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1 General Information

Conference venue

The conference will take place at the Institut de Mathématiques de Bourgogne, Batiment Mirande A,
Université Bourgogne FEurope, Dijon.

The talks will be held in Salle René Baire, on the fourth floor.

The poster session will take place in the Salle du Conseil, on the ground floor.

Scientific scope

The workshop Mathematics for Machine Learning in Burgundy aims to bring together researchers
working at the interface of mathematics, machine learning, data science, inverse problems, optimization,
partial differential equations, statistics, and interdisciplinary applications.

The program includes plenary mathematical talks, interdisciplinary presentations, and a poster session
involving young researchers.

Meals and social events

Monday evening  Reception by the Mayor of Dijon at the Palais des Ducs de Bourgogne, followed
by dinner at L’Epicerie & Cie.
Tuesday evening  Banquet and Burgundy wine tasting at Maison Milliere.

Coffee breaks Coffee breaks will be served in Salle René Baire.

Lunches Lunches are organized for registered participants at the university restaurant.

Useful addresses

Institut de Mathématiques de Bourgogne 9 avenue Alain Savary, 21000 Dijon.

Palais des Ducs de Bourgogne Place de la Libération, 21000 Dijon.
L’Epicerie & Cie 5 Place Emile Zola, 21000 Dijon.
Maison Milliére 10-12 rue de la Chouette, 21000 Dijon.
Contact

For practical questions, please contact the organizers at math4mldijon@sciencesconf.org.


https://www.google.com/maps/search/IREM+Dijon
https://www.google.com/maps/search/Palais+des+Ducs+de+Bourgogne+Dijon
https://www.google.com/maps/search/Epicerie+Cie+Dijon
https://www.google.com/maps/search/Maison+Milliere+Dijon
mailto:math4mldijon@sciencesconf.org

2 Timetable

Monday, June 15

13:45-14:00 — Welcome session
14:00-15:30 - Optimal control and learning Chair: Cristian Mendico
Elisa Lacomini 14:00-14:45

Mean-Field Games and Inverse Reinforcement Learning for traffic flow modeling
Luca Salluzzi 14:45-15:30

Local Interactions and Neural Networks for Learning Value Functions in High Dimen-
stons

15:30-16:00 — Coffee break
16:00-17:30 — PDE, diffusion, and inverse problems Chair: Kang Liu
Enrique Zuazua 16:00-16:45

Classical PDE Ideas in Modern Al: Gaussian Variational Ansatzes and Diffusion
Dynamics

Yann Traonmilin 16:45—-17:30

From plug-and-play methods to diffusion priors in inverse problems: guaranteeing and
enhancing performance with deep projective priors

18:30-19:30 -~ Reception by the Mayor of Dijon at the Palais des Ducs de Bourgogne

19:45-21:45 — Conference dinner at L’Epicerie & Cie



https://www.google.com/maps/search/Palais+des+Ducs+de+Bourgogne+Dijon
https://www.google.com/maps/search/Epicerie+Cie+Dijon

Tuesday, June 16

09:00-10:30 - Optimization and learning I Chair: Xavier Dupuis
Cédric Herzet 09:00-09:45

Geometry of Convex Regularization: What Can Be Said About Minimizers Without
Solving the Problem?

Samuel Vaiter 09:45-10:30

Bilevel Optimization in Machine Learning: Successes € Pitfalls

10:30-11:00 - Coffee break
11:00-12:30 - Optimization and learning II Chair: Patrick Tardivel
Sylvain Sardy 11:00-11:45

The Pivotal Information Criterion
Clara Lage 11:45-12:30
Beurling-LASSO for Modulo-ADC Data

12:30-14:00 - Lunch

14:00-15:30 — Numerical methods and learning Chair: Kang Liu
Yunzhang Li 14:00-14:45
The Deep Truncated FBSDE Method: A Robust Solver for High-dimensional PDEs

Jiong Chen 14:45-15:30

Multiscale Preconditioning: From Heterogeneous PDEs to First-Kind BIFEs
15:30-16:00 -~ Coffee break

16:00-17:00 — Poster session

Poster presenters: Maxime Ballouard, Chih-Kang Huang, Morgane Jal, Zigian Li, Ulrick Fineddie
Randriharimanamizara

20:00-22:00 - Banquet and Burgundy wine tasting at Maison Milliere



https://www.google.com/maps/search/Maison+Milliere+Dijon

Wednesday, June 17

09:00-10:30 - Computer vision, robotics, and learning Chair: Cédric Demonceauz
Valentin Debarnot 09:00-09:45
Learning in Tomography Imaging - High Noise and Missing Data

Liming Chen 09:45-10:30
Toward Foundation Models for Robotics

10:30—11:00 — Coffee break

Benoit Presles 11:00-11:45
TBA

11:45-12:30 - Round table: Mathematics and application sciences in the age of Al

Chair: Fabrice Mériaudeau

12:30-14:00 - Lunch

Thursday, June 18. A special outreach activity on Diffusion des Maths et IA for middle- and
high-school students will be organized in collaboration with IREM.



