
 

 

CLIQUE EDGE GRAPH OF A GRAPH WITH (0, 1) MATRICES 

VENKANAGOUDA M GOUDAR 

Sri Gouthama Research centre, Department of Mathematics, Sri Siddhartha Institute of  
Technology,Tumkur, Karnataka, India 

 

ABSTRACT 
 
     In this communications, the concept of   clique edge  graph CE(G) of a graph G with (0, 1) matrix and 

obtained some properties on planar, outer planar. Also for the connectedness  and isomorphism of 

CE(G).  
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INTRODUCTION 
 

The block graph(3) B(G) of a graph G has the blocks of G as its vertex set and two vertices of 

B(G) are adjacent whenever the corresponding blocks of G have a nonempty intersection. In 2007 we 

defined the graph called block vertex graph  of a graph with (0, 1 ) matrix . If G is a graph with vertex set 

{v i,v2,….vp} and blocks {b1,b2,…bm} then the block vertex matrix of G is the m x p matrix b(G) = [aij], 

where [aij] = 1 if and only if a vertex vj is on the block bi, otherwise aij= 0. The block vertex graph 

denoted by BV(G) of G is the matrix graph of b(G). Alternatively, the vertex set of BV(G) is the set of 

ordered pairs (bi,vj) where vj is on the block bi in G and two ordered pairs (bi,vj) and (bmvn) are adjacent if 

and only if either bi = bm or   vj = vn .. An elementary contraction of a graph is an identification of two 

adjacent vertices u and v;  that is the vertices u and v are removed and a new vertex w is adjacent to those 

vertices to which u or v was adjacent is added. A graph G is contractible to a graph H if H can be 

obtained from G by sequence of elementary contractions. The vertices of row graph R(A) of a matrix A, 

{u1,u2,…um}, correspond to the rows of A and two vertices of R(A) are adjacent if and if corresponding 

to the vertices. Similarly, we define the column graph. 

 The number of blocks incident to a cut vertices vj is called the block degree denoted by | vj | and 

| bi | is the number of vertices in a block bi.  Using the above concept we define a graph called clique 

edge graph with (0, 1) matrix. 

CLIQUE EDGE GRAPH WITH ( 0, 1 ) MATRIX. 
 

If G is a graph with cliques {C1,C2,…Cm}, edge set {ei,e2,….en} and then the clique edge matrix 

of G is the m x n matrix  Ce(G) = [aij], where [aij] = 1 if and only if an edge  ej is on the clique Ci, 

otherwise aij= 0. The clique edge graph denoted by CE(G) of G is the matrix graph of Ce(G). 
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Alternatively, the vertex set of CE(G) is the set of ordered pairs (Ci,ej) where ej is on the clique Ci in G 

and two ordered pairs (Ci,ej) and (Cm,en) are adjacent if and only if either Ci = Cm or   ej = en . 

    We have the following the observations: 

1. The rows of CeG) correspond to the cliques of G. The row sums are the number of edges which lies 

on the cliques | Ci | and becomes the order of the clique in CE(G). 

2. The columns of Ce(G) correspond to the edges of G and column sums are the number of cliques in 

which the edge appear is called the edge clique number c(e). 

RESULTS 
 
We start with following remarks. 

Remark 1. If G is separable, the CE(G) is disconnected 

Remark 2.  If the edge clique number | c(e) | = k, then it becomes a clique of order k in CE(G). 

Remark 3.  The row graph of Ce(G) is isomorphic to the clique graph of G. 

The first theorem determines the number of vertices and edges in the block vertex graph. 

Theorem 1. For any graph G with m cliques with edge clique number c(e)=k, then  the clique edge graph 

CE(G) has ∑
=

m

i
iC

1

  vertices and  ∑
=








m

i

Ci

1 2

 + ∑
=







m

j

k

1 2

 edges. 

Proof.  By the definition of the clique edge matrix Ce(G,) the number of 1's in each row of Ce(G) is the 

number of edges in each clique Ci. Hence CE(G) has ∑
=

m

i
iC

1

 vertices. Further, the number of 1's in each 

row of Ce(G) becomes the order of clique in CE(G). Also by Remark 2, edge clique number c(e)  forms a 

clique of order   k . Since in Kn, the number of edges are 





 n
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 , this implies the number of edges formed 

by rows is∑
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 and the number of edge formed by the edge clique number is ∑
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. The number 

of edges edge in CE(G) is the sum of these edges. Hence number of  edges in EC(G) is 

∑
=








m
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+∑
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m
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. This completes the proof. 

 
Theorem 2.  For any graph G with p≥ 2 vertices, CE(G) is totally disconnected if and only if each clique 
is K2. 
 
