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Abstract 
 

A subset D of the vertex set V(G) of a graph G is said to be a dominating set if 
every vertex not in D is adjacent to at least one vertex in D. A dominating set 
D is said to be an eccentric dominating set if for every v ∈ V−D, there exists 
at least one eccentric vertex of v in D. The minimum of the cardinalities of the 
eccentric dominating set of G is called the eccentric domination number 
γed(G) of G. For a graph G, let V'(G) = {v': v∈V(G)} be a copy of V(G). Then 
the splitting graph Sp(G) of G is the graph with the vertex set V(G) ∪ V'(G) 
and edge set{uv, u'v, uv': uv∈E(G)}. In this paper, we initiate the study of 
eccentric domination in splitting graph of a graph. 
 
Keywords: Eccentric dominating set, Eccentric domination number, Splitting 
graph. 
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1. INTRODUCTION 
Let G be a finite, simple, undirected (n, m) graph with vertex set V(G) and edge set 
E(G), ⎜V(G)⎢= n, ⎜E(G)⎢= m. For graph theoretic terminology refer to Harary [4], 
Buckly and Harary [1]. Janakiraman, Bhanumathi and Muthammai [5] introduced 
Eccentric domination in Graphs. Bhanumathi and Muthammai [2] studied bounds on 
Eccentric domination in Graphs. Splitting graphs were first studied by Sampathkumar 
and Walikar [8] and were further developed by Patil and Thangamari [7]. 
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Janakiraman, Muthammai and Bhanumathi studied eccentricity properties of splitting 
graphs in [6]. 
Let G be a connected graph and v be a vertex of G. The eccentricity e(v) of v is the 
distance to a vertex farthest from v. Thus, e(v) = max{d(u, v): u ∈V}. The radius r(G) 
is the minimum eccentricity of the vertices, whereas the diameter diam(G) = d(G) is 
the maximum eccentricity. For any connected graph G, r(G) ≤ diam(G) ≤ 2r(G). v is a 
central vertex if e(v) = r(G). The center C(G) is the set of all central vertices. For a 
vertex v, each vertex at a distance e(v) from v is an eccentric vertex of v. Eccentric set 
of a vertex v is defined as E(v) = {u ∈V(G) / d(u, v) = e(v)}. 
A set D ⊆ V is said to be a dominating set in G, if every vertex in V−D is adjacent to 
some vertex in D. The minimum cardinality of a dominating set is called the 
domination number and is denoted by γ(G) [3, 10]. A set D ⊆ V(G) is an eccentric 
dominating set if D is a dominating set of G and for every v ∈ V−D, there exist at 
least one eccentric vertex of v in D. The minimum cardinality of an eccentric 
dominating set is called the eccentric domination number and is denoted by γed(G). If 
D is an eccentric dominating set, then every superset D′⊇ D is also an eccentric 
dominating set. But D″⊆ D is not necessarily an eccentric dominating set. An 
eccentric dominating set D is a minimal eccentric dominating set if no proper subset 
D″⊆ D is an eccentric dominating set [5]. 
For a graph G, let V′(G) = {v′: v ∈V(G)} be a copy of V(G). Then the splitting graph 
Sp(G) of G is the graph with the vertex set V(G) ∪ V′(G) and edge set {uv, u′v, uv′: 
uv∈E(G)}[7]. Clearly, (i) For any graph G, γ(G) ≤ γed(G).(ii)For any graph G, 
γ(Sp(G)) ≤ γed(Sp(G)). 
 
Theorem 1.1 [9]: For all n ≥ 2, 

γ(Sp(Pn)) = 

  0  4  1, 3  4  2  4  

 
Theorem 1.2 [9]: For all n ≥ 3, 

γ(Sp(Cn)) = 

  0  4  1, 3  4  2  4  

 
Theorem 1.3 [6]: Let G be any graph with at least three vertices and r(G) = 1.Then 
Sp(G) is self-centered with radius 2 if and only if G has no pendant vertices. 
 
