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An Efficient Parallel Algorithm for Maximal Clique Enumeration in a Large Graph
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Abstract A maximal clique is perhaps the most fundamental dense substructure in a graph.
Maximal clique enumeration is an important tool to discover densely connected sub graphs, with
numerous applications on web graphs, social networks, and biological networks. Existing methods
for finding all maximal cliques in a large graph based on distributed computing environment are,
in our opinion, not quite efficient. We propose a better method using a multi-color partition
algorithm to decompose large graph into lots of overlap sub graphs for finding all cliques in parallel.
In the full paper, we explain our enumerating all maximal cliques method in detail. In this
abstract, we just add some pertinent remarks to list the four topics of explanation. The first topic
is: we use the heuristics in order to decrease the vertex search space. In this topic, we discuss the
two proposes of the algorithm: using vertex order to remove non-maximal cliques and duplicates,
parallel policy to fit in distributed computing environment. The second topic is: we propose
multiple color method to divide the vertexes of graph into two sets, which are related vertexes set
and irrelevant vertex set. The two sets stained by full colors and semi colors respectively. Full
colored vertex and its adjacent vertexes compose an overlap sub graph. On the other hand, semi
colored vertexes is used to assure no lost of cliques. The third topic is a problem of the minimum
full colors set. We first designed an approximation algorithm. Next we proved that this problem

is NP complete. Then we proved this algorithm have an 2 approximation algorithm for polynomial
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time. The fourth topic is: a parallel algorithm for enumerating all maximal cliques based on full
colors set is proposed. In this topic, we use full colored vertexes and its related semi colored
vertexes to split input graph to overlapped sub graphs. The full colored vertex acts as a pivot to
enumerate maximal cliques over an overlap sub graph in parallel. Finally, we do experiments to
appraise our method. Experimental evaluation on real datasets from various domains show that
the response time of our method based on multi-color algorithm is more efficient comparing with
the existing methods. The experiments on cluster of PCs also show that the algorithm can
effectively process a variety of large real-world graphs with millions of vertices and the scalability

of the multi-color partition algorithm is very well.
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PLESTE MR IA T 175 5K 5 76 A4S b 047 4% K P 1 A 4k
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Background

Perhaps the most elementary dense substructure in a
graph, also probably the most commonly used, is a maximal

clique. Enumerating all maximal cliques in a graph is known
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as the maximal clique enumeration problem (MCE). MCE is
a fundamental problem in graph analysis. and has been used

widely, for instance, in clustering and community detection
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in social and biological networks, in the study of the co-
expression of genes under stress, in integrating different
types of genome mapping data, and other applications in
bioinformatics and data mining.

In processing a large graph, it is natural to try breaking
up the graph into subgraphs and process the subgraphs by
parallel tasks. This approach presents some challenges. First,
it is necessary to avoid overlap among different coordinating
tasks. The difficulty is that almost every method of dividing
a graph for parallel processing for MCE, subgraphs assigned
to different tasks will overlap. However, the algorithm
should be careful in not to repeat the same work among
different tasks, at the same time enumerate all maximal
cliques. The second challenge is that the scalability for big
graph. Many recent work’s strategy is enumerating a set of
cliques that are not necessarily maximal, then followed by a
post processing step that removes non-maximal cliques and
duplicates cliques. Some research is based on the Apriori-like

concepts. It takes advantage of the fact that every clique of

size k, where k=2, is comprised of two cliques of size £—1
that share # — 2 vertices. However, the exponentially
increasing time for the computation confines the scale of the
graph.

We propose multiple color method to divide the vertexes of
graph into two sets which are related vertex set and irrelevant
vertex set. The two sets stained by full colors and semi colors
respectively. Full colored vertex and its adjacent vertexes
compose an overlap subgraph. We proved that this problem
of the minimum full colors set is NP complete and have an 2
approximation algorithm for polynomial time. Based on related
vertex set, we decompose large graph into lots of overlap
subgraphs for finding all cliques in parallel. First it outputs
only contain maximal cliques without duplicates cliques, and
does not need an additional post processing step. Second it
reduces the process of finding non-maximal cliques.
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