Proof.  Suppose each clique of G is K2. By the definition, each column of  the matrix Ce(G) contains 

only one 1’s. Clearly c(e)= 1. Hence CE(G) is totally disconnected. Converse part follows by noting the 

fact that CE(G) contains a subgraph isomorphic to K3 whenever G contains a triangle. 

Theorem 3.  If a graph G is complete graph Kn, then CE(G)is also complete graph ( )
2

1−nnK . 
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Proof. If G is complete then it contains only one cliqueBy the definition, the matrix Ce(G) contains only 

one row with 
( )

2

1−nn
 number of 1’s. Clearly CE(G) becomes a complete graph of order  

( )
2

1−nn
. 

Hence CE(Kn)= ( )
2

1−nnK . 

Theorem 4. For any graph G , clique edge graph CE(G) is connected if and only if G is nonseparable 

and K2 is not a clique of G. 

Proof. Proof follows from the above theorem. 
 
Theorem 5. If a matrix b(G) contains no all zero rows (or columns) then CE(G) is contractible to the row 

graph R[Ce(G)]of Ce(G),( or the column graph of Ce(G) C[Ce(G)] ). 

Proof. Let Ce(G) = [aij] be a (0, 1) matrix with m rows. recall that the vertex set {u1, u2,…un} of R[Ce(G)] 

correspond to the rows of Ce(G) and two vertices of R[Ce(G)]  are adjacent if and only if there is a 

column of Ce(G) with 1's in the two rows corresponding to the vertices. The 1's in each row of Ce(G) 

form a set {R1, R2,…Rm} of m cliques as there are m non zero rows in Ce(G). Let H be the graph 

obtained by contracting each Ri in Ce(G) to a vertex ri. Then H has vertex set    {r1, r2,…rm} and ri is 

adjacent to rj if and only if a vertex in Ri of CE(G) is adjacent to a vertex in Rj. There is one – one 

correspondence between the vertices of R[Ce(G)] and H. An edge uiuj is in R[Ce(G)] if there is an integer 

k such that aik=ajk=1. This implies that an edge (i, k ) (j, k ) is in CE(G) and hence ri is adjacent to rj in H. 

Hence the 1's corresponding to a vertex in Ri adjacent to a vertex in Rj lie in the same column of Ce(G). 

This implies that ui is adjacent uj in R[Ce(G)]. A similar contraction using the cliques of CE(G) 

corresponding to columns of Ce(G). yield a contraction from CE(G) to the column of Ce(G). C[Ce(G).]. 

This completes the proof. 

Theorem 6.  For any graph G, the clique edge graph CE(G) is planar if and only if G satisfies the 

following conditions: 

1. | Ci | ≤ 3 and  
2. c(e)≤ 4, for any edge degree of G. 

 
Proof. Consider CE(G) is planar. We have the following cases. 
 
Case 1. Assume that | Ci |≥ 5 and c(e) ≤  4. By definition of the matrix Ce(G), the ith row contains five 

1’s, and it forms K10 as induces subgraph in CE(G), which is nonplanar, a contradiction. 

Case 2. Assume that c(e)=4 and |Ci| ≥ 4. By Remark 2, the edge degree c(e)   gives the order of the 

clique in CE(G) and it becomes a complete graph K6 and   if |Ci| ≥ 4, then CE(G) contains 〈Kn〉, n≥ 5  as 

induced subgraph, which is nonplanar, a contradiction. 

    Conversely suppose the given conditions are holds. By definition, each row and column contains 

three or less 1’s and hence each clique in EC(G) is Kn for n>4. Clearly CE(G) is planar. 

Theorem 7. For any graph G, the clique edge  graph  CE(G) is outerplanar if and only if  
1. | Ci | ≤ 3 and  
2.   3)( ≤ec , for every edge degree  of G. 
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Proof. Suppose CE(G) is outerplanar. We have the following cases. 
 
Case 1. Assume that |Ci|≥ 4 and 3)( ≤ec . By definition of matrix Ce(G), the ith row contains four or 

more 1’s Clearly CE(G) contains  Kn for 6≥n  as induced subgraph, which is nonouterplanar, a 
contradiction.   
 
Case 2. Assume that | Ci | ≤ 3 and and c(e) >3. By the definition of the clique edge matrix Ce(G), the i th 

column contains four 1’s. Clearly it forms  〈Kn〉,n≥ 4  as induced subgraph, which is nonouterplanar, a 

contradiction. 

Conversely, suppose the given conditions are holds. By definition, each clique contains 3 or less edge 

and edge degree is less than or equal to 3. By definition each row and each column contains 3 or less 1’s 

and hence each clique in CE(G) is Kn for 3≥n . Hence CE(G) is outer planar. 
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