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Context

The aim of this topic is to propose new solution methods for integer quadratic optimization. These
problems can be found in many application domains [5], such as energy, finance, logistics, networks,
image processing and computer vision.

These problems are generally NP-hard and solving them exactly, or even obtaining good relax-
ations, remains a challenge today, especially for instances of realistic size. Unlike integer linear opti-
mization, there is currently no generic solver that can efficiently solve these problems.

Our aim here is to study the structural properties of these problems and solve them using combi-
natorial optimization techniques.

Study of structural properties by using decomposition methods and poly-
hedral approaches

There exist various decompositions in the scientific literature adapted to particular cases of the in-
teger quadratic problems that will be considered in this subject, such as, for example, the Danzig-Wolfe
decomposition, the Benders decomposition, the Lagrangian decomposition, the clique decomposition,
the simplicial decomposition, .... As a first step, we would like to consider the generalization of the
BQP (Boolean Quadric Polytope) decomposition recently proposed in [I] to the case where variables
are no longer binary, but rather integer in general [3]. A study of the structure of the polyhedra as-
sociated with this decomposition will be envisaged in order to attempt to establish theoretical results
on the quality of the relaxation, and then to reinforce the quality of the bounds obtained via the
generation of reinforcement inequalities.

Implementation of the techniques

These resolution methods will be implemented so as to obtain information on the quality of the
bounds obtained. A study of heuristic techniques for obtaining feasible solutions will also be con-
sidered. All these approaches will then be integrated into a Branch & Cut & Price-type scheme to
provide optimal integer solutions and be compared with existing methods for solving these integer
quadratic problems |2, 4]. When solving the subproblems arising from the decompositions, the use of
generic commercial solvers, such as Cplex or Gurobi, will be favored in order to preserve the generic
aspect of the proposed approach.

The implementation will be carried out in Julia, in order to make the code available to the scientific
community.
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