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Abstrak. Misalkan 𝐺 adalah graf yang memiliki himpunan titik 𝑉(𝐺) dan himpunan sisi 𝐸(𝐺). Misalkan 𝑊 =
{𝑤1, 𝑤2, … 𝑤𝑘} adalah himpunan bagian dari 𝑉(𝐺). Representasi titik 𝑣 ∈ 𝑉(𝐺) terhadap 𝑊, dilambangkan dengan 

𝑟(𝑣|𝑊), didefinisikan sebagai vektor-𝑘 (𝑑(𝑣, 𝑤1 ), 𝑑(𝑣, 𝑤2 ), … , 𝑑(𝑣, 𝑤𝑘)). Himpunan 𝑊 disebut himpunan 

pembeda lokal 𝐺 jika 𝑟(𝑢│𝑊) ≠ 𝑟(𝑣│𝑊) untuk setiap dua titik yang bertetangga 𝑢, 𝑣 ∈ 𝑉(𝐺). Kardinalitas 

terkecil dari semua himpunan pembeda lokal di 𝐺 disebut dimensi metrik lokal 𝐺, dilambangkan dengan lmd(𝐺). 

Himpunan pembeda lokal 𝐺 dengan kardinalitas lmd(𝐺) disebut basis lokal dari 𝐺. Dalam artikel ini, kami 

menentukan dimensi metrik lokal dari graf garis dari suatu graf Petersen diperumum 𝑃𝑛,1. 

 

Kata Kunci: Dimensi Metrik Lokal, Graf Garis, Graf Petersen Diperumum. 

Abstract. Let 𝐺 be a graph that has a vertex set 𝑉(𝐺) and an edge set 𝐸(𝐺). Let 𝑊 = {𝑤1, 𝑤2, … 𝑤𝑘} be a subset 

of 𝑉(𝐺). The representation of a vertex 𝑣 ∈ 𝑉(𝐺) with respect to 𝑊, denoted by 𝑟(𝑣|𝑊), is defined as 𝑘-vector 

(𝑑(𝑣, 𝑤1), 𝑑(𝑣, 𝑤2), … , 𝑑(𝑣, 𝑤𝑘)). A set 𝑊 is called a local resolving set of 𝐺 if 𝑟(𝑢|𝑊) ≠ 𝑟(𝑣|𝑊) for every two 

adjacent vertices 𝑢, 𝑣 ∈ 𝑉(𝐺). The smallest cardinality of all local resolving set in 𝐺 is called the local metric 

dimension of 𝐺, denoted by lmd(𝐺). The local resolving set of 𝐺 with cardinality lmd(𝐺) is called a local basis of 

𝐺. In this paper, we determine the local metric dimension of the line graph of generalized Petersen graph 𝑃𝑛,1. 

Keywords: Local metric dimension, Line graph, Generalized Petersen Graph. 

 Introduction 

All the graphs discussed in this article are simple, finite, and connected. For a graph 𝐺, 

we denote its vertex set by 𝑉(𝐺) and its edge set by 𝐸(𝐺). Let 𝐺 be a graph that has a vertex 

set 𝑉(𝐺) and an edge set 𝐸(𝐺). Let 𝑢, 𝑣 ∈ 𝑉(𝐺), we write 𝑢~𝐺𝑣 if 𝑢 is adjacent to 𝑣 in 𝐺 (if 

there is no ambiguity about graph 𝐺, we write 𝑢~𝑣). If 𝑢 and 𝑣 are not adjacent in 𝐺, we write 

𝑢 ≁𝐺 𝑣.  

