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ABSTRACT

Corona domination was initiated by G. Mahadevan, et.al. in 2021 [4]. A subset S of a vertex set V is called
a dominating set of a graph if every vertex of V — S is adjacent with at least one vertex (point) in S. The
dominating set S is called a corona dominating set (CD-set), if every vertex in < S > is either a pendant
vertex or a support vertex. The cardinality which is minimum among all CD-sets is known as corona
domination number and is represented by y.,(G). This paper investigates the corona domination number
of some ladder graphs.
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1. INTRODUCTION

Every graph G = (V, E) taken here are undirected, connected and contain no isolated vertex and loops. A
total dominating set is a dominating set S with the added requirement that the induced subgraph < S >
contains no isolated vertices. The total domination number y,(G) of G represents the minimum cardinality
of any such total dominating sets of G [1, 2].

A dominating set S of a graph G is said to be a CD-set, if every vertex in < § > is either a pendant vertex or
a support vertex (If a vertex is adjacent to a pendant vertex, that vertex is known to be support vertex). The
minimum cardinality of a CD-set is called as CD-number and it is denoted by yp(G). In Fig.1. S = {1, 3,8}
is a CD-set of G and it is minimum, hence y.p(G) = 3. Since all CD-sets of G is a dominating set as well as
a total dominating set, we have y(G) < y,(G) < ycp(G). Various researchers have studied related
domination concepts such as paired domination, total domination, tadpole domination and so on.
Mahadevan, et.al. Initiated a concept of corona domination and it was named so as the structure of < S >
resembles the arrangement of corona cells. They have found the corona domination number of path, cycle
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and central graph, middle graph, splitting graph of some graphs [4]. In 2023, Praveenkumar e. al. obtained
the corona domination number of P, X C,, diamond snake graph, middle graph of friendship graph and
tadpole graph [5].

Figure 1: Graph G

The ladder graph is named for its visual similarity to a ladder consisting of two rails and n rungs between
them. The n —ladder graph is defined as L, = P, X B, where P, is a path graph. It is therefore same as the
2 Xn grid graph. It plays an important role in many applications like electronics, digital to analog
conversions, wireless and electrical communication such as Wi Fi, cellular phones and so on. The main goal
of this article is to obtain the CD-number of certain ladder graphs.

2. PRELIMINARIES

Definition 2.1.
A ladder graph L,, for n > 2 is a graph of order 2n, constructed from P, X B, with V(L,) = {u;,v;: 1 <
i<n}and E(L,) = {4uip1, ViV 1 <i<n-1u{yy;: 1 <i<n}6]

Definition 2.2.

Diamond ladder Dl,, is a graph with V(Dl,) = {x;y;z;; 1 <i<n,1 <j <2n} and set E(DL,) =
{xixis1, ViYiss 1 Sisn—-1}U{xy; 1<i<n}u {zjsz; 2<j<2n-2forj even} u
{XiZ3i-1, Xi221, ¥iZi-1, ¥iZ0i; 1 ST <n}[3].

Definition 2.3.
Triangular ladderTL,, is derived from L, with n > 2 by adding the edges E(G) = {u;41v;; 1 <i<n—1}
[6].

Definition 2.4.

A slanting ladderSLy, is the graph derived from two paths u; and v; by joining each w; with vj,4, 1 <i <
n-11<j < n-1[6

Definition 2.5.

Diagonal ladder DL,, is a derived from L, by adding the edges E(G) = {uv;4;: 1 <i<n-—-1}U

{fujzv; 01 <i<n-—1}foralln = 2 [6].

3. MAIN RESULTS

Theorem 3.1. Let G be a diamond ladder, then y-p (G) = n.

