
Mathematics and Statistics 11(3): 441-445, 2023 http://www.hrpub.org 
DOI: 10.13189/ms.2023.110301 

Steiner Antipodal Number of Graphs Obtained from 
Some Graph Operations 

R. Gurusamy*, A. Meena Kumari, R. Rathajeyalakshmi 

Department of Mathematics, Mepco Schlenk Engineering College, Sivakasi- 626 005, Tamilnadu, India 
  

Received November 15, 2021; Revised February 14, 2022; Accepted March 7, 2022 

Cite This Paper in the following Citation Styles 
(a): [1] R. Gurusamy, A. Meena Kumari, R. Rathajeyalakshmi , "Steiner Antipodal Number of Graphs Obtained from 
Some Graph Operations," Mathematics and Statistics, Vol. 11, No. 3, pp. 441 - 445, 2023. DOI: 
10.13189/ms.2023.110301. 

(b): R. Gurusamy, A. Meena Kumari, R. Rathajeyalakshmi (2023). Steiner Antipodal Number of Graphs Obtained from 
Some Graph Operations. Mathematics and Statistics, 11(3), 441 - 445. DOI: 10.13189/ms.2023.110301. 

Copyright©2023 by authors, all rights reserved. Authors agree that this article remains permanently open access under the 
terms of the Creative Commons Attribution License 4.0 International License 

Abstract  The Steiner 𝑝𝑝 −antipodal graph 𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) of 
a connected graph 𝐺𝐺, has vertex set like 𝐺𝐺 and 𝑝𝑝 number 
of vertices are adjacent to each other in 𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) whenever 
they are 𝑝𝑝 − antipodal in  𝐺𝐺 . If G  has more than one 
component, then 𝑝𝑝 vertices are adjacent to each other in 
𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) if at least one vertex from different components. 
Draw 𝐾𝐾𝑝𝑝 related to 𝑝𝑝 −antipodal vertices in 𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺). The 
Steiner antipodal number 𝑎𝑎𝑠𝑠(𝐺𝐺)  of a graph G is the 
smallest natural number 𝑝𝑝, so that the Steiner 𝑝𝑝 −antipodal 
graph of 𝐺𝐺 is complete. In this article, Steiner antipodal 
number has been determined for the generalized corona of 
graphs and for each natural number 𝑝𝑝 ≥ 2,  we can 
construct many non-isomorphic graphs of order 𝑝𝑝 having 
Steiner antipodal number 𝑝𝑝. Also for any pair of natural 
numbers 𝑙𝑙,𝑚𝑚 ≥  3 with 𝑙𝑙 ≤  𝑚𝑚, there is a graph whose 
Steiner antipodal number is 𝑙𝑙  and Steiner antipodal 
number of its line graph is  𝑚𝑚 . For every natural 
number 𝑝𝑝 ≥ 1, there is a graph G whose complement 𝐺̅𝐺 
has Steiner antipodal number 𝑝𝑝. 

Keywords  Steiner n-eccentricity, Steiner Antipodal 
Number, Generalized Corona of Graphs, Line Graph, 
Complement Graph 
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1. Introduction 
Finite simple graphs are considered throughout this 

paper. The subgraph induced by 𝐴𝐴 in 𝐺𝐺 is represented by 

〈𝐴𝐴〉, where the set 𝐴𝐴 is the collection of vertices of 𝐺𝐺. In 
[14], the Steiner distance of the set 𝐴𝐴 in 𝐺𝐺 indicated by 
𝑑𝑑𝐺𝐺(𝐴𝐴) , is described as the minimum size among all 
connected subgraphs of 𝐺𝐺 whose vertex set contains 𝐴𝐴. 
For every vertex  𝑣𝑣 ∈ 𝐺𝐺 , the Steiner 𝑛𝑛 -eccentricity 
𝑒𝑒𝑘𝑘(𝑣𝑣) = max{𝑑𝑑𝐺𝐺(𝐴𝐴):𝐴𝐴 ⊆ 𝑉𝑉(𝐺𝐺)  with 𝑣𝑣 ∈ 𝐴𝐴  and 
|𝐴𝐴| = 𝑘𝑘} . The 𝑛𝑛 -radius 𝑟𝑟𝑟𝑟𝑑𝑑𝑛𝑛(𝐺𝐺)  and 𝑛𝑛 -diameter 
𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑛𝑛(𝐺𝐺)  of 𝐺𝐺  are least and biggest Steiner 
𝑛𝑛 -eccentricity among the vertices of 𝐺𝐺  respectively. 
Further, the notion of Steiner distance is addressed in [5, 16, 
18]. 

