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Summary Many numerical simulations in quantum (bilinear) control use monotonically convergent algorithms (introduced by V.
Krotov, D. Tannor, W. Zhu and H. Rabitz). Yet, few mathematical analysis was available concerning these procedures.
We propose in this thesis a relevant monotonic time discretization of these algorithms and apply it to the control of
a quantum particle between two potential wells and to the control of molecular orientation and alignment. In order
to accelerate the computation, we also couple the monotonic schemes with a relevant parallel procedure, following
concepts developed with the parareal scheme (introduced by Y. Maday, J-L. Lions, G. Turinici), which enable us to
divide the time of computation by 10. Finally, we study the convergence of these algorithms from a theoretical point
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Summary The first part of this text concerns optimization algorithms. The first chapter is in the field of optimal control, throught
a class of method usually called monotonic algorithms. The results deal with their time discretization, interpretation
and convergence properties. In the second chapter, three algorithms related to optimal transport are described: a
method to compute optimal transport plans in the case of the circle and convex costs, an scheme dealing with concave
costs in dimension one and a fast procedure to tackle a simplified transport problem in higher dimension. The second
part describes various methods to accelerate the resolution of partial differential equations. The acceleration is based
on time parallelization in the case of optimal control problems (first chapter), on a particular formulation in simulation
of elasto-dynamic models (second chapter) and on precomputations in the cases of the Schrodinger equation and of
variational inequalities (third chapter).
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Oberseminar Wissenschaftliches Rechnen.

”Some numerical methods for Time-dependent Quantum optimal control”.
Seminar Department Chemie

”Algorithms for optimal transport in dimension 1 ™.

Oberseminar Wissenschaftliches Rechnen.

”Quelques algorithmes pour le transport optimal”.

Séminaire du dept. de Math. de I’Antenne de Bretagne.
”Quelques algorithmes pour le transport optimal .

Séminaire du laboratoire Jacques-Louis Lions.

”Quelques méthodes numériques pour le contrdle bilinéaire”.
Séminaire Equations aux dérivées partielles.

”Controle et optimisation en chimie quantique”.

Séminaire du Groupe de travail Théorie et Analyse des Systemes..
”Mouvements de foules et controle de 1’équation de Fokker-Planck”.
Séminaire du Lab. LAMA.

”Schémas conservatifs pour la formulation Corotationnelle”.
Groupe de travail “Méthodes numériques”.

”Convergence de suites optimisantes pour le contrdle quantique”.
Groupe de travail “Calcul des variations”.

”Control and optimisation in quantum Control”.

Séminaire du Lab. LAMA.

”Controéle et optimisation en chimie quantique”.

Séminaire du dept. de Math. de I’Antenne de Bretagne.

”Suites optimisantes pour le contrdle quantique”.

Séminaire d’Analyse.

”Controle et optimisation en chimie quantique”.

Séminaire Analyse-Probabilités du CEREMADE .

”Controle et optimisation en chimie quantique”.

Groupe de Travail numérique.

”Mathematical aspects of quantum control”.

Seminar, Institut fiir Mathematik.

”Mathematical aspects of quantum control”.

Seminar, Mathematik Institut fiir Angewandte Analysis und Numerische Simulation.

”Control and optimisation in quantum Control”.

Séminaire du Lab. Acsiom. ) )
”Control of molecular orientation and alignment by monotonic schemes”.

Journées internes, Lab. J-L. Lions.

”Reduced basis for time-dependent Schrodinger equation”.
Séminaire du départment de chimie, Univ. Princeton.
“Introduction to science sociology”.

Groupe de Travail des Thésards, Lab. J-L. Lions.
Parareal and monotonic schemes in quantum control”.
Journées internes, Lab. J-L. Lions.

”Optimisation and quantum control”.

Groupe de Travail des Thésards, Lab. J-L. Lions.

Roscoff, 30.05-02.06.22

Roscoff, 02-04.07.19

”Simulation and Optimization for Renewable Marine Energy (EMRSim2022)”.
organized with M. Bossy, M. Parisot and A. Rousseau.
Webpage: https://emrsim2022.sciencesconf.org/

”Simulation and Optimization for Renewable Marine Energy (EMRSim2019)”.
organized with S. Aubrun, M. Parisot and G. Balarac.



