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Abstracts
Lecture 1: Modern materials science: modeling, mathematical theory and computational
approaches
Monday, June 2, 1.15-2.15 pm
Lecture hall E3, Osquars backe 14
The talk, intended for a general audience, will survey some challenging problems, in terms of
modeling, theory or computation, in contemporary materials science. A selection of such problems will
be presented, each one being both timely and, in a sense, prototypical. Questions such as the coupling
of a different descriptions of matter at the atomistic and at the continuum scales, the passage from the
microscale to the macroscale, the insertion of uncertainties and heterogeneities in the models, etc, will
be examined. We will discuss the interesting issues raised for mathematical analysis (theory of partial
differential equations, stochastic processes, homogenization theory) and for numerical analysis (finite
element methods, discrete to continuum, Monte Carlo methods, etc).
Coffee is served between 12.45 and 1.15 outside the lecture hall.
Lecture 2: Making stochastic homogenization practical
Tuesday, June 3, 1.15-2.15 pm
Lecture hall E3, Osquars backe 14
Stochastic homogenization is a well developed theory, where several important theoretical issues
remain open. On the practical level, its implementation, as a computational approach to approximate
problems with heterogeneities at different scales, can however be enormously expensive. This clearly
limits the applicability of the theory to real world problems. Dedicated methods are thus necessary, in
order to reduce the computational cost. These methods in turn require new theoretical developments.
We will overview recent progress in this direction. Approaches that consider small random
perturbations of classical multiscale problems will be introduced, studied and tested, as an efficient
compromise between fully random problems and idealistic deterministic problems. On the other hand,
for problems where randomness cannot be considered small and where variance plays a crucial
practical role, several variance reduction methods will be addressed. Their efficiency will be assessed
on some illustrative multiscale random problems.
Lecture 3: How to deal with nonperiodicity in multiscale problems? Toward a theory of
defects.
Wednesday, June 4, 10.15-11.15 am
Lecture hall D3, Lindstedtsvägen 5
We will present some recent mathematical and numerical contributions related to nonperiodic
multiscale problems. A typical, simple setting is that of a scalar elliptic equation with an highly
oscillatory coefficient. The difficulty is that this coefficient is not assumed periodic. It models a
structure with a set of embedded localized defects, or a structure that, although not periodic, enjoys
nice geometrical features. The purpose is then to construct theoretical settings, and next numerical
approaches providing an efficient and accurate approximation of the solution in several possible cases

of practical interest. The questions raised ranged from the theory of elliptic PDEs, Calderon-Zygmund
operators, homogenization theory, to more numerical issues related to finite element methods.

These three lectures are based on a series of joint works with Xavier Blanc (Paris 7), Pierre Louis
Lions (College de France), Frederic Legoll (Ecole des Ponts) and several other collaborators.
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