In [1], we initiated the idea of Steiner antipodal number 
of a graph 𝐺𝐺 . Each 𝑝𝑝 vertex of a graph 𝐺𝐺 is said to be 
p-antipodal to each other if the Steiner distance between 
them is 𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑝𝑝(𝐺𝐺)  of  𝐺𝐺 . The Steiner 𝑝𝑝 − antipodal 
graph 𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) of a connected graph 𝐺𝐺, has vertex sets like 
𝐺𝐺 and 𝑝𝑝 number of vertices are adjacent to each other in 
𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) whenever they are 𝑝𝑝 −antipodal in 𝐺𝐺 . If G has 
more than one component, then 𝑝𝑝 vertices are adjacent to 
each other in 𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) if at least one vertex from different 
components. Draw 𝐾𝐾𝑝𝑝  related to 𝑝𝑝 −antipodal vertices 
in  𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺) . The Steiner antipodal number 𝑎𝑎𝑠𝑠(𝐺𝐺)  of a 
graph G is the smallest natural number  𝑝𝑝 , so that the 
Steiner 𝑝𝑝 − antipodal graph of 𝐺𝐺  is complete. When 
𝑝𝑝 = 2,  Steiner 𝑝𝑝 -antipodal graph of 𝐺𝐺  matches with 
antipodal graph of 𝐺𝐺. The concept of graph operator has 
found various applications in chemical research [10, 11]. 
Let H  be any connected graph of order  n and let 
𝐻𝐻1,𝐻𝐻2, … ,𝐻𝐻𝑛𝑛 be an arbitrary collection of simple graphs. 
The generalized corona, symbolized by  𝑜𝑜�  ⋀ 𝐻𝐻𝑖𝑖𝑛𝑛

𝑖𝑖=1  , is 
obtained by taking one copy of graphs 𝐻𝐻,𝐻𝐻1,𝐻𝐻2, … ,𝐻𝐻𝑛𝑛 
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and joining the 𝑖𝑖𝑡𝑡ℎ vertex of 𝐻𝐻 to every vertex of 𝐻𝐻𝑖𝑖  [7]. 
The line graph 𝐿𝐿(𝐺𝐺)  of a graph 𝐺𝐺  has vertices 
corresponding to the edges of 𝐺𝐺  and two vertices are 
adjacent in 𝐿𝐿(𝐺𝐺) if their equivalent edges of 𝐺𝐺  have a 
common end vertex [7]. Line graph parameters are used to 
evaluate the complexity of molecular graphs and design of 
novel topological indices [3, 4]. The complement graph of 
a graph 𝐺𝐺  denoted by 𝐺𝐺  has vertex set 𝑉𝑉(𝐺𝐺) and two 
vertices are adjacent in 𝐺̅𝐺 whenever they are not adjacent 
in  𝐺𝐺 [2]. The Complete graph 𝐾𝐾𝑛𝑛 is a graph on 𝑛𝑛 vertices 
such that any two distinct vertices are adjacent. The empty 
graph is a graph whose vertex and edge sets are empty. The 
graph G attained from K1,p1  and K1,p2  by joining their 
centers by an edge is known as bistar and is symbolized 
by B(p1, p2). The graph K1,n−1 is identified as star. The 
Complete bipartite graph Km,n has two partitions with 𝑚𝑚 
and 𝑛𝑛 number of vertices such that any two vertices are 
adjacent whenever they are in different partitions. The join 
G = G1 + G2 of graphs 𝐺𝐺1and 𝐺𝐺2has vertex set as vertices 
𝐺𝐺1 ∪ 𝐺𝐺2and edge set as edges of G1, 𝐺𝐺2 and each vertex in 
𝐺𝐺1is adjacent to all the vertices of 𝐺𝐺2. We follow [5] for 
graph theoretic terminology. 

We use the subsequent results for the proof of our 
results. 

Lemma 1.1 [1, Proposition 2.5] If a graph 𝐺𝐺  is 
disconnected but not totally disconnected, then 𝑎𝑎𝑆𝑆(𝐺𝐺) =
3.  

Lemma 1.2 [1, Theorem 2.2] For a graph 𝐺𝐺, 𝑎𝑎𝑆𝑆(𝐺𝐺) = 2 
if and only if 𝐺𝐺 is either complete or totally disconnected. 

Lemma 1.3 [1, Proposition 2.4] Let 𝑆𝑆 be the set of all 
full degree vertices of a graph 𝐺𝐺 of order 𝑝𝑝. Then 𝑎𝑎𝑆𝑆(𝐺𝐺) 
is 𝑝𝑝 − |𝑆𝑆| + 1 when 𝐺𝐺 − 𝑆𝑆  is disconnected and 𝑝𝑝 − |𝑆𝑆| 
when 𝐺𝐺 − 𝑆𝑆 is connected with at least one pendant vertex. 

Lemma 1.4 [1, Proposition 2.3] For any tree 𝑇𝑇 on 𝑚𝑚 
vertices with 𝑝𝑝(≠ 𝑚𝑚 − 1) pendant vertices, 𝑎𝑎𝑆𝑆(𝑇𝑇) = 𝑝𝑝 +
2. 

Lemma 1.5 [1, Proposition 2.3] For any complete 
bipartite graph 𝐾𝐾𝑚𝑚,𝑛𝑛  with 𝑚𝑚 ≤  𝑛𝑛  and  𝑚𝑚 ≠ 1 , 
𝑎𝑎𝑠𝑠(𝐾𝐾𝑚𝑚,𝑛𝑛 ) =  𝑚𝑚 +  1. 