Proof. We denote the vertices of top, middle and bottom part of a diamond ladder by x;, z;,y;, 1 <i <
n,1 <j < 2nrespectively as shown in Fig. 2. There are 4n vertices and 8n — 3 edges in diamond ladder.
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Fig. 2: Diamond ladder graph DI,

Consider the sets,

S, = {xixiz,i=1mod (4),i<n—-1}, S, = {(y;yiz1, 1 =3mod (4),i <n-—3}
S; = {x;xi4,i=1mod (4),i <n—2}, S, = {y;yis1,i =3mod (4),i <n-—4}
Ss = {xixi11,i=1mod (4),i <n—3}, S¢ = {yYis1,i =3mod (4),i<n-1}
S; = {xixiz1,i =1mod (4),i <n—4}, Sg = {yyis1,i =3mod (4),i <n-2}

Now, let
S U S, ifn =2 mod (4)
S3US, U {x,}, ifn =3 mod(4)
§=1 5.US, ifn = 0 mod(4)
S, USg U {y.}, ifn =1mod(4)

Then S is CD- set & hence y.p(G) < |S| = n.Since y;(G) < yp(G) and y,(Dl,,) = n, we have yp(G) = n.
Thus we get the corona domination number of diamond ladder graphis n.

We illustrate the above theorem in the Fig. 3. The minimum CD- set is {(xy, X;), (¥3, Y1), (x5, X¢)}. Hence,
Yeo (Dlg) = 6.

Figure 3: Diamond ladder graph DI

Theorem 3.2. For the triangular ladder TL,,

n
4 [7] Lif n= 0,56 mod(7)

4 l;] +m ,if n =mmod(7) where m € {1,2}

}/CD(G) = n
4[5J+2 ,if n=3mod(7)

n
4IEJ+3 ,if n =4 mod(7)
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Proof. We denote the vertices of path P, in the top and bottom part of triangular ladder by u; and v;,1 <
i <n and it is shown in Fig. 4(a). There are 2n vertices and 4n — 3 edges in a triangular ladder.

u, u, u, u, u u,. o i, u, u, u, u,
P e
i Y Y3 Yy Vot Yo ¥ V3 Vi Vs Yo

7
IVI

b

Figure 4: (a) Triangular ladder graph TL,, (b) Triangular ladder graph TL¢

Consider the sets
Sy = {uyuypq; i=5mod (7), i #ni<n} and S, = {v;,v;41; i =2mod (7),i <n}
Now, let
S, US,,if n=0,3mod(7)
S1 U S, U{u,_quy,},if n = 5,6 mod(7)
S US, Ufu,_1}if n=1mod(7)
S US, U {u, v}, if n = 5,6 mod(7)
S US, Ufu,_4},if n=4mod(7)

Clearly S is a CD-set & hence
noo
4 [7] Lif n= 0,56 mod(7)

n
4 171 +m ,if n = mmod(7) wherem € {1,2}

Yep(G) = [S] =+ n
4[7]+2 Jif n =3 mod(7)

n
4[7] +3,if n =4 mod(7)
Since ¥;(G) < Y¢p(G) and
4 [g] Lif n= 0,56 mod(7)

4 BJ +m ,if n = mmod(7) where m € {1,2}

Vt(TLn) = n .
4[;] +2,if n=3mod(7)
4[?] +3,if n=4 mod(7)
4 [g] Jif n= 0,56 mod(7)
4 H +m ,if n =mmod(7) where m € {1,2}
we have Yen (G) = 7 N .
4[;] +2,if n=3mod(7)
4[?] +3 ,if n=4 mod(7)
Therefore,
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n
4 [7] Lif n= 0,56 mod(7)

n
4 171 +m ,if n = mmod(7) where m € {1,2}

Yen(G) = n
4[7j+2 Jif n =3 mod(7)

n
4[7j+3 Jif n =4 mod(7)

The minimum CD- set of a graph in Fig. 4 (b) is {(u,, v,),(us, v5)}. Hence ycp(TLe) = 4.

