…vp-2vp 

 E(G). Let S={vi : i } {vi : i 

}. If  p , then S is the 

restrained step dominating set implies . If  p 

, then S {vp} is the restrained step 

dominating set implies  If  p 

, then S {vp-1,vp} is the restrained step 

dominating set implies If  p 

, then S {vp-2,vp-1}is the restrained step 

dominating set implies  

In all the cases S is the minimum restrained step dominating 

set. 

 

4 Restrained step domination number for triangular grid 

graph. 

 

In this section we have found rsd- number of triangular grid 

graph when the grid is odd and even. 

Theorem 4.1 If p is odd, then  

 

v1 v2 v3 v4 v5 v6 v7 v8 

Figure 3.1 

v1 v2 v3 v4 v5 v6 v7 v8 

Figure 3.2 

v9 

v1 v2 v3 v4 v5 v6 v7 v8 

Figure 3.3 

v9 v10 

v1 v2 v3 v4 v5 v6 v7 v8 

Figure 3.4 

v9 v10 
v11 
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Proof  Let {v1
0,v1

1,v2
1,v1

2,v2
2,v3

2,…. ,v1
p,v2

p,….,vp+1
p-1} be the 

set of all vertices of the triangular grid graph. Let {vi
j-

1,vi
j,vi+1

j} be  a triangle thus the obtained graph is called as 

triangular grid graph. 

Let S’= 

 
Then the restrained step dominating set = 

S=  

Hence |S|= 

 
Implies that |S|= 

 

Therefore S| 

Now, we have to prove S| 

If  there exists a rstc- dominating set T, such that T S, V-T 

does not have independent edges, which contradicts the 

definition. Implies |S|,Hence S| 

 

Example Consider  the triangular grid graph T9 

 

 

  

  

 

 

 

 

 

 

 

 

 

Illustration Here the darkened vertices are restrained step 

dominating set.  

For     , 

 Hence 

 

Example Consider the triangular grid graph T7 

 

 

  

  

   

 

 

 

 

 

 

 

 

 

Illustration Here the darkened vertices are restrained step 

dominating set.  

For , 

. Hence 

. 

 

Theorem 4.2 If  p is even, then  

 
 

Proof  Let {v1
0,v1

1,v2
1,v1

2,v2
2,v3

2,…. ,v1
p,v2

p,….,vp+1
p-1} be the 

set of all vertices of the triangular grid graph. Let {vi
j-

1,vi
j,vi+1

j} be  a triangle thus the obtained graph is called as 

triangular grid graph. 

 

Figure 4.1 

Figure 4.2 
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Then the restrained step dominating set = 

S=  

Hence |S|= 

 
Implies that |S|= 

 

Therefore S| 

If  there exists a rstc- dominating set T, such that T S, V-T 

does not have independent edges, which contradicts the 

definition. Implies |S|,Hence S| 

 

Conclusion 

 

In this paper we have found the restrained step domination 

number for some derived graph  such as square graph and 

splitting graph. Also we have found the restrained step 

domination number for triangular grid graph.  

 

 

 

References  

[1]    Gayla S. Domkea Johannes H. Hattingha Stephen T. 

Hedetniemi Renu C. Laskar, Lisa R. Marku.(1999): 

Restrained domination in graphs, Discrete 

Mathematics, Vol. 203 pp. 61 - 69  

[2]  Harary F Graph Theory, Addison Wesley Reading 

Mass(1972).  

[3] Haynes T.W, S. T.Hedetniemi and P.J.Slater, 

(1998):Fundamentals of Domination in Graphs, Marcel 

Dekker, Inc., New York,  

[4]   J.Paulraj Joseph, G.Mahadevan and A. Selvam (2006):On 

complementary perfect domination number of a graph,  
Acta Ciencia Indica, 846-854.  

[5]  Mahadevan .G, Iravithul Basira. A and  M. Vimala 

Suganthi, (2018): Restrained step domination number 

of a graph, Advances in pure & Applies Mathematics, 

,ISBN 978-93-86435-54-5, pp 31-40. 

[6]   Vizing, V.G., (1963) The cartesian product of graphs 

Vychisl. Sistemy, 9 30-14. 

[7]    Mahadevan G and Ayisha B(2013): Further Results On 

complementary perfect domination  number of a graph, 

International Mathematical Forum, Vol. 8, pp  85 -103.  

[8]      J. Jagan Mohana, Indrani Kelkarb. (2012): Restrained 

2-Domination Number of Compete Grid Graphs, 

International Journal of Applied Mathematics and 

Computation Journal,Vol 4(4) , pp 352–358. 

[9]    John Adrian Bondy, Murty U.S.R. (2008): Graph 

Theory, Springer.  

[10]     G. Mahadevan, A. Iravithul basira and C. Sivagnanam, 

(2016) “complementary connected perfect domination 

number of a graph”, International Journal of  Pure and 

applied Mathematics, Vol.106 No. 6  ,  pp 17-24. 

[11]   R. Kala and T. R. Nirmal Vasantha(2008): Restrained 

double domination number of a graph, AKCE J. 

Graphs. Combinatorics, Vol. 5, No.1, pp 73-82. 

[12]    Mahadevan G (2005): On domination theory and 

related concepts in graphs, Ph.D. thesis, 

Manonmaniam Sundaranar University, Tirunelveli, 

India. 

 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 8, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 11 of 11