Paris, 10-12.01.18

Paris, 10-12.09.13

Paris, 07-09.06.11

Mini-symposia Organization

Webpage: https://emrsim2019.sciencesconf.org/

”Simulation and Optimization for Renewable Marine Energy (EMRSim2018)”.
organized avec M. Parisot and S. Aubrun.
Webpage: https://emrsim2018.sciencesconf.org/

”Modeling and Control of Large Interacting Dynamical Systems”.

Organized with A. Borzi.

Webpage: http://www9.mathematik.uni-wuerzburg.de/ESF-InterDyn2013/
index.html

”Optimal Transport, algorithms and applications”.
Organized with G. Carlier and J. Delon.
Webpage: http://www.mccme.ru/~ansobol/otarie/parisl110607.html

St. John’s, 23-27.07.18

Longyearbyen, 6-10.02.17

Nice, 29.06-03.07.15

Paris, 8-10.06.15

Pekin, 10-14.08.15

Ph.D supervision

”Domain-decomposition methods for integral equation problems .
organized with G. Ciaramella and M. Gander.
25-th International Conference on Domain Decomposition Methods.

*24-th International Conference on Domain Decomposition Methods”.
Organized with G. Ciaramella and M. Gander.
24-th International Conference on Domain Decomposition Methods.

”New Results for Quantum Control Problems”.
Organized with A. Borzi and G. Ciaramella.
27th IFIP TC7 Conference 2015 on System Modeling and Optimization.

”Optimal Transport, algorithms and applications”.
Organized with I. Ben Tahar.
SIAM Conference on Control and Its Applications.

”Large perturbations in controlled quantum systems: theoretical and numerical approaches”.
ICIAM 2015.

04.2022-, Sorbonne Univer-
sité

09.2021-, Sorbonne Univer-
sité
09.2021-, Sorbonne Univer-
sité
09.2020-, Sorbonne Univer-

sité

09.2018-09.2021, Sorbonne
Université

Norbert Tognon.
Topic: Time parallelization for the numerical solving of optimality systems.

Lune Maillard.
Topic: Time parallelization for the numerical solving of optimality systems.
with Martino Trassinelli and Fabio Finocchi.

Lucas Perrin.
Topic: Acceleration alogrithms for data assimilation.

Mingus Leon.
Topic: Deep Neural Networks for transport modeling and simulation.
with Patrick Gallinari.

Liudi Lu.

Topic:  Lagrangian Approaches for Modelling and Optimization of Hydrodynamic-
Photosynthesis Coupling.

with Olivier Bernard, defended 29.09.2021.



01.09.2017-09.09.2021, IN-
RIA

02.16-12.19, Univ. Paris-
Dauphine

02.16-11.19, Univ. Paris-
Dauphine

07.13-09.15, Paris-
Dauphine

09.08-06.12, Uniyv. Paris VI

09.07-06.10, Univ. Paris-
Dauphine

Post-doc supervision

Antoine Lesieur.

Topic: Estimation and modeling applied to noise pollution in an urban environment.

with Vivien Mallet, defended 09.09.2021.

Nadia Jbili.
Topic: Optimal control schemes for Nuclear Magnetic Resonance.
defended 03.12.2019.

Sebastian Reyes-Riffo.
Topic: numerical methods for hydrolic energy extraction.
defended 29.11.2019.

Philippe Laurent.
Topic: fast numerical methods for electrolocation.
with Guillaume Legendre and Frédéric Boyer, defended 26.10.2015.

Kamel Riahi.
Topic: time-parallelization for optimal control.
with Yvon Maday, defended 10.06.2012.

Aimé Lachapelle.
Topic: numerics for mean-field games models.
with Guillaume Carlier, defended 3.06.2010.

09.11-08.12, Univ. de Bour-
gogne

Training courses supervision

Mamadou Ndong, Post-doctoral training course.
Topic: Identification methods in NMR.
with Dominique Sugny.

06.2022-12.2022, INRIA

06.2022-12.2022, INRIA

03.2022-07.2022, INRIA

10.2021-12.2021, INRIA

03.2021-07.2021, INRIA

03.2021-07.2021, INRIA

03.2018-07.2018, INRIA

Ewen Lallinec, Master D.
Topic : Parareal algorithm for Vlasov Systems.
with Sever Hirstoaga.