Corollary 1.3 [6]: If r(G) = 1 and G has pendant vertices, then Sp(G) is bi-eccentric 
with radius two. 
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Theorem 1.4 [6]: Let G be a self-centered graph with radius two. Then Sp(G) is also 
self-centered with radius two if and only if for every pair of adjacent vertices u, v in 
G, NG(u) ∩ NG(v) ≠φ. 
 
Corollary 1.4 [6]: Let G be a self-centered graph with radius two. If there exists a pair 
of adjacent vertices vi, vj in G with NG(vi) ∩ NG(vj) = φ, then, Sp(G) is bi-eccentric 
with radius two. 
 
Theorem 1.5 [6]: r(Sp(G)) = max{2, r(G)}. 
 
Theorem 1.6 [5]: If G is of diameter two γed(G) ≤ 1+δ(G). 
 
Corollary 1.6.1 [5]: If G is of radius 2 and diameter three, then γed(G) ≤ min {n − 
degG u/2, (n + degG u − 1)/2)}, where the minimum is taken over all central vertices. 
 
Corollary 1.6.2 [5]: If G is of radius two and diameter three and if G has a pendant 
vertex v of eccentricity three then γed(G) ≤ Δ(G)+1. 
 
Theorem 1.7 [5]: If G is of radius two with a unique central vertex u then γed(G) ≤ n − 
deg(u). 
 
Theorem 1.8 [5]: If G is of radius greater than two, then γed(G) ≤ n −Δ(G). 
 
 
2. ECCENTRIC DOMINATION IN SPLITTING GRAPHS 
Let us find out the eccentric domination of Sp(G) of the following graph G. 
 

 
 
 
D = {v2, v5} is a dominating set of Sp(G), γ(Sp(G)) = 2. 
S = {v2, v5, v5

', v6} is an eccentric dominating set of Sp(G), γed(Sp(G)) = 4. 
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Observation: 2.1 For any (n, m) graph G, which has no isolated vertices, 2 ≤ 
γed(Sp(G)) ≤ n.The bounds are sharp, γed(Sp(G)) = 2 if and only if G =P2 and γed(Sp(G)) 
= n if and only if G ≅ Cn, n is even or G ≅Kn. 
 
Theorem: 2.1 If Sp(Kn) is a splitting graph of complete graph Kn, then γed(Sp(Kn)) = n, 
n > 2. 
 
Proof: Let v1, v2, …, vn be the vertices of the complete graph Kn which are duplicated 
by the vertices v1

′, v2
′, …, vn

′respectively in Sp(Kn). Then the resulting graph Sp(Kn) 
will have 2n vertices. When G = Sp(Kn), G is a graph with radius 2 and diameter 2. D 
= {vi, vi

′}, (i = 1, 2, …, n) is a γ-set of G. Therefore, γ(G) = 2. S = {v1, v2, …, vn}and 
{v1

′, v2
′, …, vn

′} areeccentric dominating sets of G. Thus, γed(G) ≤ n.(1) 
Sp(Kn) is self-centered of radius 2, vi has exactly only one eccentric vertex vi

′, i = 1, 2, 
…, n. Hence either vi or vi

′ must lie in a γed-set for i = 1, 2, …, n. Therefore, γed(G) ≥ 
n. (2) 
From (1) and (2), γed(G) = n. 
 
Remark: 2.1 γed(Sp(K2)) = 2. 
 
Theorem: 2.2 If Sp(Wn) is a splitting graph of wheel graph Wn = K1 + Cn, then 
γed(Sp(Wn)) = 3 for n> 3. 
 
Proof: Let v, v1, v2, …, vn be the vertices of the wheel graph Wn which are duplicated 
by the vertices v′, v1

′, v2
′, …, vn

′respectively in Sp(Wn), where v is the central vertex of 
Wn and v1, v2, …, vn are the vertices of cycle Cn. Then the resulting graph Sp(Wn) will 
have 2(n+1) vertices. When G = Sp(Wn), G is a graph with radius 2 and diameter 2.D 
= {v, v′} is a γ-set of G. Therefore, γ(G) = 2. S = {v, vi, vi+1} and {v, vi

′, vi+1
′}, (i =1, 2, 

…, n-1) are eccentric dominating sets of G.Thus, γed(G) ≤ 3. (1) 
Sp(Wn) is self-centered of radius 2, v is an eccentric vertex of v′, {vi, vi+1} and {vi

′, 
vi+1

′}are eccentric vertex sets of G. An eccentric vertex set must lie a subset of a γed-
set of G.Also there exists no γ-set which is a γed-set for G. 
Therefore, γed(G)≥ 3. (2) 
From (1) and (2), γed(G) = 3. 
 
