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1.                                          INTRODUCTION 

The maximum weighted clique problems are 

defined for finding a clique with the largest number of 

vertices in a given graph where the corresponding 

weight to the edges are assigned. Such a weight to the 

edges can be considered as a displacement vector 

between two vertices (Frank, 2013). There are some 

methods, which address the maximum weight clique 

problem by different ways such as MCS, BnB and ILS 

(Tomita, 2007; Tomita, 2010 and Andrade, 2012).  

 

Carraghan and Pardalos in 1990 have 

presented a clique finding method that works for 

random graphs as well as for DIMACS graphs with up 

to 3000 nodes and with the density up to 25 percent 

(Sewell, 1998). In addition, a maximum weight clique 

discussed by Jain, 2011 for the graphs where the 

weights to graphs is given is the extension of the well-

known Bron-Kerbosh method, 1973.  
 

There is a well-known algorithm which 

enumerates all cliques in a graph is of Bron and 

Kerbosch (1973). The Kerbosch method uses branch 

and bound method, and finds all maximal cliques but it 

does not count the weight of the edges. The order of the 

Bron-Kerbosch method is O(3
n/3

) (Jenelius, 2006, 

Christofides, 2012). Furthermore, the calculation of the 

upper bounds with branch and bound method discussed 

in Sewell, (1998).  

 

The maximum weighted clique problem is NP 

hard so it is difficult to deal with such problems. Some 

methods spilt such graphs into smaller ones in order to 

reduce the computational burden (Liu, 2008,          

Frank, 2013). 
 

Bioinforamtics also provides a huge storage 

capacity of networks, where the information on the 

molecular scale is encoded. DNA operations are used 

for solving travelling salesperson problem where DNA 

single strand are used for lengths on the edges with the 

corresponding DNA operations such as Merge, 

Annealing, Denaturation, Separation, and Discard 

(Kumlander, 2006; Wang, 2012).  In Wang’s paper, a 

DNA procedure is discussed for finding out the shortest 

path problems. It is very interesting problem which is 

defined for edge-weighted graph G = (V, E) which 

finds a path at starting and ending vertices such that the 

total weights on the path is smallest.  
 

There are many applications of maximum 

weighted clique problems. Some of them are graph 

matching, computer vision, image matching, similarity 

searching and in structural biology, information 

retrieval (Babel, 1994; Brijnesh, 2004; Bahram, 2007; 

Batsyn, 2013). 
 

This paper presents an efficient method that 

finds the maximum weight clique in a random 

undirected graph. The presented method will look for 

the edge weights in any graph. The method is extension 

of the method presented by Khuhro, et al., (2012) 
 

In the result section, the comparison of the 

presented method with some well-known methods for 

DIMACS graphs is presented where the proposed 

method performs better. However, the DIMACS graphs 

are not weighted graphs but their density is applied to 

each edge in order to get the weighted graphs. 
  

2.                     METHOD AND MATERIALS 

Let us say G = (V, E) is a simple undirected 

graph with a set V of nodes and a set E of edges. Let 
 REw : is a weighting function, which assigns to 

each edge i ε E a real number. For a clique C of G, the 

edge weight is defined as follows: 
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Where wi is the weight of the edges and a C is defined 

as follows: 

)2(},{ NjvC j 

 

A adjacency matrix of a graph on n vertices is 

an n × n  matrix ),( jiM in which the entry 

1),( jiM  if there is an edge from vertex  i to vertex 

j and is 0 if there is no edge from vertex  i to vertex j. 
  

 
 

(Fig-1): An example of a graph where seven nodes and 

their corresponding weights are given which is called a 

edge weight graph.   
 

An adjacency matrix ),( jiM  of the given 

graph is formed by assigning 1 to a vertex where the 

two vertexes are connected and 0 where there is no 

connection between them. Matrix M is strictly upper 

triangular matrix because the graph is undirected graph. 

The strictly upper triangular matrix will help to reduce 

the number of iterations of the proposed method while 

searching for a clique. 
 

The adjacency matrix of above graph having  7 

nodes in strictly upper triangular matrix can be written 

as  
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The purpose of this research is to find a 

maximum weight clique from an undirected graph (Fig-

1). The method is extended to some well-known graphs 

called DIMCAS (William, 1995). The proposed method 

applied on benchmark DIMACS graphs, and the results 

are in Table-1. Computationally the presented algorithm 

performs well and is better for the maximum weight 

clique problems.  

