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Abstract  The concept of line graph was discovered by many authors independently and they gave it a different names, 

like derived graph[4], interchange graph[9], edge graph and edge-to-vertex dual.  But the name line graphs comes from 

a paper by Harary &Norman(1960)[6].  In [1] Bagga, Beineke and Varma introduced the concept of super line graphs.  

In this paper, we introduce a new graph, called adjacent line graph, associated with a given simple graph G.   Also the 

adjacent line graphs of Path     Cycle    and Star       are discussed. 
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I. INTRODUCTION 

Let G (V, E) be a graph with V = {               } and   

E = {             }.  The edge graph or line graph of G is 

denoted by L(G) has the vertex set E and two vertices    and 

   are adjacent in L(G) if and only if the corresponding 

edges    and    of G are adjacent in G.  That is, in the line 

graph   L(G) each vertex corresponds to a pair of   adjacent 

vertices in G. In this paper we introduce a new graph, called 

the adjacent line graph, associated with  a graph G, in 

which each vertex  corresponds to a pair of adjacent edges 

in G.   

II. ADJACENT LINE GRAPHS 

DEFINITION 1.1 

Let G = (V, E) be a simple graph with atleast one pair of 

adjacent edges.   The adjacent line graph of G, denoted  by 

AL(G), is a graph  with  the vertex  set                    = { 

    /         are  adjacent  in G  }  and  two  vertices      ,      

are  adjacent in AL(G),  if and only if, either  the edges     

&     or      &    or           or   &     are adjacent in G. 

 

EXAMPLE 1.1 

 
 

 

 

 

EXAMPLE 1.2 

 
EXAMPLE 1.3 

 
 

EXAMPLE 1.4 

 
EXAMPLE 1.5 
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REMARK 1.1  

1. If                 are vertices of G, then the 

number of vertices in AL(G) is equal to ∑ (
  

 
) 

   , 

where        is the degree of the vertex   . 

2. The number of vertices in AL(      AL(    , 

AL(      and AL(    are respectively       
      

 
  and 

           

 
. 

3. The number of vertices in AL(    is 
          

 
. 

 

REMARK 1.2  

There are  graphs for which the  adjacent  line 

graphs are same. The following examples illustrate this. 

 

EXAMPLE 1.6 

                                         

                                         

 

 

 

 

 

EXAMPLE 1.7 

 

 

 

 

 

 

 

 

 

 

 

THEOREM 1.1 

 A graph G is connected if and only if AL(G) is 

connected. 

 

PROOF 

The theorem is clearly true for a graph G with two edges, 

since these two edges make a vertex in AL(G). 

Let us assume that G is a connected graph with m (   3) 

edges.  Since G is connected, there exists a path between 

every pair of vertices.  Thus , by definition of adjacent line 

graph, for every pair of adjacent edges in G we have a 

vertex in AL(G).  Let     be an arbitrary vertex in AL(G).  

That is,    and    are adjacent edges in G.  Here, atleast one 

of them must have an adjacent edge    in G, since G is 

connected.  This leads to another vertex     or     in AL(G).  

We continue this process until there is no edge is left in G.  

Then we have a path between every pair of vertices in 

AL(G).  Hence AL(G) is connected. 

Conversely assume that AL(G) is connected.  We have to 

prove that G is connected.  Suppose G is not connected.  

Without loss of generality, we assume that G has two 

components    and    .  Then the adjacent line graph of G 

has two components and hence AL(G) is disconnected.  

This is a contradiction to our assumption that AL(G) is 

connected.  Hence G must be connected. 
THEOREM 1.2 

The adjacent line graph of the cycle          is 4-

regular. 

 

PROOF 

Let     =                                                    . 

Then the vertices of AL(    are denoted by      ,             

,      ,……..,     .  Consider  the vertex            in  AL(   .   

It is adjacent to the four vertices 

                                   and             .  So the degree 

of the vertex         is 4.  Similarly the vertex      is 

adjacent to            ,      and         and the vertex       is 

adjacent to            ,          and             . Thus all  

the vertices of AL(    are of degree 4.  Hence  AL(     is  

4-regular. 

 

REMARK 1.3  

The adjacent line graph of    is    and the adjacent line 

graph of    is    . 

 

THEOREM 1.3 

The adjacent line graph of the star      is the complete 

graph     
.   

i.e., AL(      =     
. 

 

PROOF 

The number of vertices in the adjacent line graph of the star 

     is    
, since the degree of one vertex in      is   and 

all the other vertices are pendant vertices.  Since every edge 

in      is adjacent to every other edges, we have the degree 

of each vertex in AL(      is    
  .  Hence the adjacent 

line graph of the star      is the complete graph     
.   

 

REMARK 1.4  

The number of edges in AL(      is    
                

 
. 
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THEOREM 1.4 

If G is the graph        , then AL(G) contains exactly 

two vertices of degree 2, two vertices of degree 3 and the 

remaining     vertices are of degree 4. 
 

PROOF 

Let G be the path     = 

                                             . Then the 

vertices of AL(    are denoted by      ,             , …….., 

        .  Consider  the  vertex                         .  

It is adjacent to the four vertices 

                                    and              . So the 

degree of the vertex         is 4.  But the vertices     and 

        are adjacent to two vertices      &       and 

            &              respectively. Hence they are of 

degree 2.  The vertices      and               are adjacent to 

three  vertices      ,       &          and                         

&              respectively. Hence they are of degree 3.  

Since the number of vertices in AL(     is    , the 

number of vertices of degree 4 in AL(    is    . 

 

COROLLARY 1.1 

AL(     contains an Euler line. 

III. CONCLUSION 

In this paper, the concept of  adjacent line graph, associated 

with  a simple graph G, is introduced. We have proved that 

the adjacent line graph of cycle          is 4-regular and 

the adjacent line graph of star is a complete graph.  The 

adjacent line graph of Path   contains an Euler line.   
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