Remark: 2.2γed(Sp(W3)) = 4. 
 
Theorem: 2.3 If Sp(Fn) is a splitting graph of Fan graph Fn =K1 + Pn, thenγed(Sp(Fn)) = 
3. 
 
Proof: Let v, v1, v2, …, vn be the vertices of the fan graph Fn which are duplicated by 
the vertices v′, v1

′, v2
′, …, vn

′respectively in Sp(Fn), where v is the central vertex of Fn 
and v1, v2, …, vnare the vertices of path Pn. Then the resulting graph Sp(Fn) will have 
2(n+1) vertices. When G = Sp(Fn), G is a graph with radius 2 and diameter 2. D = {v, 
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v′} is a γ-set of G. Therefore, γ(G) = 2. S = {v, vi, vi+1} and {v, vi
′, vi+1

′}, (i =1, 2, …, 
n−1) areeccentric dominating sets of G. Thus, γed(G) ≤ 3. (1) 
Sp(Fn) is self-centered of radius 2, v is an eccentric vertex of v′, {vi, vi+1} and {vi

′, 
vi+1

′}are eccentric vertex sets of G. An eccentric vertex set must lie a subset of a γed-
set of G. Also there exists no γ-set which is a γed-set for G. Therefore, γed(G) ≥ 3.(2) 
From (1) and (2), γed(G) =3. 
 
Theorem: 2.4 If Sp(K1, n), n ≥1 is a splitting graph of star graph K1, n, then 

γed(Sp(K1, n)) = 
2  1.3  1. 

 
Proof: Let v, v1, v2, …, vn be the vertices of the star graph K1, n which are duplicated 
by the vertices v′, v1

′, v2
′, …, vn

′respectivelyin Sp(K1, n), where v is the central vertex 
of K1, n. Then the resulting graph Sp(K1, n) will have 2(n+1) vertices. When G = Sp(K1, 

n), G is a graph with radius 2 and diameter 3. D = {v, v′} is a γ-set of G. Therefore, 
γ(G) = 2. 
 
Case (i): n = 1 
S = {v, v1} and {v′, v1

′} are minimum eccentric dominating sets of G. Thus, γed(G) = 
2. 
 
Case (ii): n > 1 
S = {v, v′, vi} and {v, v′, vi

′}, 1 ≤ i ≤ n are eccentric dominating sets of G. Thus, γed(G) 
≤ 3. (1) 
v′ is an eccentric vertex of vand vi

′ is an eccentric vertex of {vi, v′}.Also there exists 
no γ-set which is aγed-set for G. Therefore, γed(G) ≥3.(2) 
From (1) and (2), γed(G) = 3. 
 
Theorem: 2.5 If Sp(Pn ° K1) is a splitting graph of corona graph Pn° K1, then γed(Sp(Pn° 
K1)) = n + 2, n > 3. 
 
Proof: Let A = {v1, v2, …, vn} be the set of vertices of Pn and B = {u1, u2, …, un} be 
the set of pendent vertices attached at v1, v2, …, vn respectively. Let u1

′, u2
′, …, un 

′, 
v1

′, v2
′, …, vn

′ be the duplicate vertices of u1, u2, …, un, v1, v2, …, vn respectivelyin 
Sp(Pn° K1). Then the resulting graph Sp(Pn° K1) will have 4n vertices. When G = 
Sp(Pn° K1), G is a graph with radius  and diameter n + 1. D = {v1, v2, …, vn} is 
the only γ-set of G. Therefore, γ(G) = n.u1, un, u1

′, un
′ are the eccentric vertices of G. 

{w1, wn}, where w1 = u1 andu1
′, wn = un andun

′ are eccentric vertex sets of G. An 
eccentric vertex set must lie a subset of a γed-set of G.S = {v1, v2, …, vn, w1, wn} is a 
γed-set of G. Therefore, γed(G) = n+2. 
 