In this article, we discuss the local metric dimension problem of a graph. This problem is 

another variant of the metric dimension, a problem first introduced by Harary and Melter, and 

separately by Slater (Slater, 1975). For the distance between two vertices 𝑢 and 𝑣 in 𝐺, we 

denoted by 𝑑(𝑢, 𝑣). Let 𝑊 = {𝑤1, 𝑤2, … 𝑤𝑘} be a subset of 𝑉(𝐺). The representation of a vertex 

𝑣 ∈ 𝑉(𝐺) with respect to 𝑊, denoted by 𝑟(𝑣|𝑊), is defined as 𝑘-vector 

(𝑑(𝑣, 𝑤1), 𝑑(𝑣, 𝑤2), … , 𝑑(𝑣, 𝑤𝑘)). A set 𝑊 is called a local resolving set of 𝐺 if 𝑟(𝑢|𝑊) ≠
𝑟(𝑣|𝑊) for every two adjacent vertices 𝑢, 𝑣 ∈ 𝑉(𝐺). The smallest cardinality of all local 

resolving set in 𝐺 is called the local metric dimension of 𝐺, denoted by lmd(𝐺). The local 

resolving set of 𝐺 with cardinality lmd(𝐺) is called a local basis of 𝐺. 

Local metric dimension problem was first studied by Okamoto, et al (Okamoto et al., 

2010). Okamoto has proven several statements related to the local metric dimension of a graph, 

one of which is the following.  
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Theorem 1. (Okamoto et al., 2010) Let G be a nontrivial connected graph of order n. lmd(𝐺) =
𝑛 − 1 if and only if 𝐺 = 𝐾𝑛 and lmd(𝐺) = 1 if and only if 𝐺 is a bipartite graph. 

Several authors have studied the local metric dimension of some graphs and have obtained some 

results (F & Jude Annie Cynthia, 2017)(Fitriani et al., 2022)(Solekhah & Kusmayadi, 2018).   

The graph discussed in this article is the line graph of a generalized Petersen graph. A 

generalized Petersen graph, denoted by 𝑃𝑛,𝑚 with 𝑛 ≥ 3 and 1 ≤ 𝑚 ≤ ⌊
𝑛−1

2
⌋, is a graph with a 

vertex set 𝑉(𝑃𝑛,𝑚) = {𝑢1, 𝑢2, 𝑢3 … , 𝑢𝑛, 𝑣1, 𝑣2, 𝑣3 … , 𝑣𝑛} and an edge set 𝐸(𝑃𝑛,𝑚) =

{𝑢𝑖𝑢𝑖+1, 𝑢𝑖𝑣𝑖 , 𝑣𝑖𝑣𝑖+𝑚 |with indices taken mod 𝑛}. This graph was introduced by Watkins 

(Watkins, 1969). The line graph of graph 𝐺, denoted by 𝐿(𝐺), is a graph whose vertices are 

obtained from one-to-one correspondence with the edges of 𝐺. In this article, we denote a vertex 

of 𝐿(𝐺) by 𝑢𝑣 to mean that the vertices 𝑢 and 𝑣 in 𝐺 are adjacent vertices in 𝐺 or 𝑢𝑣 is an edge 

in 𝐺. Let 𝑢, 𝑣, and 𝑤 are in 𝑉(𝐺). Two vertices 𝑢𝑣 and 𝑣𝑤 in 𝐿(𝐺) are adjacent if only if two 

edges 𝑢𝑣 and 𝑣𝑤 in 𝐺 are adjacent. Some result of study about the local metric dimension of 

the line graph can be seen in (Marsidi et al., 2016). In this study, we determine the local metric 

dimension of the line graph of a generalized Petersen graph 𝑃𝑛,𝑚 with 𝑚 = 1. The line graph of 

a generalized Petersen graph 𝑃𝑛,1, denoted by 𝐿(𝑃𝑛,1), is a graph with vertex set 𝑉 (𝐿(𝑃𝑛,1)) =

{𝑢𝑖𝑢𝑖+1, 𝑢𝑖𝑣𝑖 , 𝑣𝑖𝑣𝑖+1|with indices taken mod 𝑛}. The adjacent vertices in 𝐿(𝑃𝑛,1) are 

𝑢𝑖𝑢𝑖+1~𝑢𝑖+1𝑢𝑖+2, 𝑢𝑖𝑢𝑖+1~𝑢𝑖+1𝑣𝑖+1, 𝑢𝑖𝑢𝑖+1~𝑢𝑖𝑣𝑖, 𝑢𝑖𝑣𝑖~𝑣𝑖−1𝑣𝑖, 𝑢𝑖𝑣𝑖~𝑣𝑖𝑣𝑖+1, and 

𝑣𝑖𝑣𝑖+1~𝑣𝑖+1𝑣𝑖+2. An example of a generalized Petersen graph and its line graph are represented 

in Figure 1.  