2. Main Results 

2.1. Steiner Antipodal Number for Generalized Corona 
of Graphs 

Theorem 2.1.1 Let 𝐻𝐻 be any connected graph with 𝑛𝑛 
vertices. If 𝐻𝐻1,𝐻𝐻2, … ,𝐻𝐻𝑛𝑛  be an arbitrary collection of 
simple graphs of order 𝑡𝑡1, 𝑡𝑡2, … , 𝑡𝑡𝑛𝑛 (𝑡𝑡𝑖𝑖 ≥ 1) respectively, 
then  𝑎𝑎𝑠𝑠(𝐻𝐻𝑜𝑜�  ⋀ 𝐻𝐻𝑖𝑖𝑛𝑛

𝑖𝑖=1 ) = 𝑚𝑚 + 2 , where 𝑚𝑚 = 𝑡𝑡1 + 𝑡𝑡2 +
⋯+ 𝑡𝑡𝑛𝑛. 

Proof. Let 𝑉𝑉 = {𝑣𝑣1, 𝑣𝑣2, … , 𝑣𝑣𝑛𝑛} be the vertex set of 𝐻𝐻. 
For 1 ≤ 𝑖𝑖 ≤ 𝑛𝑛,  let 𝑍𝑍𝑖𝑖 = {𝑣𝑣𝑖𝑖1, 𝑣𝑣𝑖𝑖2, … , 𝑣𝑣𝑖𝑖𝑡𝑡𝑖𝑖}  be the vertex 
set of each graph 𝐻𝐻𝑖𝑖 . Let 𝑍𝑍 = 𝑍𝑍1 ∪ 𝑍𝑍2 ∪ …∪ 𝑍𝑍𝑛𝑛. Assume 
𝐺𝐺 = 𝐻𝐻𝑜𝑜�  ⋀ 𝐻𝐻𝑖𝑖𝑛𝑛

𝑖𝑖=1 .  

Case.1 Structure of 𝐻𝐻 is necessary to find 𝑘𝑘-eccentricity 
of any vertex 𝑣𝑣 ∈ 𝐺𝐺 for all 3 ≤ 𝑘𝑘 ≤ 𝑛𝑛 − 1. 

The adjacency between the vertices of 𝐻𝐻 is not known, 
to find 𝑒𝑒𝑛𝑛−1(𝑣𝑣𝑖𝑖), first we fix a vertex 𝑣𝑣𝑖𝑖 ∈ 𝐻𝐻 for 1 ≤ 𝑖𝑖 ≤
𝑛𝑛  and then we have to choose the remaining (𝑛𝑛 − 2) 
vertices in 𝐺𝐺 . Since (𝑛𝑛 − 1) -eccentricity of 𝑣𝑣𝑖𝑖  is the 
maximum Steiner distance of all (𝑛𝑛 − 1) -element sets 
containing 𝑣𝑣𝑖𝑖 , maximum Steiner distance of 𝑣𝑣𝑖𝑖 is obtained 
only when we have to choose (𝑛𝑛 − 2) -elements in 
different 𝐻𝐻𝑖𝑖  other than 𝐻𝐻𝑖𝑖  corresponding to 𝑣𝑣𝑖𝑖. Therefore, 
(𝑛𝑛 − 2)-vertices in different 𝐻𝐻𝑖𝑖′𝑠𝑠 from 𝑣𝑣𝑖𝑖  are connected 
by selecting (𝑛𝑛 − 2) -vertices in 𝐻𝐻  and hence these 
(𝑛𝑛 − 1)-vertices have  Steiner distance either 𝑛𝑛 − 2  or 
𝑛𝑛 − 1 in 𝐻𝐻 . That is,  𝑒𝑒𝑛𝑛−1(𝑣𝑣𝑖𝑖) = 2𝑛𝑛 − 4 or 2𝑛𝑛 − 3 and 
hence (𝑛𝑛 − 1) -eccentricity of 𝑣𝑣𝑖𝑖  is not unique for all 
1 ≤ 𝑖𝑖 ≤ 𝑛𝑛. This proves Case.1. 

But, to find 𝑘𝑘-eccentricity of any vertex 𝑣𝑣 ∈ 𝐺𝐺 for all 
𝑘𝑘 ≥ 𝑛𝑛, we do not need the structure of 𝐻𝐻. Now, 𝑒𝑒𝑛𝑛(𝑣𝑣𝑖𝑖) =
2𝑛𝑛 − 2  and 𝑒𝑒𝑛𝑛(𝑤𝑤) = 2𝑛𝑛 − 1  for all 𝑣𝑣𝑖𝑖 ∈ 𝐻𝐻  and 𝑤𝑤 ∈ 𝑍𝑍 
and hence 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛(𝐺𝐺) = 2𝑛𝑛 − 2. 

Case.2  𝑎𝑎𝑠𝑠(𝐺𝐺) > 𝑛𝑛. 
Consider the set  {𝑣𝑣𝑖𝑖 , 𝑣𝑣𝑗𝑗} ∪ 𝐴𝐴 , where 𝐴𝐴 ⊆ 𝑍𝑍  such that 

|𝐴𝐴| = 𝑛𝑛 − 2  has Steiner distance less than or equal to 
2𝑛𝑛 − 3 and hence 𝑣𝑣𝑖𝑖 is not adjacent with 𝑣𝑣𝑗𝑗 in 𝑆𝑆𝐴𝐴𝑛𝑛(𝐺𝐺). 
Hence,  𝑆𝑆𝐴𝐴𝑛𝑛(𝐺𝐺) ≄ 𝐾𝐾𝑛𝑛+𝑚𝑚 . 

