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Abstract
Background/Objective: Given a graph G, a dominating set S ⊆ V (G) is said
to be corona dominating set if every vertex v ∈ S such that d (v) = 1 or there
exist a vertex u ∈ S if d (u) = 1 then u,v ∈ S. A corona dominating set S ⊆V (G) is
said to be an outer triple connected corona dominating set if any three vertices
in < V − S > lie on a path. The minimum cardinality taken over all the outer
triple connected corona dominating sets of G is called outer triple connected
corona dominating number and it is denoted by γCD(G). The study aims to
find the outer triple connected corona domination number of some graphs.
Method: To obtain outer triple connected corona domination number say m
by proving γOTC(G)≤ m and γOTC(G)≥ m. To prove γOTC(G)≤ m for a graph G we
find a outer triple connected corona dominating set of G with cardinality m and
then to prove γOTC(G)≥mwe prove by contradiction. Findings:We investigated
the above parameter for some derived graphs of path, cycle and wheel graph.
Novelty : Outer triple connected corona domination number is a new concept
in which the conditions of corona domination and triple connected are linked
together.
Keywords: Corona Domination; Pendent Vertex; Support Vertex; Triple
Connected; Isolated Vertex; Pendant vertes

1 Introduction
This study considers simple, finite and undirected graphsG(V, E), whereV denotes the
vertex set of the graph G and E denotes the edge set of the graph G. The set S ⊆V (G) is
a dominating set if N[S] = V (G). The least possible cardinality of the dominating sets
is called the domination number of a graph and it is expressed as γ(G) (1). A graph is
said to be a triple connected graph if any three vertices of the graph are lie on a path (2).
G. Mahadevan et.al introduced Corona domination number of graphs. A dominating
set is a corona dominating set if every vertex v ∈ S such that d (v) = 1 or there exist
a vertex u ∈ S if d (u) = 1 then u,v ∈ S. The least possible cardinality of the corona
dominating sets is called the corona domination number of the graph and it is expressed
by γCD(G) (3). Motivated by the above concepts here we initiate a new parameter called
outer triple connected corona domination number which will be explained in section
2. Consider Pn and P2(n−1) removal of all the even edges in P2(n−1), joining of all the
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odd vertex i of P2(n−1) to
(
i−

⌊ i
2

⌋)th vertex of Pn and joining of all the even vertex i of P2(n−1) to
( i−2

2

)th vertex of Pn results
in Quadrilateral snake (QSn)

(4). Linking Km to Pn with an edge is (m,n)-lollipop graph (5) , (6). The joining wKv−1 +K1 is a
windmill graph wd (v,w) ,v ≥ 2 and w ≥ 2 (7). Two Kn graphs with a cut edge is called n-barbell graph Bn

(8). Let K be a graph
and K′ be a replica of K then under the mapping χ : K → K′ defined by χ(u) = u′ the mirror graph Mr(K) is accomplished
from K ∪K′ by joining the vertex u ∈ K to the vertex χ(u) of K′ for all u ∈ K (9). Let K be a graph and K′ be a copy of K then
under the mapping χ : K → K′ defined by χ(u) = u′ the Shadow graph D2(K) is accomplished from K ∪K′ by joining the
vertex u ∈ K to the vertex neighborhood χ(u) of K′ for all u ∈ K (10). The Middle graph M(G) of a graph G is accomplished by
splitting the edges of G into two edges by an vertex and linking the splitting vertices to the vertices at distance two. (11) (12). The
joiningCn +K1 is a wheel graphWn. Cone graph C(m,n) is the graphCm +Kn

.T hroughoutthispaperthewhiteverticesarethedominatingset.

2 Methodology
Definition 2.1. A Corona dominating set S ⊆ V is said to be a outer triple connected corona dominating set (OTCD-set) if
any three vertex in <V −S > are lie on a path. The minimum cardinality of an OTCD-set is called the outer triple connected
corona domination number and it is expressed by γOTC(G).

Example 2.1.Here S = {u1, u2} is a outer triple connected corona dominating set and hence γOTC(G) = 2

Fig 1.

Tofind anOuter triple connected corona dominationnumber initiallywe assume a outer triple connected corona dominating
set with cardinality m. Hence γOTC (G)≤ m. By contradiction it can be proved that γOTC (G)≥ m. Thus γOTC (G) = m.

3 Results and Discussion

Outer Triple Connected Corona Domination Number of a Graph

Observation 2.1. For a graph G, γ(G)≤ γCD(G)≤ γOTC(G).
Observation 2.2. For a graph G of order n, 2 ≤ γOTC(G)≤ n−3.
Observation 2.3. For a graph G of order n, ⌈ n

∆+1 ⌉≤ γOTC.
Example 2.2.Here, γOTC = 3 and ⌈ n

∆+1 ⌉= 2.

Fig 2.
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Observation 2.4. For a Kg,h, g ≥ 2, h ≥ 3, γOTC(Kg,h) = 2.
Example 2.3.