Maél Karembe, Master D.
Topic : Vortex Methods for wind turbines.

Dylan Machado, Bachelor D.
Topic : Optimal Mixing strategies.
with Liudi Lu.

Norbert Tognon, Master D.
Topic : ParaOpt algorithm for unstable systems.

Lucas Perrin, Master D.
Topic : Time parallelization and data assimilation.

Dylan Machado, Bachelor D.
Topic : Numerical study of the Blade Element Momentum Theory.

Liudi Lu, Master D.
Topic : Lagrangian reduction for transport phenomenon.
with Jacques Sainte-Marie.



03.2018-07.2018, Paris-  Quentin Petit, Master D.

Dauphine Topic : An Approximation for a First Order Mean Field Game Problem by a Discrete Mean
Field Game.
with Daniela Tonon.

05.14-07.14, Paris-  Aude Genevay, Master D.

Dauphine Topic: algorithms for concave cost transport.

05-08.11, Univ. Paris- Ardacan Celebi, Bachelor D.
Dauphine Topic: Algorithms for transport with congestion.

05-08.10, Univ. Paris-  Philippe Laurent, Master D.
Dauphine Topic: Operator control in quantum chemistry
with Gabriel Turinici.

05-07.09, Univ. Paris- Mehdi Benhamouche, Master D.
Dauphine Topic: Implicit monotonic schemes.

03-07.08, Univ. Paris VII Pierre Bazot, Master D.

Topic: numerical methods for red blood cell modelling.
with Benjamin Mauroy.

Administration responsabilities

2020- Leader of INRIA-Team ANGE.

2020- In charge of the french applied math. periodical “"Matapli” (with Maxime Chupin)
2015 Member of the selection committee for assitant professor position.

2014- Member of the laboratory council (CEREMADE).

2011-2017 Member of the University Paris-Dauphine administrative council.

2010- Local responsible of SMAI (french applied mathematics learned society).

2004-2005, Lab. J-L. Lions.  Responsible for the seminar “Méthodes numériques”.

Review activities

¢ ESAIM proceedings,

IEEE, CDC conference proceedings,
¢ M2AN,
SIAM : SISC, SINUM, SICON.

Workshops and summer schools

Palaiseau, 27.03.19 Workshop RheoSuNN.

Le Lioran, 25-28.06.19 Ecole d’été du GDR EGRIN.

Le Lioran, 18-21.06.18 Ecole d’été du GDR EGRIN.

Manchester, 17-19.06.13 Innovative space-time-parallel methods: Analysis and Applications.

Benasque, 28.08-09.09.11, Ecole d’été "Partial Differential Equations”.

Moscou, 07.05.10, L’ optimisation et ses environs : une journée franco-russe au laboratoire Poncelet”

Washington, 22-24.10.07, Atelier "Modeling and High Performance Computing Workshop”.



Benasque, 26.08-09.09.07, Ecole d’été "Partial Differential Equations, Optimal Design and Numerics™.

Oberwolfach, 22-28.10.06, Atelier "Mathematical and numerical aspects of quantum and chemistry problems”.
Bergen, 22-28.01.06, Atelier ”’Streamlines methods for porous media simulation”.

Benasque, 28.8-09.09.05, Ecole d’été “Partial Differential Equations, Optimal Design and Numerics™.
Marseille, 9-22.08.04, Ecole d’été¢ CEMRACS.

Large audience conferences

Paris, 06.12.22 Exposé “chiche” au lycée Charlemagne.
” Procédures de vote, quelles régles pour quels impératifs ? .
Paris, 05.10.21 Exposé pour le cycle SMAI/MAME du CNAM.
”Diviser pour mieux régner : un principe utile aussi en calcul !”.
Limay, 8.12.12 Conference about applied maths in Lycée Condorcet, Limay.
Paris, 20.03.12 Journée de la recherche a Dauphine. ” Transport optimal, les mathématiques comme outil”.
Paris, 20.12.12 Colloque au lycée Chaptal. ” Procédures de vote, quelles reégles pour quels impératifs ? .
Paris, 24.05.12 Colloque au lycée Chaptal. ” Comment résoudre des problemes avec un dé ?”.
Paris, 26.05.11 Colloque au lycée Chaptal. ” Mathematiques et transport optimal”.

| Research promotion

Paris, 22.11.12 Salon de I’éducation. Animation du stand SMAI/SMF.
Paris, 26.05.11 Participation a I’animation du salon des jeux mathématiques.

