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ABSTRACT

The edge clique covering (EcC) problem deals with discover-
ing a set of (possibly overlapping) cliques in a given network,
such that each edge is part of at least one of these cliques.
We address the EcC problem from an alternative perspective
reconsidering the quality of the cliques found, and propos-
ing more structured criteria with respect to the traditional
measures such as minimum number of cliques. In the case of
real-world networks, having millions of nodes, such as social
networks, the possibility of getting a result is constrained to
the running time, which should be linear or almost linear
in the size of the network. Our algorithm for finding ECCs
of large networks has linear-time performance in practice, as
our experiments show on real-world networks whose number
of nodes ranges from thousands to several millions.

CCS Concepts

eTheory of computation — Design and analysis of
algorithms; Graph algorithms analysis;

Keywords
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1. INTRODUCTION

The usage of cliques and similar dense subgraphs such as
N-cliques, N-clans, K-plexes, K-cores, F-groups, in social
network analysis is now consolidated and many methods ex-
ist to discover them under several contexts [21]. A clique is
a subset of the nodes in a network such that every two nodes
are connected. Among the variations of clique discovering,
the edge clique covering (ECC) problem deals with finding a
set of (possibly overlapping) cliques in a given network, such
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that each edge of the network is part of at least one of these
cliques.

In this paper, we propose new algorithmic tools for ECcc
that are potentially useful for social network analysis and,
at the same time, are very easy to implement. Our tools can
quickly process graphs of massive size to find their ECC in
practically linear time and use heuristics for attacking the
ECG problem, which was born in a different context [14] and
is hard to solve exactly.

Previous work. In the literature, problems related to Ecc
have been independently addressed in the mid 70’s in so-
cial network analysis [3, 19]. From a computational point of
view, its vertex clique covering version, where the cliques are
disjoint and the vertices are to be covered, is one of Karp’s
original problems shown to be NP-complete in his famous
1972 paper. The ECC appeared with different terminology
such as keyword conflict [14], covering by cliques, intersec-
tion graph basis, or clique partition [11], as discussed in [6].
The latter reports that the problem of finding the ECC hav-
ing the minimum’® number of cliques is NP-hard [18], even
for planar graphs [4]. The parameterized exact algorithms
at the state of the art [13] are probably optimal [6). Al-
though they can be applied to social network analysis, they
do not scale to large networks.

Some heuristic algorithms for cliques work surprisingly well
for large real-world networks (e.g. [1, 2, 5, 8, 20]), as even
approximation algorithms with some guarantee are too ex-
pensive. Indeed, due to the massive size of available real-
world large networks, it is convenient to consider algorithms
or heuristics taking (almost) linear time in the size of the
network. Some papers try to achieve this goal for ECC.

The state of the art in this direction is Gramm et al. [12],
which gives an efficient implementation of the original Keller-
man heuristic [14], with the post-processing step of Kou et
al. [15). However, their bounds are not linear. For a net-
work with n vertices and m edges, the original results by
Kellerman finds a clique covering in O(nm?) time. The post-
processing of Kou et al. requires at least Q(nm) time in the
worst case. Gramm et al. show how to obtain the same
heuristic solution in total O(nm) time, using O(n?) cells of
mMemory as space.

'Finding an arbitrary ECC is easy, for example the trivial
one made up of just the individual edges.


