 

Figure 1. Generalized Petersen graph 𝑃5,1 (a) and its line graph (b) 

 Method 

This research is a literature study. Several references related to local metric dimension are 

collected and studied. Several definitions and results of previous studies are used to prove the 

results of this study. In determining the local metric dimension of 𝐿(𝑃𝑛,1), a subset of 

𝑉(𝐿(𝑃𝑛,1)) is proven to be a local resolving set. Furthermore, we show that that subset is a local 

basis of 𝐿(𝑃𝑛,1). From there, we determine the local metric dimension of 𝐿(𝑃𝑛,1). 
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 Result and Discussion 

In this section, we determine the local metric dimension of the line graph of a generalized 

Petersen graph 𝑃𝑛,1. 

 

Theorem 2. Let 𝐿(𝑃𝑛,1) be a line graph of a generalized Petersen graph 𝑃𝑛,1 with 𝑛 ≥ 5. Then 

lmd(𝐿(𝑃𝑛,1)) = 2. 

 

Proof.  

Note that 𝐿(𝑃𝑛,1) contains a complete subgraph 𝐾3 of order 3, so 𝐿(𝑃𝑛,1) is not a bipartite graph. 

By theorem 1, lmd(𝐿(𝑃𝑛,1) ) ≥ 2. Next, we consider two cases about 𝑛. 

Case 1: 𝑛 is even 

Let 𝑊 be a subset of 𝑉(𝐿(𝑃𝑛,1)) and 𝑊 = {𝑢1𝑢2, 𝑢𝑘𝑢𝑘+1} with 𝑘 =
𝑛+2

2
. For every two 

adjacent vertices in 𝐿(𝑃𝑛,1), their representations with respect to 𝑊 are shown as follows: 

1. 𝑢𝑖𝑢𝑖+1 and 𝑢𝑖+1𝑢𝑖+2 

𝑟(𝑢𝑖𝑢𝑖+1|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − (𝑖 + 1), 𝑖 − 𝑘), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 3
 

and  

𝑟(𝑢𝑖+1𝑢𝑖+2|𝑊) = {
(𝑖, 𝑘 − (𝑖 + 1)), if 2 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − (𝑖 + 2), (𝑖 + 1) − 𝑘),    if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 3.
 

2. 𝑢𝑖𝑢𝑖+1 and 𝑢𝑖+1𝑣𝑖+1 

𝑟(𝑢𝑖𝑢𝑖+1|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − (𝑖 + 1), 𝑖 − 𝑘), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑢𝑖+1𝑣𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − (𝑖 + 1), 𝑖 − 𝑘 + 1),    if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 2.
 

 

3. 𝑢𝑖𝑢𝑖+1 and 𝑢𝑖𝑣𝑖 

𝑟(𝑢𝑖𝑢𝑖+1|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − (𝑖 + 1), 𝑖 − 𝑘), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑢𝑖𝑣𝑖|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖, 𝑖 − 𝑘),    if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 2.
 

 

4. 𝑢𝑖𝑣𝑖  and 𝑣𝑖−1𝑣𝑖 

𝑟(𝑢𝑖𝑣𝑖|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖 + 1), if 3 ≤ 𝑖 ≤ 𝑘

(2𝑘 − 𝑖, 𝑖 − 𝑘), if 𝑘 + 2 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑣𝑖−1𝑣𝑖|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖 + 2), if 3 ≤ 𝑖 ≤ 𝑘

(2𝑘 − 𝑖 + 1, 𝑖 − 𝑘), if 𝑘 + 2 ≤ 𝑖 ≤ 2𝑘 − 2.
 

