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Overview

In the last decades, the Malliavin calculus or stochastic calculus of variations has been used
intensively in various fields of probability theory as it provides a powerful tool to study the
regularity of random variables in a Gaussian realm. In particular Malliavin’s calculus has
been proved to be particularly efficient for studying solution to various stochastic equations
like stochastic differential equations (SDEs) or to stochastic partial differential equations
(SPDEs) used to model physical system. Recently, many attention has been given to a new
class of stochastic equations named Backward Stochastic Differential Equations (BSDEs)
which naturally intervene in Finance. In view of financial applications, it is mandatory to
provide robust numerical schemes to simulate the solution to a class of BSDEs which requires
more knowledge on the regularity of the solution to these equations which can be obtained
using the Malliavin calculus.

The goal of this workshop is to give the opportunity to the main European experts in SPDEs,
BSDEs and in Malliavin calculus to exchange on these topics.

Location

INSA de Toulouse, Département de Génie Mathématiques et Modélisation (room 13)
156 Avenue de Rangueil, 31400 Toulouse.

Subway: Faculté de pharmacie (line B).
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Timetable

Thursday, 5th March 2015 Friday, 6th March 2015

09:00–10:00 Laurent Denis
Dirichlet Forms Methods for Poisson

Point Measures and Lévy Processes

10:00–11:00 Vlad Bally Alexander Steinicke
Convergence and regularity of probability laws Malliavin derivative

by using an interpolation method the difference operator revisited

11:00–11:30 Coffee break Coffee break

11:30–12:30 François Delarue Thibaut Mastrolia
Forward-backward SDEs and the McKean-Vlasov On the regularity of solutions to BSDEs

type and PDEs on the space of probability measures.

12:30–14:00 Lunch

14:00–15:00 Eulalia Nualart
Noise excitability of the stochastic heat equation

15:00–16:00 Llúıs Quer-Sardanyons
SPDEs with fractional noise in space

with index H < 1/2

16:00–16:30 Coffee break

16:30–17:30 Stefano DeMarco
TBA

19:00 Conference dinner

Conference dinner

Les caves de la Maréchale, 3 rue Jules Chalande - 31000 Toulouse
Subway: Capitole (line A).
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Abstracts

Vlad Bally, Université Paris-Est Marne-la-Vallée

Convergence and regularity of probability laws by using an interpolation method

One of the outstanding applications of Malliavin calculus is the regularity criterion for the law
of a functional on the Wiener space. In this paper we give an alternative criterion of regularity
which is suited for functionals that are not differentiable in Malliavin sense - typically solutions
to stochastic equations with coefficients having low regularity. Our criterion is stated in an
abstract framework and can be merged into the theory of interpolation spaces. It appears
as a step further in the approach initiated by Fournier and Printems. Joint work with Lucia
Caramellino.

François Delarue, Université Nice-Sophia Antipolis

Forward-backward SDEs and the McKean-Vlasov type and PDEs on the space of probability
measures.

Motivated by applications to the theory of mean-field games, we here investigate forward-
backward systems of the McKean-Vlasov type. We show that the decoupling field of such a
system is to be the solution of some PDEs set on the space of probability measures. Such
a PDE is called ”master equation” in the theory of mean-field games. It characterizes Nash
equilibria among infinite systems of players interacting with one another in a mean-field way.

Stefano DeMarco, Ecole polytechnique

TBA

Laurent Denis, Université du Maine

Dirichlet Forms Methods for Poisson Point Measures and Lévy Processes

We present an approach to absolute continuity and regularity of laws of Poisson functionals
based on the framework of local Dirichlet forms. The method mainly uses the chaos decompo-
sition of the Poisson L2 space which extends naturally to a chaos decomposition of the domain
of the candidate closed form and gives rise to a new explicit calculus : it consists in adding
a particle and taking it back after computing the gradient. This method that we call the lent
particle method permits to develop a Malliavin calculus on the Poisson space and to obtain in
a simple way existence of density and regularity of laws of Poisson functionals. This talk is
devoted to the practice of the method first on some simple examples and then on more sophis-
ticated ones.

↪→ This talk is based on several joint works with N. Bouleau and is the subject of a book
soon to be released.

Llúıs Quer-Sardanyons, Universitat Autònoma de Barcelona

SPDEs with fractional noise in space with index H < 1/2

In this talk, we consider the stochastic wave and heat equations on R with non-vanishing
initial conditions, driven by a Gaussian noise which is white in time and behaves in space like
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a fractional Brownian motion of index H, with H ∈ (1
4
, 1
2
). We assume that the diffusion

coefficient is given by an affine function σ(x) = ax + b, and the initial value functions are
bounded and Hölder continuous of order H. We prove the existence and uniqueness of the mild
solution for both equations by means of a Picard iteration scheme. We show that the solution
is L2(Ω)-continuous and its p-th moments are uniformly bounded, for any p ≥ 2. The type of
noise considered here does not fall in the framework of Dalang’s theory of stochastic partial
differential equations. Instead, the stochastic integrals arising in the corresponding mild forms
are understood as integrals with respect to stationary random distributions. In this sense,
a new criterion for integrability has been stablished thanks to some techniques of harmonic
analysis.

The talk is based on joint work with Raluca Balan (University of Ottawa) and Maria Jolis
(Universitat Autònoma de Barcelona).

Eulalia Nualart, Universitat Pompeu Fabra

Noise excitability of the stochastic heat equation

We study the behaviour of the moments and the Lyapunov exponent of the stochastic heat
equation with Dirichlet boundary conditions depending on the amount of noise. Joint work
with Mohammud Foondun.

Alexander Steinicke, Innsbruck

Malliavin derivative - the difference operator revisited

Let X = (Xt)t≥0 be a pure-jump Lévy process on a probability space (Ω,F ,P), where F is
the completed σ-algebra generated by X and let ν denotes the Lévy measure of X. With
this underlying space, we consider the Malliavin derivative D defined by means of the chaos
decomposition, see for example [1]. Assume an F -measurable random variable Y , represented
by the functional g, which maps measurably from the space of càdlàg functions to R, such that

Y = g(X) = g
(
(Xt)t≥0

)
, P-a.s..

If Y is differentiable in the sense of the Malliavin derivative in this setting, then DY may be
expressed by the difference

Dt,xY = g(X + x1[t,∞[)− g(X), P⊗ λ⊗ ν-a.e..

Moreover, let now Y depend measurably on an additional real parameter, u, defining a mea-
surable process Y (u, ω). In this talk, we discuss conservation properties of D, with respect
to differentiability, (Lipschitz-)continuity, boundedness, etc. concerning the parameter u when
going from Y (u) to DY (u). Investigations in this direction are useful when studying Malliavin
differentiability of SDEs and BSDEs, driven by X, with random coefficients.

[1] J. Solé, F. Utzet, J. Vives, Chaos expansion and Malliavin calculus for Lévy processes,
Stochastic Processes and their Applications 117 (2007), pp. 165-187.
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Thibaut Mastrolia, Université Paris Dauphine

On the regularity of solutions to BSDEs

We investigate existence and smoothness of densities for the solution of Backward Stochastic
Differential Equations. This question has been very few studied in the literature and the existing
results mainly focus on the Y component. Our approach relies on the Malliavin calculus and
requires both Y and Z to be Malliavin differentiable. Incidentally, this question lead us to
find a new characterization of Malliavin-Sobolev spaces. This talk is based on two works joint
with Dylan Possamäı and Anthony Réveillac and one work joint with Peter Imkeller, Dylan
Possamäı and Anthony Réveillac.
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