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Abstract: The objective of this course is to present an asymptotic method to study non-local reaction-
diffusion equations from evolutionary biology. This asymptotic analysis leads to a class of Hamilton-Jacobi
equations with constraint.

The mathematical modeling of the dynamics of phenotypically structured populations under the effect of
natural selection and mutations leads to parabolic integro-differential equations. In the limit of small dif-
fusion (mutation) and in long time, the solutions to such equations concentrate as a sum of Dirac masses
corresponding to dominant traits. We will present an approach based on Hamilton-Jacobi equations, that
has been developed during the last decade, to study such concentration phenomena.

The first part of this course will be based on the derivation of a class of Hamilton-Jacobi equations with con-
straint from non-local reaction-diffusion equations modeling selection and mutation. In the second part of
the course we will focus on the properties of the solutions to these Hamilton-Jacobi equations. In particular,
we will show via some examples how this approach can lead to quantitative results in biological applications.
To perform such analysis, we will learn about techniques to obtain regularity estimates for the solutions to
the reaction-diffusion equations under study. These estimates allow us to perform an asymptotic analysis of
such equations. We will also introduce the notion of viscosity solutions for Hamilton-Jacobi equations and
we will learn some basic properties of such weak solutions.

Keywords: Non-local reaction-diffusion equations, Hamilton-Jacobi equations, Asymptotic analysis, Max-
imum principle, Viscosity solutions, Regularity estimates

Prerequisites: We strongly recommend the students to take the course: Elliptic PDEs and evolution prob-
lems.
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