Theorem 3.3. For the slanting ladder SL,,

2 [ﬁl ,if n=0,4,5,mod(6)
_ 3

}/CD(G) - n

4 lg] +k ,if n=kmod(6) andk € {1,2,3}

Proof. We denote the vertices of path P, in the top and bottom part of slanting ladder by u; and v;, 1 <
i < n and it is shown in Fig. 5(a). There are 2n vertices and 3n — 3 edges in G.

”I H2 1,‘3 3;4 yn‘] un H] u: H_,‘ £t4 “S
\\'\. —.\ \A\ .
@ ® bt L?
v ; ; v v v v, v, v, v, vV,

I v Vs 4 n-l n & ; )

Fig. 5: (a) Slanting ladder graph SL,, (b) Slanting ladder graph SLs

Consider the sets
S, = {upuypq; i=4mod (6), i #n,i<n} and S, = {v;,v;; I =2mod (6),i < n}
Now, let,
S1US,, if n=0mod(6)
S1US, Ufu,_q,u,}if n = 2,4,5mod(6)
§= S;US, Uf{u,_1},if n = 1mod(6)
S1US, U{u,_1},if n=3mod(6)

Clearly, Sis a CD-set of G & hence

2 E] ,if n=0,4,5mod(6)

Yep(G) < IS| = n .
4 [g] +k ,if n=kmod(6) andk € {1,2,3}

2 E] ,if n = 0,4,5,mod(6)
Since y,(G) < y¢p(G) and y,(SLy,) = n ;

4 lg] +k ,if n=kmod(6) and k € {1,2,3}
h o 2 E] ,if n = 0,4,5, mod(6)

we have Yo (G) 2 4 EJ +k ,if n=kmod(6) and k € {1,2,3}
Therefore,

2[%] ,if n = 0,4,5,mod(6)
3

Yen (G) = n

4 [gj +k,if n=kmod(6) andk € {1,2,3}

The minimum CD-set of a graph in Fig. 5 (b) is {(uy, v5),(ug, vs)}.
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Hence, ycp(SLs) = 4.

Theorem 3.4. For the diagonal ladder DL,

noo
[E] ,if n = 0,1,3 mod(4)

YCD(G) =3n
§+ 1,if n =2mod(4)

Proof. Consider V(G) = {u;,v;: 1 <i<n}and E(G) = {wuj;,,ViVi;1:1<i<n—-1}1U{yv:1<i<
npU{yv:1<i<n—-1}u{yv;:1<i<n—-1}foralln=2 . There are2n vertices and 3n—3

edges in G.

I, u, i, u, u, u u, u, i, u, u, u,
iy

< : ; ¢ 7 5 V, V v v 1‘% ‘.“

il Y 11 ‘4 !n-l. 1n ! 2 3 * . R

Figure 6: (a) Diagonal ladder graph DL, (b) Diagonal ladder graph DL,

Consider the set S; = {u;v;44; i = 2 mod (4)}

S1,if n=0,3mod (4)
Now let, S=1% S U{u,_1},if n=1mod(4)
S1 U {uy, v} if n = 2mod(4)

Then S is a CD-set & hence
[g] Jif n=0,1,3 mod(4)

Yen(G) < |S| =
P g+1,ifn52mod(4)

E] if n=0,1,3mod(4)

n

Since y:(G) < y¢p(G) and y(DLy,) = )
s+ 1,if n =2mod(4)

n .
=|,if n =0,1,3mod(4)
we have Yep(G) = 1[2] ! .
E+1,ifn = 2mod(4)

Therefore,

ny —
[El ,if n = 0,1,3 mod(4)

YCD(G) =3\n
§+ 1,if n =2mod(4)

The minimum CD-set of a graph in Fig. 6 (b) is {(u,, v;),(us, vs)}. Hence, y.p(DLg) = 4.
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4. CONCLUSION

In this article, we have got the corona domination number of ladder graphs such as diamond ladder,
triangle ladder, slanting ladder and diagonal ladder. Finding the corona domination number helps in
determining the minimum cardinality of monitoring points needed for complete surveillance, ensuring
that key locations (vertices) have adjacent monitors.
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