Case.3  𝑎𝑎𝑠𝑠(𝐺𝐺) > 𝑚𝑚 + 1. 
Now, 𝑒𝑒𝛽𝛽(𝑣𝑣𝑖𝑖) = 𝑛𝑛 + 𝛽𝛽 − 2  and 𝑒𝑒𝛽𝛽(𝑤𝑤) = 𝑛𝑛 + 𝛽𝛽 − 1 

for all (𝑛𝑛 + 1) ≤ 𝛽𝛽 ≤ 𝑚𝑚 , 𝑣𝑣𝑖𝑖 ∈ 𝐻𝐻  and 𝑤𝑤 ∈ 𝑍𝑍 . Also 
𝑒𝑒𝛽𝛽(𝑣𝑣𝑖𝑖) = 𝑒𝑒𝛽𝛽(𝑤𝑤) = 𝑛𝑛 + 𝛽𝛽 − 2 for 𝛽𝛽 = 𝑚𝑚 + 1. Therefore, 
𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝛽𝛽(𝐺𝐺) = 𝑛𝑛 + 𝛽𝛽 − 2 for all (𝑛𝑛 + 1) ≤ 𝛽𝛽 ≤ (𝑚𝑚 + 1). 
Consider the set {𝑣𝑣𝑖𝑖 , 𝑣𝑣𝑗𝑗} ∪ 𝐵𝐵 , where 𝐵𝐵 ⊆ 𝑍𝑍  with |𝐵𝐵| =
𝛽𝛽 − 2 has Steiner distance less than or equal to 𝑛𝑛 + 𝛽𝛽 − 3 
and hence 𝑣𝑣𝑖𝑖 is not adjacent with 𝑣𝑣𝑗𝑗 in 𝑆𝑆𝐴𝐴𝛽𝛽(𝐺𝐺)  for all 
(𝑛𝑛 + 1) ≤ 𝛽𝛽 ≤ (𝑚𝑚 + 1) . Therefore, 𝑆𝑆𝐴𝐴𝛽𝛽(𝐺𝐺) ≄ 𝐾𝐾𝑛𝑛+𝑚𝑚 
and hence   𝑎𝑎𝑠𝑠(𝐺𝐺) > 𝑚𝑚 + 1. 

Case.4  𝑎𝑎𝑠𝑠(𝐺𝐺) = 𝑚𝑚 + 2. 
Now, 𝑒𝑒𝑚𝑚+2(𝑣𝑣𝑖𝑖) = 𝑒𝑒𝑚𝑚+2(𝑤𝑤) = 𝑛𝑛 + 𝑚𝑚 − 1  for all 

𝑣𝑣𝑖𝑖 ∈ 𝐻𝐻  and 𝑤𝑤 ∈ 𝑍𝑍 . Hence  𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚+2(𝐺𝐺) = 𝑛𝑛 + 𝑚𝑚 − 1 . 
Take any (𝑚𝑚 + 2)-element sets with exactly two elements 
from 𝑉𝑉  always has Steiner distance  𝑛𝑛 + 𝑚𝑚− 1 . Hence 
in 𝑆𝑆𝐴𝐴𝑚𝑚+2(𝐺𝐺), the subgraphs induced by 〈𝑉𝑉〉 and 〈𝑍𝑍〉 are 
complete, and 〈𝑉𝑉〉 and 〈𝑍𝑍〉 are mutually adjacent. Hence 
the result follows.  

Theorem 2.1.2 For each natural number 𝑝𝑝 ≥ 2, there 
exists a graph 𝐺𝐺 on 𝑝𝑝 vertices whose 𝑎𝑎𝑠𝑠(𝐺𝐺) = 𝑝𝑝. 

Proof. Let 𝑝𝑝 ≥ 2 be any natural number. Lemma 1.2 
demonstrates that the conclusion is valid for 𝑝𝑝 = 2 when 
𝐺𝐺 = 𝐾𝐾2. Lemma 1.1 reveals that the conclusion is valid for 
𝑝𝑝 = 3  when  𝐺𝐺 = 𝐾𝐾2 ∪ 𝐾𝐾1 . Lemma 1.4 illustrates that 
conclusion is valid for 𝑝𝑝 = 4 when  𝐺𝐺 = 𝑃𝑃4. Lemma 1.4 
proves that the conclusion is valid for 𝑝𝑝 = 5 by taking 𝐺𝐺 
as shown in Figure 1. 
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Figure 1.  Graph 𝐺𝐺 

Construct 𝐺𝐺1 as given below: Let 𝑃𝑃4 be the path on 4 
vertices and let 𝐻𝐻1,𝐻𝐻2,𝐻𝐻3 and 𝐻𝐻4 be simple graphs such 
that 𝐻𝐻1  and 𝐻𝐻4  are empty, 𝐻𝐻2  and 𝐻𝐻3  are of order 𝑡𝑡1 
and 𝑡𝑡2  respectively. Assume 𝐺𝐺1  is given by the 
generalized corona product 𝑃𝑃4𝑜𝑜�  ⋀ 𝐻𝐻𝑖𝑖4

𝑖𝑖=1  as shown in 
Figure 2. 

