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General context

With the emergence of renewable energies (as wind or solar generation), lo-
cal generation systems are rapidly multiplying integrating renewables, batteries
or more conventional plants (such as gas turbines or hydro plants). The impact
of random factors (such as demand, energy prices, wind, luminosity etc.) on
the management of such local generation systems are significant. Hence, an im-
portant issue is to be able to manage efficiently such microgrids in presence of
uncertainties. Mathematically, the related optimization problem can be stated
in terms of a stochastic control problem which can be reduced to a nonlin-
ear Partial Differential Equation (PDE), known as Hamilton-Jacobi-Bellman
(HJB) equation. One celebrated approach is based on backward stochastic
differential equations (BSDEs). The thesis will focus on recent forward nu-
merical schemes based on generalized Fokker-Planck representations for non-
linear PDEs in high space dimension. In the specific case of mass conservative
PDEs, it is well-known that the solution can be probabilistically represented
as the marginal densities of a Markov diffusion nonlinear in the sense of Mck-
ean. Then one can design forward interacting particle schemes to approximate
numerically the PDEs solution. The research will elaborate some extensions
of this kind of representation and interacting particle scheme associated to a
large class of PDEs including the case when they are non-conservative, non
integrable with various kind of nonlinearities. The comparison with BSDEs
approach will also be a significant task to perform.

Methods

The research related to this project will follow four main axes.

1. Theoretical developments through the statement of mathematical theo-
rems or propositions.

2. Algorithmic developments with mathematical analysis of speed of con-
vergence and numerical complexity.

3. Computer simulations related to the algorithms: numerical experiences
on stylized examples will help to validate the practical interest.

4. Comparison with the representations of semilinear PDEs via BSDEs
(Backward Stochastic Differential Equations), classical or of second-order
type.

The first step for the student will consist in getting familiar with the existing
literature by the advisor team, basically [3, 5, 4, 2] and more generally the
quoted articles. Later, the project will consist in the elaboration of three
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scientific articles to be published in recognized scientific journals. The related
topics will be the following.

1. Extension of the approach proposed by [4] for semilinear PDEs where
the underlying process is a classical diffusion Y to the case where Y is a
stochastic process, non-linear in the McKean sense.

2. Extension of the approach proposed by [3, 5] to the case of PDEs admit-
ting solutions which are non-positive and non-integrable.

3. Formalization and mathematical analysis of a PDE representation, specif-
ically suited to stochastic control problems making use of time reversal
techniques.
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