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Doctorant F/H Approximation methods for the
soundness of control laws derived by machine
learning

Type de contrat:CDD
Niveau de diplome exigé :Bac + 5 ou équivalent

Fonction :Doctorant

A propos du centre ou de la direction fonctionnelle

The Inria Rennes - Bretagne Atlantique Centre is one of Inria's eight centres and has more than thirty
research teams. The Inria Center is a major and recognized player in the field of digital sciences. It is at
the heart of a rich R&D and innovation ecosystem: highly innovative PMEs, large industrial groups,
competitiveness clusters, research and higher education players, laboratories of excellence, technological
research institute, etc.

Contexte et atouts du poste

The design of controllers for large cyber physical systems (CPS, i.e. systems driven both by physical
equations and digital controllers) is challenged today by machine learning approaches, and specifically
reinforcement learning. The latter however still fail to provide guarantees on the behavior of the
controllers it provides. The objective of this thesis is to explore a range of techniques that would make
control design for CPS or any other large-scale complex system sound and scalable. The focus will be on
quantitative methods, that provide performance guarantees, for example PAC bounds (probably
approximately correct).

Several research directions are envisioned. The main one concerns model approximation. For a given
dynamic system with discrete state, like a stochastic automaton, this may mean reducing the size of the
state space while preserving as much as possible the distribution over generated runs, which requires
computing or estimating distances between models. Starting from a CPS with continuous state variables,
this means finding the best discretization with bounded state size. One may as well take as starting point
a (possibly infinite) collection of representative runs of that system, or a black box trace generator, and
be interested in learning a model from these traces (system identification) in order to capture the most
characteristic features of their dynamics. For all these directions, one will be interested both in
designing approximation algorithms, in characterizing their convergence properties, and in providing
bounds for their accuracy.

A second research direction concerns approximation techniques in view of control design. There, the
model (a Markov Decision Process for example) comes as the support to design an efficient control
policy, toward some quantitative objective. Optimal control laws generally derive from iterative methods
that do not scale up with model dimension, in particular if the latter come from discretization of
continuous variables. The objective will be to explore various approximation techniques that would
improve scalability, convergence speeds and provide both performance bounds and readability of the
control laws. Model approximations are one possible way, but also controller regularization (for example
through state aggregation), or approximations in the iterative procedure that yield optimal laws, or even
control objective relaxations.

As a possible use-case for the above techniques, we aim at designing distributed controllers for large CPS,
for example a fleet of trains on a subway line. The objective will be both to design multi-agent control
strategies, to estimate their performances and to verify safety properties like maintaining minimal

headways. Applications to other complex mechanical devices are also envisioned, like those of the
OpenAi Gym.

Mission confiée

This PhD will take place in the SUMO Team at INRIA Rennes (Brittany, France), under the joint
supervision of Loic Hélouét and Eric Fabre. Funding is secured for this PhD, as a 3 years contract. This
research will be connected to the Maveriq ANR project.

Principales activités

The activities during this PhD wil consists in:

« bibliographical work,
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« algorithms design and proofs,

o paper writing,

« meetings with the supervisors and with the members of the MAVERIQ ANR
« attending conferences

Compétences

The candidate should be fluent in english (written, read spoken).

It is not necessary to speak french to apply.

Avantages

« Subsidized meals

« Partial reimbursement of public transport costs

« Possibility of teleworking (90 days per year) and flexible organization of working hours
« partial payment of insurance costs

Rémunération

monthly gross salary amounting to 1982 euros for the first and second years and 2085 euros for the third
year

Informations générales

Théme/Domaine : Preuves et vérification

Ville: Rennes

Centre Inria:Centre Inria de ['Université de Rennes
Date de prise de fonction souhaitée :2022-09-01
Durée de contrat:3 ans

Date limite pour postuler:2022-09-30

Contacts

« Equipe Inria:SUMOQ
o Directeur de thése:

Helouet Loic / loic.helouet@inria.fr
A propos d'Inria

Inria est l'institut national de recherche dédié aux sciences et technologies du numérique. Il emploie
2600 personnes. Ses 215 équipes-projets agiles, en général communes avec des partenaires
académiques, impliquent plus de 3900 scientifiques pour relever les défis du numérique, souvent a
linterface d’autres disciplines. L'institut fait appel a de nombreux talents dans plus d’'une quarantaine de
métiers différents. 900 personnels d'appui a la recherche et a l'innovation contribuent a faire émerger et
grandir des projets scientifiques ou entrepreneuriaux qui impactent le monde. Inria travaille avec de
nombreuses entreprises et a accompagné la création de plus de 200 start-up. L'institut s'efforce ainsi de
répondre aux enjeux de la transformation numérique de la science, de la société et de l'économie.

L'essentiel pour réussir

Candidates for this PhD should have a strong interest in formal methods. Former experience in
probabilistic or quantitative model checking, or in learning techniques will be appreciated.

To get familiar with the research topic, candidates are invited to look at the SUMO team's website
(http://www.irisa.fr/sumo/) and to look at the following bibliography:

Bibliography:

o “A canonical form for weighted automata and applications to approximate minimization,” Balle,
Panangaden, Precup, LICS 2015

» “Adaptive state space partitioning for reinforcement learning,” Lee, Lau, Engineering Applications
of Artificial Intelligence, 2004

« "Reinforcement learning with soft state aggregation,” Singh, Jaakkola, Jordan, NeurIPS 1994

« "On Satisficing in Quantitative Games,” Bansal, Chatterjee, Vardy, TACAS 2021

o "On Time with Minimal Expected Cost !” David, Jensen, Larsen et al,, ATVA 2014


http://www.inria.fr/centre/rennes
https://www.inria.fr/equipes/SUMO
mailto:loic.helouet@inria.fr
http://www.irisa.fr/sumo/

Attention: Les candidatures doivent étre déposées en ligne sur le site Inria. Le traitement des
candidatures adressées par d'autres canaux n'est pas garanti.

Consignes pour postuler

Please submit online : your resume, cover letter and letters of recommendation eventually

For more information, please contactloic.helouet@inria.fr

Sécurité défense:

Ce poste est susceptible d'étre affecté dans une zone a régime restrictif (ZRR), telle que définie dans le
décret n°2011-1425 relatif a la protection du potentiel scientifique et technique de la nation (PPST).
L'autorisation d'accés a une zone est délivrée par le chef d’établissement, aprés avis ministériel favorable,
tel que défini dans l'arrété du 03 juillet 2012, relatif a la PPST. Un avis ministériel défavorable pour un
poste affecté dans une ZRR aurait pour conséquence 'annulation du recrutement.

Politique de recrutement:
Dans le cadre de sa politique diversité, tous les postes Inria sont accessibles aux personnes en situation
de handicap.
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