 
Figure 2.  Graph 𝐺𝐺1 

Assume  𝑝𝑝 ≥ 6 . Take  𝑡𝑡1 + 𝑡𝑡2 = 𝑝𝑝 − 4 . Consider, 
𝑒𝑒𝑝𝑝−1(𝑤𝑤) = 𝑝𝑝 − 1  for all 𝑤𝑤 ∈ 𝐺𝐺1  and 
hence 𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑝𝑝−1(𝐺𝐺1) = 𝑝𝑝 − 1. Consider the set {𝑣𝑣2, 𝑣𝑣3} ∪
𝐶𝐶  where 𝐶𝐶 ⊆ 𝑉𝑉(𝐺𝐺1)  with |𝐶𝐶| = 𝑝𝑝 − 3  has Steiner 
distance equal to  𝑝𝑝 − 2 . Therefore, 𝑣𝑣2  and 𝑣𝑣3  are not 
adjacent in 𝑆𝑆𝐴𝐴𝑝𝑝−1(𝐺𝐺1) and hence𝑎𝑎𝑠𝑠(𝐺𝐺1) > 𝑝𝑝 − 1. Since 
𝑒𝑒𝑝𝑝(𝑤𝑤) = 𝑝𝑝 − 1  for all 𝑤𝑤 ∈ 𝐺𝐺1 , 𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑝𝑝(𝐺𝐺1) = 𝑝𝑝 − 1 . 
Thus, 𝑆𝑆𝐴𝐴𝑝𝑝(𝐺𝐺1) ≅ 𝐾𝐾𝑝𝑝. This completes the proof.  

Remark 2.1.3 If we take 2 different graphs 𝐻𝐻2 and 𝐻𝐻3 
of orders 𝑡𝑡1 𝑎𝑎𝑎𝑎𝑎𝑎  𝑡𝑡2  respectively and connect every 
vertices of 𝐻𝐻𝑖𝑖  to vertex 𝑣𝑣𝑖𝑖 , 𝑖𝑖 =  2, 3, then also we get the 
Steiner antipodal number as in Theorem 2.1.2, for the 
resultant graph. Thus, we can construct many 
non-isomorphic graphs of order 𝑘𝑘  having Steiner 
antipodal number 𝑘𝑘. 

2.2. Steiner Antipodal Number for Line Graph of Some 
Graphs 

Proposition 2.2.1 For every star graph 𝐾𝐾1,𝑝𝑝−1 with 𝑝𝑝 
number of vertices, 𝑎𝑎𝑆𝑆(𝐿𝐿�𝐾𝐾1,𝑝𝑝−1�) = 2. 

Proof. Line graph of star graph on 𝑝𝑝 vertices is 𝐾𝐾𝑝𝑝−1. 
By Lemma 1.2, the result follows. 

Proposition 2.2.2 For any bistar graph B(p1, p2) , 
𝑎𝑎𝑆𝑆 �𝐿𝐿�B(p1, p2)�� = 𝑝𝑝1 + 𝑝𝑝2 + 1. 

Proof. Line graph of bistar graph 𝐵𝐵(𝑝𝑝1, 𝑝𝑝2)  on 
𝑝𝑝1 + 𝑝𝑝2 + 2 vertices is a graph obtained by identifying a 
vertex of 𝐾𝐾𝑝𝑝1+1 with a vertex of 𝐾𝐾𝑝𝑝2+1. This shows that 
𝐿𝐿�B(p1, p2)� has a full degree vertex of degree 𝑝𝑝1 + 𝑝𝑝2 
and hence whose removal disconnects the graph. Therefore, 
by Lemma 1.3 we get 𝑎𝑎𝑆𝑆 �𝐿𝐿�B(p1, p2)�� = (𝑝𝑝1 + 𝑝𝑝2 +
1) − 1 + 1. This concludes the proof.  

Theorem 2.2.3 If 𝐺𝐺  is a tree of order 𝑚𝑚  which is 
neither a star nor a bistar, then 𝑎𝑎𝑆𝑆(𝐿𝐿(𝐺𝐺)) = 𝑎𝑎𝑆𝑆(𝐺𝐺).  

Proof. Assume 𝐺𝐺 is any tree with 𝑚𝑚 vertices other than 
star and bistar with 𝑝𝑝 pendant vertices. Let 𝑣𝑣1, 𝑣𝑣2, … , 𝑣𝑣𝑝𝑝 
be the vertices in 𝐿𝐿(𝐺𝐺) corresponding to those 𝑝𝑝 pendant 
edges of G. 

