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vertex u € S such that I'..(u, v) > 1, where I..(u, v) is the number of shortest paths connecting u and
v except the cut paths. The minimum cordiality of a CC-dominating set is called the CC-domination
number, denoted by y,..(G). This paper evaluates CC- domination Number in Corona product of some
standard graphs.

Objectives: Closely connected domination is new direction of Domination in Graphs, here find closely
connected domination number for corona product of path, cycle with some graphs

Methods: Consider the Graph G is undirected connected simple graph. The closely connected
domination number (CC- domination number) for product of graphs, which is represented as y..(G) is
the minimum cardinality of Closely connected dominating set.
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1. Introduction

In our day-to-day life, shortest route is a path between two destinations which traverses the
minimal distance over the network. Shortest route between different location cannot always be
preferable and we prefer routes that optimize the cost and time. This is possible only if another path
exists between the locations, even if the shortest route is not approachable. In graph theoretically,
places are considered as vertices and paths are edges in a graph. Then our aim is to find for those vertex
pairs which does not alter the connectivity of the graph. More precisely the vertex pairs do not
disconnect the graph even if the shortest path between them is deleted. For this idea K. Priya and V.
Anilkumar introduced closely connected vertices in [4]. Let G = (V,E), the vertices u,v € V are
closely connected if atleast one of the shortest paths connecting them is not a cut path.

The concept of domination discussed in [2,3] entirely depending upon the adjacency property of
vertices in a graph. But adjacency is not at all sufficient to characterize the vertex pairs in a graph as
the deletion of the edges linked by adjacent vertices may or may not disconnect the graph. A set S ©
V(G) is called a dominating set of G if every vertex in V(G) — S is adjacent to some vertex in S. The
domination number y(G) of G is the minimum cardinality of its dominating sets.

The concept of closely connected domination introduced by K. Priya and V. Anilkumar in [4] .
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A subset S of V is closely connected dominating set(abbreviated as CC-dominating set) if for every
vertex v € V\S there exist a vertex u € S such that I.c(u,v) = 1 where I';¢(u, v) is cardinality of
{p|P(u,v)|p is anota cut path in G}, where P(u, v) is the set of all shortest paths linking v and v in
G. The minimum cardinality of CC-dominating set is called CC-domination number, denoted by
Yec(G). The open CC-neighbourhood of a vertex v € V is the set N..(v) = {u € V: I..(u,v) = 1},
whereas the closed CC-neighbourhood of V' is defined as N..[v] = N¢¢(v) U {v}. The cardinality of
N¢c(v) is the CC-degree of v, denoted by deg(v). The vertex v is said to be CC-isolated if N..(v) =

¢.
2. Definitions and Previous Results
Definition 2.1 [4]

A subset S of I is closely connected dominating set(abbreviated as CC-dominating set) if for
every vertex v € IV\S there exist a vertex u € S such that I (u, v) = 1 where I (u, v) is cardinality
of {p|P(u, v)|p is a not a cut path in G}, where P(u, v) is the set of all shortest paths linking u and v
inG.

Definition 2.2[4]
The minimum cardinality of CC-dominating set is called CC-domination number, denoted by y..(G).

In this paper, we investigate the CC-domination number of Corona product of paths, cycles and
some standard graphs. For a graph G of order n, the following are some basic results of y,..(G) in [4].

1. 1<y.(G)<n.

2. Y..(G) = niff G is acyclic.

3. For path B, y..(B,) = n.

4. If G has no cut edge, then y,..(G) < y(G).

Theorem 2.3.[4] Let G be a graph and u € V(G) be CC-isolated. Then u belongs to every CC-
dominating set of G.

ifn=2

Theorem 2.4.[4] For the complete graph K,,. y..(K,) = {i % 2

Theorem 2.5. For the cycle C,, y..(C,) = y(C,) = E] ,Vn € N.

Proof. In C,, every vertex is closely connected only with its adjacent vertices, so we conclude the above
result.