 

ALGORITHM: 

The algorithm CLIQ (Khuhro, 2012) has been 

modified for weighted edges: 

Function to find a clique (SIZE_G) 

1:  J=1 

2:  While (J<=SIZE_G) 

3:  TOP:=0 

4:  CLIQUE_SIZE:=0 

5:  MAX_SIZE:=0 

6:  TOP:=TOP+1 

7:  CLIQUE[TOP]:= n[i] an unprocessed node  

     of N 

8:  CLIQUE_SIZE:=CLIQUE_SIZE+1 

9:  WEIGHTS[TOP]:=W[i] 

10: While (CLIQUE≠Null) 

11:   TOP_NODE:=CLIQUE[TOP] 

12:  If (TOP_NODE has no unprocessed  

       adjacent node) 

13:        If (CLIQUE_SIZE>MAX_SIZE) 

14:             MAX_CLIQUE:=CLIQUE 

15:             MAX_SIZE:=CLIQUE_SIZE 

16:             MAX_WEIGHTS:=WEIGHTS 

17:        End if 

18:        If(CLIQUE_SIZE=MAX_SIZE) AND     

                   (∑WEIGHTS<∑MAX_WEIGHTS) 

19:             MAX_CLIQUE:=CLIQUE 

20:             MAX_SIZE:=CLIQUE_SIZE 

21:             MAX_WEIGHTS:=WEIGHTS 

22:        End if 

23:        TOP:=TOP-1 

24:   Else 

25:        TOP:=TOP+1 

26:        CLIQUE[TOP]:=n[i] an unprocessed  

             adjacent node of TOP_NODE that is  

             also adjacent to all nodes in CLIQUE 

27:        CLIQUE_SIZE:=CLIQUE_SIZE+1 

28:        WEIGHTS[TOP]:=W[i] 

29:    End of if 

30:  End of inner while 

31: End of outer while  

32: Return 
 

The proposed algorithm’s description is as follows: 
 

 N- Set of all nodes of a graph G 

 CLIQUE - growing clique 

 MAX-CLIQUE- nodes of maximum clique 
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 W-weights of edges in G 

 SIZE_G-number of nodes in G 

 CLIQUE_SIZE-number of nodes in clique 

 MAX_SIZE- number of nodes in max_clique 

 WEIGHTS-weight of an edge containing nodes in 

clique 

 MAX_WEIGHTS-number of edges containing nodes 

in max_clique 

 

 

3.                     RESULTS AND DISCUSSION 

The proposed method is used to solve the 

undirected graphs having weights on the edges. The 

method tested on the benchmark graphs known as 

DIMACS graphs (William, 1995).  However, the 

DIMACS graphs are not weighted graphs but their 

density is used as a weight for each edge. The selected 

problems having edge weights, the corresponding 

clique size and the edge size are defined in the Table-1. 

The edge weight is nothing but the edge density defined 

for each graph. 
 

 

Table-1. The table shows the result of comparison of five algorithms Balas, 1996; Wood, 1997; Sewell, 1998; Ostergard, 2002; proposed 

method, for DIMACS graphs. Column one represents the names of DIMACS graphs. Second column is for the density, third column   

gives the number of nodes in graphs, whereas fourth column describes the size of clique is each graph. Fifth column shows the edges.    

Whereas 6-10 columns illustrate the ratio of time in seconds and clique for each method represented by A, B, C, D and E. This ratio is 

multiple of 105. 
 