Teaching activities (french)

Bachelor 1 Lectures
e Cours d’analyse (54H/ans), D.U. GEA leére Année,
2006-2008, Université Paris-Dauphine

e Cours d’analyse (64H/ans), D.E.U.G. Sc. de la Mat. 1eére Année,
2003-2005, Université Pierre et Marie Curie
Tutorials

¢ Analyse 1, suites et fonctions (30H/ans), L.1. , 2012-2014,
Université Paris-Dauphine

¢ Algebre linéaire (32H/ans), D.E.U.G. MIAS, lére Année,
2002-2003, Université Pierre et Marie Curie

¢ Analyse et géométrie (32H/ans), D.E.U.G. MIAS, 2éme Année,
2002-2003, Université Pierre et Marie Curie
Bachelor 2 Tutorials

¢ Introduction au calcul et a I’analyse numérique (64H/ans), L.2., 2006-2007,
Université Paris-Dauphine

* Analyse 3, séries et intégrales généralisées (30H/ans), L.2., 2008-2010,
Université Paris-Dauphine

Bachelor 3 Supervision of “Projet numérique” (15H/ans), L.3., 2007-2008,
Université Paris-Dauphine



Master 1

Master 2

Doctoral lecture

Lecture notes

Lectures
¢ Traitement numérique du signal (32H/ans), M.1. , 2006-2010,
Université Paris-Dauphine
* Analyse fonctionnelle approfondie (32H/ans), M.1. , 2012-2015,
Université Paris-Dauphine
Tutorial
¢ Traitement numérique du signal (64H/ans), M.1. , 2006-2010,
Université Paris-Dauphine
¢ Analyse fonctionnelle approfondie (64H/ans), M.1. , 2012-2015,
Université Paris-Dauphine
Coding training course
¢ Calcul et analyse numérique 3 (12H/ans), M.1. , 2007-2010,
Université Paris-Dauphine

¢ Analyse numérique des équations aux dérivées partielles (12H/ans), M.1., 2011-2017,
Université Paris-Dauphine

Lecture

* Méthodes numériques pour des problemes incluant des solvers EDP (30H/ans), IMSP,
2019-,
Université d’Abomey-Calavi, Benin

* Méthodes numériques pour des problemes incluant des solvers EDP (30H/ans), Master
”Analyse et probabilités”, 2014-,
Université Paris-Dauphine

* Analyse numérique des équations aux dérivées partielles (30H/ans), Master "EDPMAD”
puis ”Analyse et probabilités”, 2009-2014,
Université Paris-Dauphine

« Optimisation et Contrdle, applications (12H/ans), 2006-2008,
Univers. lasi, Roumanie

¢ Cours de remise a niveau en analyse numérique (15H/ans), M.2. Analyse et proba-
bilités”, 2015,2016,
Université Paris-Dauphine

Coding training course

e Algorithmes stochastiques et Méthodes de Monte - Carlo (12H/ans), M.2. ”ISF-
apprentissage”, 2007-2009,

Université Paris-Dauphine

» Parameterized Partial Differential Equations and the Proper Orthogonal Decomposition
(3H), 2016,
Ecole des Mines-Paritech.

¢ Inégalités variationnelles et réduction de modele (6H), 2014, 2016, 2017,
Ecole des Mines-Paritech.

* Time parallelization methods and parareal algorithm (1h), 2019,
Summer school on advanced DD methods, MOX Lab, Politecnico di Milano.

* Parareal methods for optimal control (2h), 2022,
Research School - Domain Decomposition for Optimal Control Problems.

In charge of internships in the mathematics department (MIDO), 2009-2017.

“Traitement numérique du signal”, 91 pages. Can be downloaded here (french):
https://who.rocqg.inria.fr/Julien.Salomon/docs/teaching/poly.pdf?
file=poly.pdf

Updated version by Maxime Chupin : https://www.ceremade.dauphine.fr/~chupin/

?page=3&lang=fr.