Remark: 2.3γed(Sp(P2° K1)) = 4, γed(Sp(P3° K1)) = 6. 
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Theorem: 2.6If Sp(Cn°K1)) is a splitting graph of corona graph Cn° K1, then 

γed(Sp(Cn° K1)) =     .2     .  
 
Proof: Let A = {v1, v2, …, vn} be the set of vertices of Cn and B = {u1, u2, …, un} be 
the set of pendent vertices attached at v1, v2, …, vn respectively. Let u1

′, u2
′, …, un 

′, 
v1

′, v2
′, …, vn

′ be the duplicate vertices of u1, u2, …, un, v1, v2, …, vn respectively in 
Sp(Cn° K1). Then the resulting graph Sp(Cn° K1) will have 4n vertices. 
 
Case (i): n is odd 
When G = Sp(Cn ° K1). G is a graph with radius and diameter  + 2.D = {v1, v2, 
…, vn} is the only γ -set of G. Therefore, γ(G) = n. u1, u3, …, un, u1

′, u3
′, …, un

′are the 
eccentric vertices of G. W = {u1, u3, …, un} and{u1

′, u3
′, …, un

′}are eccentric vertex 
sets of G. An eccentric vertex set must lie a subset of a γed-set of G.S = {v1, v2, …, vn} 
∪W is a γed-set of G. Therefore, γed(G) = . 
 
Case (ii): n is even 
When G = Sp(Cn ° K1). G is a graph with radius and diameter  +2. D = {v1, v2, 
…, vn} is the only γ-set of G. Therefore, γ(G) = n.u1, u2, …, un, u1

′, u2
′, …, un

′ are the 
eccentric vertices of G. W = {u1, u2, …, un} and{u1

′, u2
′, …, un

′} are eccentric vertex 
sets of G.An eccentric vertex set must lie a subset of a γed-set of G.S = {v1, v2, …, vn} 
∪ Wis a γed-set of G. Therefore, γed(G) = 2n. 
 
Remark: 2.4γed(Sp(C3° K1)) = 6. 
 
Theorem: 2.7 If Sp(Pn) is a splitting graph of path Pn, then 

⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪

⎨

⎧

≥=+

≥−=+⎥⎥
⎤

⎢⎢
⎡

≥+=+

≥+=+⎥⎥
⎤

⎢⎢
⎡

=

.2,4
2

4

.3,141
2

.1,24
2

2

.2,141
2

))((

kknifn

kknifn

kknifn

kknifn

PS npedγ  

 
Proof: Let v1, v2, …, vn be the vertices of the path Pn which are duplicated by the 
vertices v1

′, v2
′, …, vn

′respectively in Sp(Pn). Then the resulting graph Sp(Pn) will have 
2n vertices. 
 
Case (i): n = 4k+1, k ≥ 2 
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When G = Sp(Pn), G is a graph with radius  and diameter n−1. S = {v1, v2, v4, …, 
v4k-3, v4k, v4k+1}is a minimum eccentric dominating set of G. 
Thus, γed(G) = +1. 
 
Case (ii): n = 4k+2, k ≥ 1 
When G = Sp(Pn), G is a graph with radius  and diameter n−1. S = {v1, v2, v5, …, v4k-

7, v4k-6, v4k-3, v4k-2, v4k+1, v4k+2} is a minimum eccentric dominating set of G. Thus, 
γed(G) = . 
 
Case (iii): n = 4k−1, k ≥ 3 
When G = Sp(Pn), G is a graph with radius  and diameter n−1. S = {v1, v2, v5, …, 
v4k-7, v4k-6, v4k-5, v4k-2, v4k-1} is a minimum eccentric dominating set of G. Thus, γed(G) 
= +1 
 
Case (iv): n = 4k, k ≥ 2 
When G = Sp(Pn), G is a graph with radius  and diameter n−1. S = {v1, v2, v5, …, v4k-

6, v4k-5, v4k-4, v4k-1, v4k} is a minimum eccentric dominating set of G.Thus, γed(G) = 
 

 
Remark: 2.5γed(Sp(P2)) = 2, γed(Sp(P3)) = 3, γed(Sp(P4)) = 4, γed(Sp(P5)) = 5, γed(Sp(P7)) 
= 5. 
 