BENCHMARKS RESULTS OF DIMACS GRAPHS 

DIMACS Graphs d Nodes Size Edges A B C D E 

c-fat200-1 0.08 200 12 1534 0.03 0.02 - 0.01 0.00333 

c-fat200-2 0.16 200 24 3235 0.02 0.02 - 0.01 0.00166 

c-fat200-5 0.43 200 58 8473 0.13 0.13 - 7.81 0.00413 

c-fat500-1 0.04 500 14 4459 0.08 0.02 - 0.07 0.00285 

c-fat500-10 0.37 500 126 46627 0.64 0.03 - 0.07 0.03047 

c-fat500-2 0.07 500 26 9139 0.11 0.08 - 0.08 0.00615 

c-fat500-5 0.19 500 64 23191 0.24 0.16 - 10,442.64 0.01000 

johnson16-2-4 0.76 120 8 5460 0.01 195.80 - 0.27 0.00500 

johnson8-2-4 0.56 28 4 210 0.01 0.02 - 0.01 0.00000 

johnson8-4-4 0.77 70 14 1855 0.01 0.18 - 0.01 0.00285 

keller4.clq 0.65 171 11 9435 3.39 18.45 1.95 0.50 0.00888 

hamming10-2 0.99 1024 512 518656 30.89 79.15 4.58 0.86 0.11507 

hamming6-2 0.90 64 32 1824 0.01 0.01 - 0.01 0.00000 

hamming8-2 0.97 256 128 31616 0.34 0.01 - 0.04 0.01812 

hamming8-4 0.64 256 16 20864 1.74 79.15 4.58 0.86 0.01500 

p_hat300-1 0.25 300 8 10933 0.80 1.47 2.00 0.04 0.00042 

p_hat300-2 0.49 300 25 21928 5.83 10.05 2.79 0.99 0.00035 

p_hat500-2 0.50 500 36 62946 228.11 267.10 - 428.80 0.00108 

p_hat700-1 0.25 700 11 60999 16.08 40.32 12.53 0.67 0.00176 

san200_0.7_2 0.70 200 18 13930 4.91 0.47 - 0.04 0.02400 

san200_0.9_1 0.90 200 70 17910 0.26 11.48 - 0.27 0.01309 

san200_0.9_2 0.90 200 60 17910 12.27 1052.00 - 4.28 0.01846 

Brock200_1 0.75 200 21 14834 172.19 805.20 - 54.29 0.01882 

Brock200_2 0.50 200 12 9876 1.90 3.83 1.58 0.05 0.01200 

Brock200_3 0.61 200 15 12048 7.96 38.50 - 0.44 0.01666 

Brock200_4 0.66 200 17 13089 26.00 92.95 4.16 0.98 0.01714 

MANN_a9 0.93 45 16 918 0.02 0.10 - 0.01 0.00000 

 

 A (Balas, 1996)-DEC alpha 300-400 AXP. 

 C (Wood, 1997)-Sun Sparcstation 10 
 B (Sewell, 1998)- 

 D (Ostergard, 2002)-500MHz PC, Linux Operating System 

 E (proposed method)-Linux Operating System, 500MHz. 
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DIMACS graphs whereas second column 

gives the density value and third column defines nodes. 

The fourth and fifth columns define the size of the 

clique and number of edges in the graph respectively. 

The next five columns give the computational times 

required for the five methods that are being considered. 

The times (seconds) given for the each method is a 

multiple of ten power five.  

 

The selected methods presented in Ostergard 

2002 show that the Ostergard method performs better at 

some instances such as the problems of type brock, 

keller and p_hat. This is due to some properties of the 

DIMACS graphs (Ostergard, 2002). But for some other 

instances such as type hamming and c-fat, the Balas, 

1996 and Sewell, 1998 algorithms perform better.  

 

 In Wood 1997, some instances of types c-fat, 

Johnson, san200 and MANN have hidden clique that 

is much larger than what could be expected. It shows 

that the algorithm is very sensitive for some 

instances. The purpose to show the column C is that 

there are some instances where the method does not 

result in expected time.  

 

Results of the proposed method are listed in 

final column of Table-1. Results for each DIMACS 

graphs are better as compared with the other four 

methods. For each graph the calculated time as 

compared to other methods is very low. The method is 

better for all the categories that are explained in Table-

1, i.e. c-fat, brock, johson, p_hat, san, hamming, mann 

and keller that can be seen from Table-1. Better results 

have been achieved using the proposed method for       

all the DIMACS graphs but it is always hard to state   

for any algorithm that it is better than the others 

(Rozycki, 2010).   

 

4.                                   CONCLUSION 

In this paper, the CLIQ method is modified in 

order to find the maximum weight clique. The weight 

can be assigned to vertexes and edges but the focus in 

this research is on the maximum edge weight clique 

problem (Fig-1). The method, when compared with 

some well-known existing methods performed better. 

All the comparison results are summarised in Table-1.  

However, the method performed well on DIMACS 

graphs but there are many other parameters in saying 

that the method is better than the other existing 

methods. It is therefore, can be concluded that the 

method is an efficient and finds the required maximum 

number of edge weight cliques in a small interval of 

time. The proposed method can also be applied on 

random graphs as well. 

 

The future work will be to consider the vertex 

colouring and vertex weight of the graphs when looking 

for the maximum weighted cliques.  
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