3 Talk Abstracts

Multiscale Preconditioning: From Heterogeneous PDEs to First-Kind BIEs

Jiong Chen
Inria Saclay

In this talk, I will present my research on multiscale preconditioners for ill-conditioned linear systems,
addressing distinct computational challenges arising in Finite Element Method (FEM) and Boundary
Element Method (BEM) formulations. In the first half, I address heterogeneous PDEs within the FEM
framework. By constructing operator-adapted wavelets and reformulating them through Cholesky
factorization, I will demonstrate how coarse-graining schemes can be transformed into effective
preconditioners for highly ill-conditioned problems. The second half transitions to the BEM setting,
focusing on Fredholm boundary integral equations of the first kind. I will present a massively parallel
GPU preconditioner—capable of scaling beyond one million degrees of freedom—developed by combining
Kaporin’s approximate inverse Cholesky factorization with the screening properties of Green’s functions.
Ultimately, these algorithmic advances are grounded in real-world computer graphics applications,
highlighting the foundational role of computational science in advancing visual computing.

Toward Foundation Models for Robotics

Liming Chen
Ecole Centrale de Lyon

This talk will provide an overview of the emerging landscape of foundation models for robotics, covering
recent developments in Vision-Language-Action (VLA) models, world models, multimodal learning, and
embodied AI. We will discuss how large-scale robot datasets, simulation, and self-supervised learning
are reshaping the way robots are trained and deployed, while highlighting the limitations of current
approaches in terms of data efficiency, safety, reliability, and adaptation to real-world environments.

Particular emphasis will be placed on the mathematical challenges underlying this paradigm shift,
including representation learning for multimodal sensorimotor data, latent action modeling, domain
adaptation between simulation and reality, continual and lifelong learning, uncertainty quantification,
and the integration of reasoning and control. These challenges call for new theoretical and algorithmic
foundations at the intersection of machine learning, optimization, control, and robotics.

The talk will conclude with an overview of current efforts toward sovereign foundation models for
robotics and discuss the scientific opportunities opened by large-scale embodied AI for the next
generation of autonomous systems.

Learning in Tomography Imaging - High Noise and Missing Data

Valentin Debarnot
INSA Lyon

Cryo-electron tomography (cryo-ET) enables three-dimensional visualization of macromolecular struc-
tures in situ. However, reconstruction quality is fundamentally limited by two major factors: extremely
low signal-to-noise ratios and the missing-wedge problem caused by restricted tilt ranges. Together,
these lead to anisotropic blurring, loss of contrast, and resolution degradation, which severely hinder
downstream biological interpretation.

Recent learning-based approaches have shown that self-supervised reconstruction can mitigate these
limitations. However, existing methods either treat denoising and missing-wedge correction separately,



or rely on computationally expensive training procedures that limit their practical usability.

In this presentation, I will introduce state-of-the-art learning-based reconstruction methods grounded
in mathematical principles. The missing information in tomography can be precisely characterized
through the Fourier slice theorem. Under suitable symmetry assumptions, this ill-posed inverse problem
can be effectively addressed using equivariant imaging.

Finally, T will show how to bridge self-supervised and supervised learning approaches to combine their
respective strengths, enabling both highly accurate and extremely fast 3D tomographic reconstruction.

Geometry of Convex Regularization: What Can Be Said About Minimizers Without
Solving the Problem?

Cédric Herzet
Inria Bretagne

Convex regularization is a central tool in inverse problems, signal processing, statistics, and machine
learning. It provides tractable formulations for recovering structured objects such as sparse vectors,
low-rank matrices, or measures from incomplete or noisy observations. A natural question is then:
beyond existence and optimality, what can be said about the structure of the minimizers?

In this talk, I will discuss geometric principles that allow one to characterize minimizers of convex
regularized problems without explicitly solving them. The main idea is to relate the structure of the
solution set to the local geometry of the functions involved: subdifferentials, affine directions, faces of
level sets, and the interaction between the data-fitting term and the regularizer. This point of view
connects classical representer theorems, which describe solutions as combinations of a small number of
atoms, with more local and quantitative descriptions based on geometric indices.