Since 𝐿𝐿(𝐺𝐺)  has 𝑚𝑚 − 1  vertices, 𝑑𝑑(𝑆𝑆) ≤ 𝑚𝑚 − 2  for 
every subset 𝑆𝑆  of  𝑉𝑉(𝐿𝐿(𝐺𝐺)) . Now, 𝑒𝑒𝑛𝑛(𝑣𝑣) = 𝑚𝑚 − 2  for 
𝑛𝑛 = 𝑝𝑝 + 1  and 𝑣𝑣 ∈ 𝐿𝐿(𝐺𝐺) . Let 𝜉𝜉𝑖𝑖  and 𝜉𝜉𝑗𝑗  be two non 
pendant edges of 𝐺𝐺 . For any set 𝑌𝑌 ⊆ {𝑣𝑣1,𝑣𝑣2, … , 𝑣𝑣𝑝𝑝} 
with |𝑌𝑌| = 𝑝𝑝 − 1, the Steiner distance of the set {𝜉𝜉𝑖𝑖 , 𝜉𝜉𝑗𝑗} ∪
𝑋𝑋  is less than 𝑚𝑚 − 2  and hence 𝜉𝜉𝑖𝑖  and 𝜉𝜉𝑗𝑗  are 
non-adjacent in Steiner (𝑝𝑝 + 1)-antipodal of 𝐿𝐿(𝐺𝐺). Since 
(𝑝𝑝 + 2) - diameter of 𝐿𝐿(𝐺𝐺)  is 𝑚𝑚− 2  and 
{𝜉𝜉𝑖𝑖 , 𝜉𝜉𝑗𝑗 , 𝑣𝑣1, 𝑣𝑣2, 𝑣𝑣3, … 𝑣𝑣𝑝𝑝}  has Steiner distance 𝑚𝑚 − 2  in 
𝐿𝐿(𝐺𝐺) , the Steiner (𝑝𝑝 + 2) -antipodal of 𝐿𝐿(𝐺𝐺)  is 𝐾𝐾𝑚𝑚 . 
Therefore, 𝑎𝑎𝑆𝑆(𝐿𝐿(𝐺𝐺)) = 𝑝𝑝 + 2. By Lemma 1.4, the result 
follows. 

Theorem 2.2.4 For every 𝐾𝐾m,n with m ≤ n and m ≠
1, 𝑎𝑎𝑆𝑆(𝐿𝐿(𝐾𝐾m,n)) = n + 1.  

 Proof. Consider {𝛼𝛼1,𝛼𝛼2, … ,𝛼𝛼m}  and {𝛾𝛾1, 𝛾𝛾2, … , 𝛾𝛾n} 
are the two partitions of 𝐾𝐾m,n . Let {𝑒𝑒𝑖𝑖,𝑗𝑗: 1 ≤ 𝑖𝑖 ≤ n, 0 ≤
𝑗𝑗 ≤ m − 1} be the vertices of 𝐿𝐿(𝐾𝐾m,n). For each vertex 
𝑒𝑒𝑖𝑖,𝑗𝑗,  

𝑒𝑒𝑘𝑘(𝑒𝑒𝑖𝑖,𝑗𝑗) = �
2𝑘𝑘 − 2     , i𝑓𝑓 𝑘𝑘 ≤ m            
𝑘𝑘 + m − 2, i𝑓𝑓 m + 1 ≤ 𝑘𝑘 ≤ n
m + n − 1, i𝑓𝑓   n + 1 ≤ 𝑘𝑘 ≤ mn

 

 Since any set of n vertices having the vertices 𝑒𝑒1,0 and 
𝑒𝑒1,1  has Steiner distance less than 𝑘𝑘 -radius, 
𝑟𝑟𝑆𝑆(𝐿𝐿(𝐾𝐾m,n)) > n. By graph symmetry, if 𝑒𝑒1,0 is adjacent 
to all the remaining vertices in 𝑆𝑆𝐴𝐴n+1(𝐿𝐿(𝐾𝐾m,n)), then the 
result follows. By division algorithm, n = 𝑙𝑙m + 𝑟𝑟. The set 
𝑆𝑆 = {𝑒𝑒𝑖𝑖,𝑗𝑗: 1 ≤ 𝑖𝑖 ≤ 𝑙𝑙m + 𝑟𝑟  and 𝑗𝑗 = (𝑖𝑖 − 1) 𝑚𝑚𝑚𝑚𝑚𝑚 m}  is a 
set of n vertices whose Steiner distance is m + n − 2. By 
adding any vertex 𝑒𝑒𝑖𝑖,𝑗𝑗 ∈ 𝑉𝑉(𝐿𝐿(𝐾𝐾m,n)) − 𝑆𝑆 , the Steiner 
distance of 𝑆𝑆 ∪ 𝑒𝑒𝑖𝑖,𝑗𝑗 is m + n − 1. Thus 𝑒𝑒1,0 is adjacent all 
the vertices of 𝑆𝑆𝐴𝐴n+1(𝐿𝐿(𝐾𝐾m,n)). Hence the result follows. 

Theorem 2.2.5 For every pair of natural numbers 
𝑙𝑙,𝑚𝑚 ≥ 3 with 𝑙𝑙 ≤ 𝑚𝑚 there is a graph 𝐺𝐺 whose 𝑎𝑎𝑠𝑠(𝐺𝐺) =
𝑙𝑙 and 𝑎𝑎𝑠𝑠�𝐿𝐿(𝐺𝐺)� = 𝑚𝑚. 

