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Context: The production of large graphs has been boosted by internet applications (web, social

networks) as well as technical (communication networks, power networks) and scientific applications
(statistical physics, biology). Although graphs are typically depicted by nice drawings, it quickly
becomes a jumble of wires when their size increases. Helping to understand the information content of
such graphs is an important challenge that cannot be addressed purely by smart visualization methods
using different layouts.
We will focus on graphs issued from observation data in experimental sciences. In this domain, graphs
(also called networks) are a way to integrate various sources of data and the role of compression is to
help scientists facing this type of data to extract from them new knowledge. This general goal can take a
number of forms: to simplify visualization, to show the global graph structure, to find general
association rules, or simply to look for better efficiency for other analysis tasks (e.g. pattern matching).
Objective: The thesis will study ways to summarize a graph that preserves its path structure in the

context of experimental sciences, and more particularly in biology. At a high level, the central issue of
graph compression may be viewed as a clustering issue. Preserving the global structure of the graph may
be achieved by keeping the graph representation and replacing nodes by more abstract nodes
corresponding to node subsets. Two abstract nodes are linked by an abstract edge if all their elements
are linked by an edge. This corresponds to a subgraph called biclique. Clusters of nodes are typically
nodes that share common edges and common properties [1].
Lossless graph compression assumes that all edges are preserved and this raises the problem of covering
a graph with a subset of its bicliques. The simplest idea is to look for a node partition, i.e. a set of
mutually disjoint edge subsets. This condition is too strict in practice and people generally look for
biclique partitions, i.e. sets of bicliques that are mutually edge-disjoint. This problem is known to be NPcomplete, even if restricted to bipartite graphs, but fixed-parameter tractable [2]. The paper [3] proposes
a bioinformatics tool (Power Graph Analysis) which outputs a biclique partition of a graph such that
node subsets form a hierarchy, using a greedy algorithm. It has been applied with success on protein
interaction networks [4], drug-target-disease network [5] and gene regulatory networks [6]. It will be the
starting point of the thesis. A number of questions have still to be addressed, for instance:
 Among all bicliques, maximal ones (also called concepts) form an interesting subset that is the
subject of formal concept analysis (FCA). A nice theoretical framework exists for describing them
within a lattice structure [7]. How to generate the graph cover using only concepts and a simple
algebra for combining them ? Is it possible to solve this covering problem as a search in the concept
lattice ?
 Most of existing methods use a greedy search algorithm that is looking for a local optimum in
terms of a minimum number of bicliques used. Covering is a purely combinatorial problem for

which constraint-based methods seem more adapted since it allows a search in a larger hypothesis
space and lead to better solutions. We propose to express this problem in the framework of ASP
(Answer Set Programming) ASP offers a high level language that represents a problem specification
as a set of simple logic constraints[8]. Once the problem has been correctly represented, a solver is in
charge of the resolution so that it is not necessary to describe how to solve the problem.
 Instead of looking for node similarity, it is possible to search for subgraph similarity. Each
abstract node becomes a subgraph that can itself be compressed. The search of interesting subgraphs
is the subject of graph mining techniques [9] and it will provide a basis to achieve better compression
rate on biological graphs.
Environment: The thesis is proposed in a bioinformatics team, Dyliss, which is concerned by modeling
issues of complex molecular mechanisms in living cells using qualitative formalizations. Through
multiple collaborations with biological labs, it has access to various networks (protein-protein
interaction network, regulation networks, signaling networks… ) that will be used to test concepts and
tools developed during the thesis. There exists a resource center, Genouest, giving access to biological
databases and bioinformatics software, and offering cluster and cloud computing facilities. The work
includes a collaboration with a German Computer Science team in Potsdam that has designed one of the
best ASP solver to date.
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