3. Closely connected Domination number in Corona product of graphs

The Corona of two graphs G; and G, has been defined by Frucht and Harary in [1] to be the graph G
formed from one copy of G, and |V (G,)| copies of G,, where the i vertex of G, is adjacent to every
vertex in the i™ copy of G, and is denoted by G = G, ° G,.

Theorem 3.1[2] For the Path G = P, y(G) = E]
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Theorem 3.2.[4] For the path G = B, y..(G) = n.
Theorem 3.3. Forn > 1, y..(P, o K;) = 2n.

Proof. Let G = P, o Ky, let V(P,) = {54, 55, ..., 5.} and t; be the vertices of the i copy of K joined
tos;. Then V(G) = {sq, S5, ..., S} U {t1, t5, -+, t,, }. Every vertex in V(G) is CC-isolated vertex, By the
Theorem 1 we have all the CC-isolated vertices must belong to every CC-dominating set. The only
one CC-dominating set is V(G). Therefore y..(G) = |[V(G)| = 2n.

Theorem 3.4. Forn = 1, y..(P, ° K;) = n.

Proof. Let G = P, o K,. Let V(P,) = {sy1,S;, ..., 5.} and {t;y, t;»} be the vertex set of the i™ copy of K,
attached with S;. Then V(G) = {51,52,53, ., Sp} U {t11,t12} U {ty1,t22} U
~{ty1, the} and|V(G)| = 3n. In Figure 1,Every vertex s; of P, is closely connected with ¢t;; and t;,
but not closely connected with s;_; and s;,4. 1.e., I..(s;, ti1) = 1, I.(s;, tiz) = 1 and I..(s;, 5i-1) =
0 and I..(s;, Si+1) = 0. So, one of the minimums CC-dominating set D = {s;, s5, ..., S, }. Since all
vertices in G is closely connected to at least one vertex in D. On removing one vertex in D, it is not a
CC-dominating set. Hence y..(G) = |D| = n.

ti ty o ty  fa ta tul tn2

31 52 53 Sn

Figure 1 The Corona product P,, o K,

Theorem 3.6. The CC-domination number of B, o K,, iS¥.c(P, ° K;p) =nfor n>1landm > 1.

Proof. Let G = P, o K,,,, V(B,) = {S1,S5, ..., Sp}. Let {ti1, tiz, tiz, ..., tim} D€ the vertex set of the i™
copy of K,,, joined with the vertex s;.

& V(B o Kpy) = 51,52, Sy t11s t12s eoor tims E215 E225 voos o %5 Ents Enzs Enzy oo b}
Forj=1tom,S; ={t,tsj, ., tn;} and S = {s1, 5, ..., 5} are some CC-dominating sets of G and
|S| = |Sj| = n, since all vertices in G is closely connected to atleast one vertex in S (or) S;. On
removing one vertex in S (or) S;, it is not CC-dominating set. Hence, we conclude y,..(G) = n.

Theorem 3.7 The CC-domination number of C,, o K; iS ¥.(Cp, 0 K1) = m + [?]

Proof. Let G = C,,, o K; and let V(G) = {uy, uy, ..., Uy} U {v1, vy, ..., Uy }. Let v; be the vertices of the
i copy of K; is joined to u;, then |[V(G)| = 2m. Let D = {v;, v,, ..., v,,,} be the set of all pendent
vertices of G and is also CC-isolated vertices. So D is subset of every CC-dominating set of G. Further
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each vertex u; in G is closely connected with its adjacent vertices. i.e., N..(u;) = {u;_1, u;4,} for2 <
i <n-—1. So, from the Figure.2, the set S = {vy,v,, ..., Uy, Uy, Us, ..., U;_1} D€ the one of the

minimum CC-dominating set of G . By using theorem 1.3, the cardinality of S is m + [?] So, every
vertex in G is closely connected to atleast one of the vertices in S. Hence, we conclude y,..(G) = m +

51

Theorem 3.8. The CC-domination number of C,,, o K, iS y..(C,,, © K3) = [%] for m>2.