Fig 3. A graph with γOTC
(
K5,4

)
= 2

Observation 2.5. For a graph G =Wn or Kn, n ≥ 5, γOTC(G) = 2.
Observation 2.6. For a graph G = Qn, n ≥ 3, γOTC(G) = 2n−2.
Example 2.4.

Fig 4. A graph with γOTC (Q9) = 16

Observation 2.7. For a graph= L(g,h) , g ≥ 4, h ≤ 5, γOTC(G) = h+1.
Example 2.5.

Fig 5. A graph with γOTC (L(4,4)) = 5

Observation 2.8. For a graph G =Wd(k,2), k ≥ 4, γOTC(G) = 4.
Observation 2.9. For a graph G = Bn , n ≥ 4,γOTC(G) = 2.
Observation 2.10. For a graph G =C(m,n), m ≥ 3, n ≥ 2, γOTC(G) = 2.
Example 2.6.

Fig 6. A graph with γOTC(C(3,4)) = 2

Observation 2.11.OTCD- number does not exist for path, cycle and Jahangir graph.
Theorem 2.1. For a cycleCn,
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Proof: LetV (Mr (Cn)) = {v1, v2, . . . , vn, u1, u2, . . . , un} and

E (Mr (Cn)) = {vgug, v1vn, u1un, vhvh+1, uhuh+1;1 ≤ g ≤ n, 1 ≤ h ≤ n−1}

Assume S1 = {vg, uh;g ≡ 1 or 2 (mod 6) , h ≡ 4 or 5 (mod 6)}
Let

S =

 S1 ∪{vn} if n ≡ 4(mod 6),
S1 ∪{un−1} if n ≡ 3(mod 6),
S1 otherwise .

Then S is a OTCD-set of Mr(Cn) and hence

Let P
′ be a OTCD- set of Mr(Cn). Suppose P is a dominating set of cardinality not more than

k =


4
⌊ n

6

⌋
if n ≡ 1( mod 6)

4
⌈ n

6

⌉
−2 if n ≡ 3( mod 6),

4
⌊ n

6

⌋
+1 if n ≡ 2( mod 6),

4
⌈ n

6

⌉
−1 otherwise

Then either< P > has a isolated vertex or<V −P > is not triple connected, we have

k =


4
⌊ n

6

⌋
if n ≡ 1( mod 6)

4
⌈ n

6

⌉
−2 if n ≡ 3( mod 6),

4
⌊ n

6

⌋
+1 if n ≡ 2( mod 6),

4
⌈ n

6

⌉
−1 otherwise

Hence proved.
Example 2.7.
Theorem 2.2 . For a path Pn, n ≥ 3,

γOTC (Mr (Pn)) =


4
⌊ n

6

⌋
+1 if n ≡ 0( mod 6),

4
⌈ n

6

⌉
−1 if n ≡ 3( mod 6),

4
⌊ n

6

⌋
+2 if n ≡ 1 or 2( mod 6),

4
⌈ n

6

⌉
otherwise
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Fig 7. A graph with γOTC (Mr (C11)) = 8

Proof: LetV (Mr (Pn)) = {v1, v2, . . . , vn, u1, u2, . . . , un} and
E (Mr (Pn)) = {vgug, vhvh+1, uhuh+1;1 ≤ g ≤ n, 1 ≤ h ≤ n−1}
Assume S1 = {vg, uh;g ≡ 1 or 2 (mod 6) , h ≡ 4 or 5 (mod 6)}
Let

S =

 S1 ∪{vn} if n ≡ 3 or 4(mod 6),
S1 ∪{un} if n ≡ 0 or 1(mod 6),

S1 otherwise .

Then S is a OTCD-set of Mr(Pn) and hence

γoтc (Mr (Pn))≤ |S|=


4
⌊ n

6

⌋
+1 if n ≡ 0(mod 6),

4
⌊ n

6

⌋
−1 if n ≡ 3(mod 6),

4
⌊ n

6

⌋
+2 if n ≡ 1 or 2(mod 6),

4
⌈ n

6

⌋
otherwise.

Let P
′ be a OTCD- set of Mr(Pn). Suppose P is a dominating set of cardinality at most

k =


4
⌊ n

6

⌋
if n ≡ 0( mod 6),

4
⌈ n

6

⌉
−2 if n ≡ 3( mod 6),

4
⌊ n

6

⌋
+1 if n ≡ 1 or 2( mod 6),

4
⌈ n

6

⌉ n
6 −1 otherwise .

Then either< P > has a isolated vertex or<V −P > is not triple connected, we have

∣∣∣P′
∣∣∣≥ k+1 =


4
⌊ n

6

⌋
+1 if n ≡ 0( mod 6)

4
⌈ n

6

⌉
−1 if n ≡ 3( mod 6)

4
⌊ n

6

⌋
+2 if n ≡ 1 or 2( mod 6)

4
⌈ n

6

⌉
otherwise

Hence |S| is the outer triple connected corona dominating number.
Example 2.8.