Theorem: 2.8If Sp(Cn) is a splitting graph of cycle Cn, then 

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧
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⎤

⎢⎢
⎡

≥+=⎥⎥
⎤

⎢⎢
⎡
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⎤
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.32
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3

2

.213
3

2

.33
3

2

))((

kforknifn

kforknifn

kforknifn

kforknifn

CS npedγ  

 
Proof: Let v1, v2, …, vn be the vertices of the cycle Cn which are duplicated by the 
vertices v1

′, v2
′, …, vn

′respectively in Sp(Cn). Then the resulting graph Sp(Cn) will have 
2n vertices. 
 
When n is odd: 
Case (i): n = 3k, k ≥ 3, k-odd. 
When G = Sp(Cn), G is a graph with radius  and diameter .S = {v1, v4

′, v7, …, v3k-

8
′, v3k-5, v3k-2

′} is a minimum eccentric dominating set of G. 
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Thus, γed(G) = . 
 
Case (ii): n = 3k+1, k ≥ 2, k-even. 
When G = Sp(Cn), G is a graph with radius and diameter . S = {v1, v4

′, v7, …, v3k-

6, v3k-3
′, v3k} is a minimum eccentric dominating set of G. 

Thus, γed(G) = . 
 
Case (iii): n = 3k+2, k ≥ 3, k-odd. 
When G = Sp(Cn), G is a graph with radius and diameter . S = {v1, v4

′, v7, …, v3k-

4
′, v3k-1, v3k+2

′} is a minimum eccentric dominating set of G. 
Thus, γed(G) = . 

 
When n is even: 
Case (i): k is odd 
When G = Sp(Cn), G is a graph with radius and diameter . S = {v1, v2, v3, …, v2k-1, 
v2k} is a minimum eccentric dominating set of G. 
Thus, γed(G) = n. 
 
Case (ii): k is even 
When G = Sp(Cn), G is a graph with radius and diameter . S = {v1, v2, v3, …, v2k-2, 
v2k-1, v2k}is a minimum eccentric dominating set of G. 
Thus, γed(G) =n. 
 
Remark: 2.6γed(Sp(C3)) = 3, γed(Sp(C4)) = 4, γed(Sp(C5)) = 4. 
 
Theorem:2.9If Sp(Km, n) is a splitting graph of complete bipartite graph Km, n, then γed 
(Sp(Km, n)) = 4, m, n ≥ 2 
 
Proof: Let A = {v1, v2, …, vm} and B = {u1, u2, …, un} be the set of vertices of Km, n. 
Let v1

′, v2
′, …, vm

′, u1
′, u2

′, …, un
′ be the duplicate vertices of v1, v2, …, vm, u1, u2, …, 

un respectively in Sp(Km, n). Then the resulting graph Sp(Km, n) will have 2(m + n) 
vertices. When G = Sp(Km, n), G is a graph with radius 2 and diameter 3. D = {vi, uj}, ( 
i = 1, 2, …, m), ( j = 1, 2,.., n) areγ-sets of G. Therefore, γ(G) = 2. S = {vi, vi

′, uj, uj
′}, ( 

i = 1, 2, …, m), ( j = 1, 2,..., n) are minimum eccentric dominating sets of G.Thus, γed 
(G) = 4. 
 
Remark: 2.7(i) γed (Sp(K1, 1)) = 2 (ii) If 1 ≤ m ≤ n, γed(Sp(Km, n)) = 3. 
 
Theorem: 2.10 Let G be any graph with at least three vertices and r(G) = 1 with no 
pendant vertices, then γed(Sp(G)) ≤ 1+δ(G). 
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Proof: By Theorem 1.3, Sp(G) is self-centered with radius two. Therefore, By 
Theorem 1.6, γed(Sp(G)) ≤ 1+ δ(Sp(G)) = 1+δ(G), since δ(Sp(G)) = δ(G). Therefore, 
γed(Sp(G)) ≤ 1+δ(G). 
 