Proof. By taking m = 𝑙𝑙 − 1 and n = 𝑚𝑚 − 1 in Lemma 1.5 
and Theorem 2.2.4, the result follows. 

2.3. Steiner Antipodal Number for Complement of 
Some Graphs 

Observation 2.3.1 For every complete graph, the 
Steiner antipodal number of its complement is 2. 

Proof. The observation is attained using Lemma 1.2. 
Proposition 2.3.2 For every complete 𝑘𝑘 −partite graph 

other than complete graph, the Steiner antipodal number 
of its complement is 3. 

Proof. The Complement of complete 𝑘𝑘 −partite graph is 
the union of 𝑘𝑘  number complete graphs and hence by 
Lemma 1.1, the result follows. 

Proposition 2.3.3 For every natural number  𝑛𝑛 ,  
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𝑎𝑎𝑠𝑠�𝑃𝑃𝑛𝑛� = �𝑛𝑛,    𝑖𝑖𝑖𝑖 𝑛𝑛 = 1, 2, 3
4,        𝑖𝑖𝑖𝑖 𝑛𝑛 ≥ 4   

Proof. When n = 1, the answer is clear. When 𝑛𝑛 = 2, 𝑃𝑃𝑛𝑛 
is totally disconnected and hence by lemma 1.2, 𝑎𝑎𝑆𝑆(𝑃𝑃2) =
2. When 𝑛𝑛 = 3, 𝑃𝑃𝑛𝑛  ≅ 𝑃𝑃2 ∪ 𝐾𝐾1 and hence by lemma 1.1, 
𝑎𝑎𝑆𝑆(𝑃𝑃3) = 3 . Assume  𝑛𝑛 ≥ 4 . Consider 𝑉𝑉(𝑃𝑃𝑛𝑛)  =
{𝑣𝑣1, 𝑣𝑣2, … , 𝑣𝑣𝑛𝑛} such that 𝑣𝑣1 and 𝑣𝑣𝑛𝑛 are vertices of degree 
one. In  𝑃𝑃𝑛𝑛 , {𝑣𝑣𝑖𝑖 , 𝑣𝑣𝑖𝑖−1, 𝑣𝑣𝑖𝑖+1 }  are not adjacent for all 
2 ≤ 𝑖𝑖 ≤ 𝑛𝑛 − 1. Also 𝑣𝑣1 and 𝑣𝑣𝑛𝑛 are non-adjacent with 𝑣𝑣2 
and 𝑣𝑣𝑛𝑛−1  respectively. 𝑒𝑒3(𝑣𝑣𝑖𝑖) = 3  for all 1 ≤ 𝑖𝑖 ≤ 𝑛𝑛. 
Hence 𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚3(𝑃𝑃𝑛𝑛� ) = 3. Steiner distance of the sets  
{𝑣𝑣1, 𝑣𝑣𝑛𝑛 , 𝑣𝑣𝑖𝑖(𝑖𝑖 ≠ 1,𝑛𝑛)} are 2 and hence 𝑣𝑣1 and 𝑣𝑣𝑛𝑛  are not 
adjacent in Steiner 3-antipodal of 𝑃𝑃𝑛𝑛 . Since 4-diameter of 
𝑃𝑃𝑛𝑛  is 3 , any set {𝑣𝑣𝑖𝑖 , 𝑣𝑣𝑗𝑗 , 𝑣𝑣𝑘𝑘 , 𝑣𝑣𝑙𝑙}  has Steiner distance 3. 
Therefore, 𝑆𝑆𝐴𝐴4(𝑃𝑃𝑛𝑛� ) ≅ 𝐾𝐾𝑛𝑛 and hence the result follows.  

Proposition 2.3.4 For every natural numbers 𝑚𝑚 and 𝑛𝑛 
with 𝑚𝑚 ≤ 𝑛𝑛, 𝑎𝑎𝑆𝑆(𝐵𝐵𝑚𝑚,𝑛𝑛) = 𝑚𝑚 + 3  