 

For 𝑢1𝑣1~𝑣2𝑘−2𝑣1, 𝑢2𝑣2~𝑣1𝑣2, and 𝑢𝑘+1𝑣𝑘+1~𝑣𝑘𝑣𝑘+1, we obtain that 𝑟(𝑢1𝑣1|𝑊) =
(1, 𝑘 − 1) ≠ (2, 𝑘 − 1) = 𝑟(𝑢2𝑘−2𝑣1|𝑊), 𝑟(𝑢2𝑣2|𝑊) = (1, 𝑘 − 1) ≠ (2, 𝑘) =
𝑟(𝑣1𝑣2|𝑊), and 𝑟(𝑢𝑘+1𝑣𝑘+1|𝑊) = (𝑘 − 1,1) ≠ (𝑘, 2) = 𝑟(𝑣𝑘𝑣𝑘+1|𝑊). 
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5. 𝑢𝑖𝑣𝑖  and 𝑣𝑖𝑣𝑖+1 

𝑟(𝑢𝑖𝑣𝑖|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖, 𝑖 − 𝑘), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑢𝑖𝑣𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 2.
 

 

For 𝑢1𝑣1~𝑣1𝑣2 and 𝑢𝑘𝑣𝑘~𝑣𝑘𝑣𝑘+1, we obtain that 𝑟(𝑢1𝑣1|𝑊) = (1, 𝑘 − 1) ≠
(2, 𝑘) = 𝑟(𝑣1𝑣2|𝑊) and 𝑟(𝑢𝑘𝑣𝑘|𝑊) = (𝑘 − 1,1) ≠ (𝑘, 2) = 𝑟(𝑣𝑘𝑣𝑘+1|𝑊). 

 

 

 

6. 𝑣𝑖𝑣𝑖+1 and 𝑣𝑖+1𝑣𝑖+2 

𝑟(𝑣𝑖𝑣𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 3
 

and  

𝑟(𝑣𝑖+1𝑣𝑖+2|𝑊) = {
(𝑖 + 1, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖 − 1, 𝑖 − 𝑘 + 2), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 3.
 

 

For 𝑣𝑘−1𝑣𝑘~𝑣𝑘𝑣𝑘+1 and 𝑣2𝑘−2𝑣1~𝑣1𝑣2, we obtain that 𝑟(𝑣𝑘−1𝑣𝑘|𝑊) = (𝑘 − 1,2) ≠
(𝑘, 2) = 𝑟(𝑣𝑘𝑣𝑘+1|𝑊) and 𝑟(𝑣2𝑘−2𝑣1|𝑊) = (2, 𝑘 − 1) ≠ (2, 𝑘) = 𝑟(𝑣1𝑣2|𝑊). 

 

Note that every two adjacent vertices in 𝐿(𝑃𝑛,1) have different representations with respect to 

𝑊. Therefore, lmd (𝐿(𝑃𝑛,1)) ≤ 2 if 𝑛 is even. 

Case 2: 𝑛 is odd 

Let 𝑊 be a subset of 𝑉(𝐿(𝑃𝑛,1)) and 𝑊 = {𝑢1𝑣1, 𝑢𝑘𝑣𝑘} with 𝑘 =
𝑛+1

2
. For every two 

adjacent vertices in 𝐿(𝑃𝑛,1), their representations with respect to 𝑊 are shown as follows: 

1. 𝑢𝑖𝑢𝑖+1 and 𝑢𝑖+1𝑢𝑖+2 

𝑟(𝑢𝑖𝑢𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖), if 1 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑢𝑖+1𝑢𝑖+2|𝑊) = {
(𝑖 + 1, 𝑘 − 𝑖 − 1), if 1 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖 − 1, 𝑖 − 𝑘 + 2), if 𝑘 ≤ 𝑖 ≤ 2𝑘 − 2.
 

 

For 𝑢𝑘−1𝑢𝑘~𝑢𝑘𝑢𝑘+1 and 𝑢2𝑘−1𝑢1~𝑢1𝑢2, we obtain that 𝑟(𝑢𝑘−1𝑢𝑘|𝑊) = (𝑘 −
1,1) ≠ (𝑘, 1) = 𝑟(𝑢𝑘𝑢𝑘+1|𝑊) and 𝑟(𝑢2𝑘−1𝑢1|𝑊) = (1, 𝑘) ≠ (1, 𝑘 − 1) =
𝑟(𝑢1𝑢2|𝑊). 