Corollary: 2.10 If r(G) = 1 and G has pendant vertices then γed(Sp(G)) ≤ min{2n – 
degG(u), n + degG(u) −1/2}. 
 
Proof: By Corollary 1.3, Sp(G) is bi-eccentric with radius two. If u is a central vertex 
of G with minimum degree then u is a central vertex of Sp(G) and deg u in Sp(G) = 2 
deg u in G. Therefore, By Corollary 1.6.1, γed(Sp(G)) ≤ min {2n – 2degG u/2, (2n + 
2degG u −1)/2}.γed(Sp(G)) ≤ min {2n – degG(u), n + degG(u) −1/2}, where the 
minimum is taken over all central vertices. 
 
Theorem: 2.11 Let G be a self-centered graph with radius two and for every pair of 
adjacent vertices u, v in G, NG(u) ∩ NG(v) ≠φ. Then γed(Sp(G)) ≤ 1+δ(G). 
 
Proof: By Theorem 1.4, Sp(G) is also self-centered with radius two. Therefore, By 
Theorem 1.6, γed(Sp(G)) ≤ 1+ δ(Sp(G)) = 1+δ(G), since δ(Sp(G)) = δ(G). Therefore, 
γed(Sp(G)) ≤ 1+ δ(G). 
 
Corollary: 2.11.1 Let G be a self-centered graph with radius two. If for every pair of 
adjacent vertices vi, vj in G, NG(vi) ∩ NG(vj) = φ then γed(Sp(G)) ≤ min{2n – degG (v), 
n + degG (v) −1/2}. 
 
Proof: By Corollary 1.4, Sp(G) is bi-eccentric with radius two. If v is a central vertex 
of G with minimum degree then v is a central vertex of Sp(G) and deg v in Sp(G) = 2 
deg v in G. Therefore, By Corollary 1.6.1, γed(Sp(G)) ≤ min {2n – 2degG v/2, (2n + 
2degG v −1)/2}. γed(Sp(G)) ≤ min{2n – degG (v), n + degG (v) −1/2}, where the 
minimum is taken over all central vertices. 
 
Corollary: 2.11.2 If G is a graph of radius two and diameter three and has a pendant 
vertex v of eccentricity three then γed(Sp(G)) ≤ 2Δ(G)+1. 
 
Proof: If u is a vertex of maximum degree Δ(G) in G then u is a vertex of maximum 
degree Δ(Sp(G)) in Sp(G) and deg u in Sp(G) = 2 deg u in G. If G is bi-eccentric with 
radius two then Sp(G) is also bi-eccentric with radius two. Also, since G has a pendant 
vertex, Sp(G) has a pendant vertex. Therefore, By Corollary 1.6.2, γed(Sp(G)) ≤ 
Δ(Sp(G))+1 = 2Δ(G)+1, since Δ(Sp(G)) = 2Δ(G). Therefore, γed(Sp(G)) ≤ 2Δ(G)+1. 
 
Theorem: 2.12 If G is a graph of radius two with a unique central vertex then 
γed(Sp(G)) ≤ 2(n − degG (u)). 
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Proof: By Theorem 1.5, Sp(G) is of radius two and has a unique central vertex. If u is 
a central vertex of G then u is a central vertex of Sp(G) and deg u in Sp(G) = 2 deg u in 
G. Therefore, By Theorem 1.7, γed(Sp(G)) ≤ 2n − 2degG (u) ≤ 2(n − degG (u)). 
 
Theorem: 2.13 If G is a graph of radius greater than two, then γed(Sp(G)) ≤ 2(n 
−Δ(G)). 
 
Proof: By Theorem 1.5, Sp(G) is of radius greater than two. If u is a central vertex of 
G then u is a central vertex of Sp(G) and deg u in Sp(G) = 2 deg u in G. Therefore, By 
Theorem 1.8, γed(Sp(G)) ≤ 2n −Δ(Sp(G)) = 2n − 2Δ(G) = 2(n −Δ(G)), since Δ(Sp(G) ) = 
2Δ(G). Therefore, γed(Sp(G)) ≤ 2(n −Δ(G)). 
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