Proof. Let 𝑉𝑉 = {𝜇𝜇, 𝜇𝜇1, 𝜇𝜇2, … , 𝜇𝜇𝑚𝑚}  ∪  {𝜏𝜏, 𝜏𝜏1, 𝜏𝜏2, … , 𝜏𝜏𝑛𝑛} 
be the vertex set of 𝐵𝐵𝑚𝑚,𝑛𝑛  such that 𝜇𝜇  and 𝜏𝜏  are 
non-pendant vertices. In 𝐵𝐵m,n , 𝜇𝜇𝑖𝑖’s are not adjacent with 
𝜏𝜏  and 𝜏𝜏𝑖𝑖 ’s are not adjacent with 𝜇𝜇 , 𝜇𝜇  and 𝜏𝜏  are also 
non-adjacent. Therefore, 𝑒𝑒𝑚𝑚+2(𝑤𝑤) = 𝑚𝑚 + 2 , for all 
𝑤𝑤 ∈ 𝐵𝐵𝑚𝑚,𝑛𝑛������ . Hence, 𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚+2�𝐵𝐵𝑚𝑚,𝑛𝑛������� = 𝑚𝑚 + 2 . Consider 
the set {𝜇𝜇𝑖𝑖, 𝜏𝜏𝑗𝑗} ∪ 𝐴𝐴  where 𝐴𝐴 ⊆ 𝑉𝑉(𝐵𝐵𝑚𝑚,𝑛𝑛������)  such that 
|𝐴𝐴| = 𝑚𝑚 has Steiner distance 𝑚𝑚 + 1 < 𝑚𝑚 + 2 and hence 
𝜇𝜇𝑖𝑖  and 𝜏𝜏𝑗𝑗 are non-adjacent in 𝑆𝑆𝐴𝐴𝑚𝑚+2(𝐵𝐵𝑚𝑚,𝑛𝑛������) . Since 
(𝑚𝑚 + 3) − diameter of 𝐵𝐵𝑚𝑚,𝑛𝑛������ is 𝑚𝑚 + 2  and any (𝑚𝑚 +
3)-elements set has Steiner distance (𝑚𝑚 + 2), the Steiner 
(𝑚𝑚 + 3)-antipodal graph of 𝐵𝐵𝑚𝑚,𝑛𝑛������ is 𝐾𝐾𝑚𝑚+𝑛𝑛+2  and hence 
the result follows. 

Theorem 2.3.5 For every natural number  𝑝𝑝 ≥ 1, there 
exists a graph 𝐺𝐺  whose complement having Steiner 
antipodal number 𝑝𝑝. 

Proof. By Propositions 2.3.3 and 2.3.4, the result 
follows.  

Theorem 2.3.6 If 𝐺𝐺 is a 𝑛𝑛  vertices graph and 𝐺̅𝐺 is 
disconnected, then 𝑎𝑎𝑠𝑠(𝐺𝐺 + 𝐺̅𝐺) = 𝑛𝑛 + 1. 

Proof. Let 𝑉𝑉 = {𝛼𝛼1,𝛼𝛼2, … ,𝛼𝛼𝑛𝑛} ∪ {𝛼𝛼1′,𝛼𝛼2′, … ,𝛼𝛼𝑛𝑛′} be 
the vertex set of 𝐺𝐺 + 𝐺̅𝐺 such that 𝛼𝛼𝑖𝑖 ∈ 𝐺𝐺 and 𝛼𝛼𝑖𝑖′ ∈ 𝐺̅𝐺 for 
all1 ≤ 𝑖𝑖 ≤ 𝑛𝑛 . In 𝐺𝐺 + 𝐺̅𝐺 , 𝑒𝑒𝑛𝑛(𝛼𝛼𝑖𝑖) = 𝑛𝑛 − 1  for all 𝛼𝛼𝑖𝑖 ∈ 𝐺𝐺 
and 𝑒𝑒𝑛𝑛(𝛼𝛼𝑖𝑖′) = 𝑛𝑛  for all 𝛼𝛼𝑖𝑖′ ∈ 𝐺̅𝐺 . Hence,  𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑛𝑛(𝐺𝐺 +
𝐺̅𝐺) = 𝑛𝑛. Consider the set {𝛼𝛼𝑖𝑖 ,𝛼𝛼𝑖𝑖′} ∪ 𝐵𝐵 where 𝐵𝐵 ⊆ 𝑉𝑉(𝐺𝐺 +
𝐺̅𝐺) such that |𝐵𝐵| = 𝑛𝑛 − 2 has Steiner distance 𝑛𝑛 − 1 <
𝑛𝑛 and hence 𝛼𝛼𝑖𝑖  and 𝛼𝛼𝑖𝑖′ are not adjacent in 𝑆𝑆𝐴𝐴𝑛𝑛(𝐺𝐺 + 𝐺̅𝐺). 
Since 𝑒𝑒𝑛𝑛+1(𝑤𝑤) = 𝑛𝑛  for all 𝑤𝑤 ∈  𝑉𝑉(𝐺𝐺 + 𝐺̅𝐺) , 
𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑛𝑛+1(𝐺𝐺 + 𝐺̅𝐺) = 𝑛𝑛 . Any (𝑛𝑛 + 1) -elements set has 
Steiner distance 𝑛𝑛 in 𝐺𝐺 + 𝐺̅𝐺. Therefore, 𝑆𝑆𝐴𝐴𝑛𝑛+1(𝐺𝐺 + 𝐺̅𝐺) ≅
𝐾𝐾2𝑛𝑛 and hence the result follows. 

3. Conclusions 

Generalized corona of graphs, Line graphs and 
Complement of graphs are useful in chemical graph theory. 

This research explores the Steiner antipodal number 
(𝑎𝑎𝑠𝑠(𝐺𝐺)) for generalized corona of graphs, line graph of any 
tree and we provided characterization of Steiner antipodal 
number of a graph in terms of line graph and complement 
of a graph.  

4. Future Scope 
In our further research, we intend to focus on following 

points: (i) Characterization for Steiner antipodal number of 
graphs using generalized edge corona operation (ii) 
Relation between Steiner radial number and Steiner 
antipodal number of graphs for lexicographic product 
operation. (iii) Steiner antipodal number of graphs for 
Mycielskians of a graph. 
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