
Postdoctoral position in applied mathematics:

Kernel-based Sensitivity Analysis for Hypoelliptic Systems.

Clémentine Prieur∗ and Pierre Etoré†

Job environnements The postdoctoral position will start in Fall 2022 at the Université Grenoble
Alpes in the Inria-AIRSEA team1located in Grenoble (France). This work is part of the activities of
the french research group MASCOT NUM2. The candidate will benefit from the scientific environment
of the Jean Kuntzmann Laboratory3. She/he will also benefit from the GRICAD4 supercomputing
infrastructure.

Project description Many mathematical models involve input parameters, which are not precisely
known. Global sensitivity analysis aims at identifying the parameters whose uncertainty has the
largest impact on the variability of a Quantity of Interest (QoI). In this project we consider models
described by Stochastic Differential Equations (SDE), whose coefficients depend on some uncertain
parameter ξ = (ξ1, . . . , ξn) ∈ Ξ. More precisely, we consider parametrized SDE of the form

dXt = σ(ξ,Xt)dWt + b(ξ,Xt)dt. (1)

In a preliminary work [2], we were interested in QoIs which are averaged quantities with respect to
the Brownian motion W . E.g., we considered the averaged exit time starting from x ∈ D a bounded
open subset of Rd, defined as U(x, ξ) = Ex[τD | ξ] with τD = inf{t ≥ 0 : Xt /∈ D}. Through some
Feynman-Kac formula (see, e.g., [5]) the QoI U(x, ξ) may be seen as the solution of some parametrized
Partial Differential Equation (PDE). Numerical methods for solving parametrized PDEs exist and
involve a stochastic Galerkin projection (see, e.g., [7], [8]). They can be used to compute sensitivity
indices such as variance based Sobol’ indices.

The aim of this postdoctoral position is to consider QoIs which are probability measures. More
specifically, we are interested in systems described by (1) for which a stationary probability measure
exists. In particular, we will focus on hypoelliptic systems encountered in different fields of application.
Assumptions garanting the existence and unicity of an invariant probability measure and the ergod-
icity of the system are discussed, e.g., in [9]. The density of the invariant measure then satisfies some
(hypoelliptic) parametrized PDE, the so-called stationary Fokker-Planck equation. Parametrized hy-
poelliptic PDEs are difficult to handle, both theoretically and numerically. Especially it seems that
the numerical study of such PDEs has started only recently (see, e.g., [4]). Thus a first objective is to
propose and analyze a numerical scheme to solve hypoelliptic parametrized stationary Fokker-Planck
equations. Then the second objective is to analyze the sensitivity of the QoI, defined as the stationary
probability measure, with respect to uncertain parameters ξi, i = 1, . . . , n. The topic of sensitivity
analysis for stochastic models is in full expansion (see, e.g., [3] or [1]). Estimation procedures of
kernel-based sensitivity indices involve the use and the development of recent machine learning and
artificial intelligence tools (random forests, kernel embedding for the computation of Maximum Mean
Discrepancy...)

Among interesting hypoelliptic systems is the celebrated FitzHugh-Nagumo model used in neu-
rosciences (see [6] and the references therein for an introduction). In this neuroscience context one
QoI is the ”spike rate” of a neuron, and it can be written with the help of the invariant probability
measure of the FitzHugh-Nagumo system as noticed in [6]. Although we aim to develop a generic ap-
proach for sensitivity analysis of models described by hypoelliptic stochastic systems, we will have the
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opportunity to test it in the framework of a collaboration with researchers in Grenoble involved in a
better understanding of neuronal activity, and more precisely in the understanding of key parameters
in the spike rate of a neuron.

Candidate profile This postdoctoral project is at the crossroad between numerical analysis, prob-
ability, statistics and machine learning. Candidates must have good knowledge for at least one of
these domains and the motivation to quickly acquire the missing complementary skills. This research
work will involve both theoretical developments and practical implementations. Candidates should
have demonstrable experience and skill in some of the following topics : scientific creativity, autonomy,
writing abilities, oral communication skills (English and/or French), and taste for teamwork.

How to apply The candidates should send a CV, statement of interest and letters of recom-
mendation to Clémentine Prieur (clementine.prieur@univ-grenoble-alpes.fr) and Pierre Etoré
(pierre.etore@univ-grenoble-alpes.fr).
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[1] Sébastien Da Veiga. Kernel-based ANOVA decomposition and Shapley effects - Application to
global sensitivity analysis. working paper or preprint, January 2021.
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