Fig 8. A graph with γOTC (Mr (P11)) = 8

Theorem 2.3 . For a path Pn,

γoTC (D2 (Pn)) =

{ ⌈ n
2

⌉
+2 if n ≡ 0 or 1( mod 4)⌈ n

2

⌉
+1 otherwise

Proof: LetV (D2 (Pn)) = {v1, v2, . . . , vn, u1, u2, . . . , un} and
E (Mr (Cn)) = {vhvh+1, uhuh+1, vhuh+1, vgug−1;2 ≤ g ≤ n, 1 ≤ h ≤ n−1}
Assume S1 =

{
vg, ;g ≡ 1 or 2 (mod 4)

}
and S2 = {vg; g ≡ 2 or 3 (mod 4)}

Let
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S =


S1 ∪{vn−1,vn} if n ≡ 0( mod 4),
S1 ∪{vn} if n ≡ 3( mod 4),
S1 ∪{v1,vn−1,vn} if n ≡ 2( mod 4)
S2 ∪{v1, vn−1,vn} otherwise.

Then S is a OTCD-set of D2(Pn) and hence

γoтC (D2 (Pn))≤ |S|=
{ ⌈ n

2

⌉
+2 if n ≡ 0 or 1(mod 4),⌈ n

2

⌉
+1 otherwise .

Let P
′ be a OTCD- set of D2(Pn). Suppose P is a dominating set of cardinality at most

k =
{ ⌈ n

2

⌉
+1 if n ≡ 0 or 1(mod 4)⌈ n

2

⌉
otherwise

Then either< D > has a isolated vertex or
<V −P > is not triple connected, we have

∣∣P′∣∣≥ k+1 =

{ [ n
2

⌉
+2 if n ≡ 0 or 1(mod 4)⌈ n

2

]
+1 otherwise .

Hence |S| is the outer triple connected dominating number.
Example 2.9.

Fig 9. A graph with γOTC (D2 (P15)) = 9

Theorem 2.4. For a cycleCn,

γoтC (D2 (Cn)) =

{ ( n
2

)
+1 if n ≡ 2(mod 4),⌈ n

2

⌉
otherwise .

Proof: LetV (D2 (Cn)) = {v1, v2, . . . , vn, u1, u2, . . . , un} and

E (Mr (Cn)) = {vhvh+1, uhuh+1, vhuh+1, vgug−1, v1vn, u1un;2 ≤ g ≤ n, 1 ≤ h ≤ n−1}

Assume S =
{

vg, ;g ≡ 1 or 2 (mod 4)
}

Then S is a OTCD-set of D2(Cn) and hence

γoтc (D2 (Cn))≤ |S|=
{ ( n

2

)
+1 if n ≡ 2(mod 4),⌈ n

2

⌉
otherwise. .

Let P
′ be a OTCD- set of D2(Cn). Suppose P is a dominating set of cardinality at most

k =
{ ( n

2

)
if n ≡ 2(mod 4),⌈ n

2

⌉
−1 otherwise.

Then either< P > has a isolated vertex or
<V −P > is not triple connected, we have

∣∣P′∣∣≥ k+1 =

{ ( n
2

)
if n ≡ 2(mod 4)⌈ n

2

⌉
otherwise.

Hence |S| is the outer triple connected domination number.
Example 2.10.
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Fig 10. A graph with γOTC (D2 (C13)) = 7

Theorem 2.5. For a wheelWn,

γoтС (M ( Wn)) =

{
n−1 if n is even

n otherwise.
Proof: LetV (M (Wn)) = {v, v1, v2, . . . , vn, u1, u2, . . . , u2n} and
E (M (Wn)) =

{
vhv,vgvh,ukuk+1,u2nu1,ulul+2,u1u2n−1,vmup,vnu1;1 ≤ g,h,m ≤ n,g ̸=

h,1 ≤ k ≤ 2n−1,2m−1 ≤ 2n,1 ≤ l ≤ 2n−3 and l is odd }
Assume S1 = (v1,v3, ug, ;g ≡ 1 or 2 (mod 4) , 5 ≤ g ≤ 2n−3 and g ̸= 6

}
Let

P =

{
S1 ∪{u2n−1} if n ≡ 0 or 2(mod 4)
S1 ∪{u2n,u2n−1} if n ≡ 1or3(mod 4)

Then P is a OTCD-set of M(Wn) and hence

γOTC (M (Wn))≤ |P|=
{

n−1 if n is even,
n otherwise.

Let P
′ be a OTCD- set of M (Wn). Suppose D is a dominating set of cardinality not more than

k =
{

n−2 if n is even,
n−1 otherwise .

Then either< D > has a isolated vertex or<V −D > is not triple connected, we have

∣∣P′∣∣≥ k+1 =

{
n−1 if n is even

n otherwise.

Hence |P| is the outer triple connected corona domination number.
Example 2.11.

Fig 11. A graph with γOTC (M (W10)) = 9
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4 Conclusion
This study has gone through the new parameter called outer triple connected corona domination number. Also, it obtained the
results of outer triple connected corona domination number for standard graphs.
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