 

 

2. 𝑢𝑖𝑢𝑖+1 and 𝑢𝑖+1𝑣𝑖+1 

𝑟(𝑢𝑖𝑢𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖), if 1 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑢𝑖+1𝑣𝑖+1|𝑊) = {
(𝑖 + 1, 𝑘 − 𝑖), if 1 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 2), if 𝑘 ≤ 𝑖 ≤ 2𝑘 − 2.
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3. 𝑢𝑖𝑢𝑖+1 and 𝑢𝑖𝑣𝑖 

𝑟(𝑢𝑖𝑢𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 1
 

and  

𝑟(𝑢𝑖𝑣𝑖|𝑊) = {
(𝑖, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖 + 1, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 1.
 

 

4. 𝑢𝑖𝑣𝑖  and 𝑣𝑖−1𝑣𝑖 

𝑟(𝑢𝑖𝑣𝑖|𝑊) = {
(𝑖, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖 + 1, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 1
 

and  

𝑟(𝑣𝑖−1𝑣𝑖|𝑊) = {
(𝑖 − 1, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖 + 1, 𝑖 − 𝑘), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 1.
 

 

5. 𝑢𝑖𝑣𝑖  and 𝑣𝑖𝑣𝑖+1 

𝑟(𝑢𝑖𝑣𝑖|𝑊) = {
(𝑖, 𝑘 − 𝑖 + 1), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖 + 1, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 1
 

and  

𝑟(𝑢𝑖𝑣𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖), if 2 ≤ 𝑖 ≤ 𝑘 − 1

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 + 1 ≤ 𝑖 ≤ 2𝑘 − 1.
 

 

6. 𝑣𝑖𝑣𝑖+1 and 𝑣𝑖+1𝑣𝑖+2 

𝑟(𝑣𝑖𝑣𝑖+1|𝑊) = {
(𝑖, 𝑘 − 𝑖), if 1 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖, 𝑖 − 𝑘 + 1), if 𝑘 ≤ 𝑖 ≤ 2𝑘 − 2
 

and  

𝑟(𝑣𝑖+1𝑣𝑖+2|𝑊) = {
(𝑖 + 1, 𝑘 − 𝑖 − 1), if 1 ≤ 𝑖 ≤ 𝑘 − 2

(2𝑘 − 𝑖 − 1, 𝑖 − 𝑘 + 2), if 𝑘 ≤ 𝑖 ≤ 2𝑘 − 2.
 

 

For 𝑣𝑘−1𝑣𝑘~𝑣𝑘𝑣𝑘+1 and 𝑣2𝑘−1𝑣1~𝑣1𝑣2, we obtain that 𝑟(𝑣𝑘−1𝑣𝑘|𝑊) = (𝑘 − 1,1) ≠
(𝑘, 1) = 𝑟(𝑣𝑘𝑣𝑘+1|𝑊) and 𝑟(𝑣2𝑘−1𝑣1|𝑊) = (1, 𝑘) ≠ (1, 𝑘 − 1) = 𝑟(𝑣1𝑣2|𝑊). 

 

Similar to case 1, we obtain that every two adjacent vertices in 𝐿(𝑃𝑛,1) have different 

representations with respect to 𝑊 when 𝑛 is odd. So, lmd(𝐿(𝑃𝑛,1)) ≤ 2 if 𝑛 is odd.  

Since lmd(𝐿(𝑃𝑛,1)) ≤ 2,  we conclude that lmd(𝐿(𝑃𝑛,1)) = 2. ■ 

 In previous studies, the local metric dimension of the line graphs of several special 

graphs, such as path, cycle, generalized star, and wheel, has been determined. Those study do 

not cover the line graph of the Petersen graph. In this study, we obtain the local metric 

dimension of the line graph of 𝑃𝑛,1.   

 Conclusion and Suggestion 

The local metric dimension of the line graph of generalized Petersen graph 𝑃𝑛,1 is 2. This 

result, especially the determination of the local basis of 𝐿(𝑃𝑛,1), can be used as consideration 

in determining the local metric dimension of the line graph of certain operation for a generalized 

Petersen graph 𝑃𝑛,1 as defined in (Asmiati et al., 2020). This requires further study.                                   
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