Proof. Let G = Cp, © Ky, V(Cp) = {uy, Uy, ..., U }. Let {v; , v, } be the vertex set of the i'™ copy of K,
joined with the vertex u;.

2 V(G) = {up, Uy, oo U3 U {011, 123 U {21, V223 U - U {Vpnq, U }
and |V(G)|=3m. Each vertex uw; of C, is closely connected with
Ui 1, Vg1, Vi, Vizs V-1 V(i—D2» Ve D1 @ V(g1y2. SO INge(u)| = 8. Vi =1,2,..m. Then the
set D; = {uy, uy,***, Up—o} and D, = {u,, us, -+, u,, — 1} are some CC-dominating sets of G and it is
also minimum CC-dominating set. Hence y,.(G) = [g]

Theorem 3.9. Forn>1andm > 1, ¥..(Cp, © K) = [g]

Proof. Let G = C,, © K,,, and V(C,p,) = {uq, Uy, .o, U }. Let {V41, V2, V43, -+, Vi } b€ the vertex set of
the ith copy of K, joined with the vertex u;. So V(G) =
{ug, Uy, Uz, ooy Uy V11, V12) wos Vino V21) V22) woos Vans oo Vs Vinzs oo Umnd @nd |V(G)| = mn + m. For
each wu; in C,, is closely connected with the following vertices u;_; , u;1, (i — 1)™ copy of K,,,()™
copy of K,,,(i + 1) copy of K,,,then [Ny (u;)| = 3n + 2. Thenthe set D = {uy, us, -+, Uy, _, } is CC-
dominating set, on removing one vertex in D it is not CC-dominating set. Hence of D is the minimal

CC-dominating set and |D| = [%] So, we conclude y,..(G) = [%]
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Theorem 3.10. Let H, , H, be two connected graphs and H, # K, then y..(H; o H,) = y..(H;).

Proof. Let G = H, o H,. In G, the j™ vertex of H, is adjacent to every vertex in the j™ copy of H, .
H, is non-trivial connected graph, and every pair of vertices of H, in the i™ copy of H, are closely
connected. So, every vertex in the i copy of H, is closely connected with the j vertex of Hj.
Suppose D is the minimum CC-dominating set of H,, every vertex in V(H;) — D is closely connected
with at lest one vertex in D and also every vertex in V(G) — D is closely connected with atleast one

vertex in D.
Hence, we conclude that y..(G) = |D| = y..(H;).

Theorem 3.11. Let H; be a connected graph and H, = K,, (complement of complete graph K,,). Then
Vcc(Hl ° HZ) = Vcc(Hl) + |V(H1)||V(H2)|-

Proof. Let G; = H, o H,. In G all vertices of H, are pendent vertices and also CC-isolated vertices. ie,
the j vertex of H, is adjacent to every vertex in the i copy of H,. since H, is isolated graph, so we
remove any edge between H, and H,, then the graph G is disconnected. Hence, we have
|V (H,)||V(H,)| number of isolated vertices and also H, does not alter the CC-domination of H;. By
theorem 1.1, every CC-isolated vertex must belong to every CC-dominating set. Hence, we have

Yec(Hy © Hy) =y (Hy) + [V(H)IIV(H)I.

Corollary 3.12. The following results are direct computation from Theorem 12.
L YeelCr o P = [5] = ¥ee )
2. Yec(ByeBp) =n =y (P)
3. YeelCoo C) = [3] = VeeC)

4. Yec(Br o Cn) =1 =Y (B)
4. Applications

In traditional network is operated by all hosts for two-way communications. Every host has a
service area and within this close-transmission covers the range, link failure of the network does not
disconnect or disrupt the communication of the entire network. A pair of such hosts that are
communication with one another are called as closely connected neighbors. Thus, closely connected
neighbors serves as a new approach to design networks in [5].

5. Conclusion

In this paper, the concept of CC-domination number is studied using closely connected vertices of
graphs for Corona product of graphs. Investigation of CC-domination of various other products is a
significant direction for further research. Also determine y..(G) for the family of graphs.
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