I will first recall how familiar phenomena such as sparsity in the Lasso or low rank in nuclear-norm
regularization can be interpreted through the geometry of convex sets. I will then present a general
framework for deriving lower bounds on the structural complexity of minimizers, involving the dimension
of the solution set, the rank of the observation operator, and local geometric quantities attached to the
regularization terms. Several examples will illustrate how the abstract result specializes to standard
regularizers and how it complements existing representer theorems.

Mean-Field Games and Inverse Reinforcement Learning for traffic low modeling

Elisa Lacomini
Universita di Ferrara

Traffic flow provides a natural setting in which mathematical modeling, optimal control, and machine
learning interact. Vehicles can be viewed as agents in a multi-agent system, where driving decisions
are guided by individual objectives, interactions with other vehicles, and congestion effects. With the
emergence of autonomous vehicles, these interactions may change significantly, motivating models that
combine rigorous mathematical structure with data-driven learning.

In this talk, we present a game-theoretic framework for generic second-order traffic flow models based
on mean-field games. The approach links microscopic vehicle behavior, described through payoff or
cost functions, with macroscopic traffic quantities such as density and velocity. By modifying the
objective function in the resulting forward-backward PDE system, we obtain a broad class of traffic
flow models with a strategic and behavioral interpretation.

We also discuss the use of adversarial inverse reinforcement learning as a machine-learning tool to infer
driver cost functions from observed trajectory data. Numerical simulations illustrate how different cost



functions generate different traffic patterns, highlighting the potential of the framework for studying
congestion, equilibrium formation, and mixed traffic systems involving human-driven and automated
vehicles. This is a joint work with S. Di (Columbia University), M. Herty (RWTH Aachen), M. Lauriere
(New York University, China), C. Segala (USI Lugano), Z. Mo, X. Chen (Columbia University).

Beurling-LASSO for Modulo-ADC Data

Clara Lage
Ecole Centrale de Lyon, Institut Camille Jordan

We address the recovery of continuous sparse spike trains from modulo analog-to-digital converter
(modulo-ADC) samples, a setting in which the standard pipeline applies a high-order finite-difference
operator to unfold the wrapped measurements and then relies on parametric spectral methods (Prony,
Matrix Pencil) that are notoriously fragile under noise. We propose instead a grid-free convex framework
based on a generalised Beurling-LASSO, and develop the theory needed to make it work in the presence
of finite-difference unfolding.

The Deep Truncated FBSDE Method: A Robust Solver for High-dimensional PDEs

Yunzhang Li
Fudan University

In this talk, we introduce a deep truncated FBSDE method for high-dimensional quasilinear PDEs.
Compared to existing deep-learning BSDE solvers, which often suffer from instability when applied to
strongly coupled problems, our approach demonstrates significantly enhanced stability. The proposed
method applies gradient-truncated iterative decoupling alongside fictitious-play averaging to separate
the forward and backward processes in coupled framework. This ensures the coupled dynamics
are preserved while reducing the unstable feedback induced by parameter-dependent forward paths.
Furthermore, we incorporate a pathwise consistency optimization strategy to generate explicit local
gradient contributions and mitigate the vanishing gradient problem. Our approach is particularly
effective for degenerate convection-dominated equations, where the coupled formulation provides a
stable representation of nonlinear transport without introducing singular generator terms into the
BSDE. Both theoretical analysis and numerical experiments confirm that this method improves
stability, convergence, and accuracy, establishing a scalable and reliable framework for both low- and
high-dimensional problems.

Title of the talk

Benoit Presles
Université Bourgogne Europe

Abstract to be added.

Local Interactions and Neural Networks for Learning Value Functions in High
Dimensions

Luca Salluzzi
Universita di Ferrara



Many problems in science and engineering involve the control of large dynamical systems: examples
include interacting agents, networks, discretized partial differential equations, and multi-component
mechanical or physical models. A central object in feedback control is the value function, which assigns
to each initial state the best possible cost achievable by an optimal strategy. In principle, knowing
this function allows one to construct an optimal feedback law. In practice, however, computing it
is extremely difficult when the number of state variables is large, because the associated dynamic
programming equation suffers from the curse of dimensionality.

In this talk, I will introduce these ideas and then discuss a structural property that can make high-
dimensional problems more tractable. The key observation is that many large systems are not fully
connected: each component interacts only with a few nearby components, or its influence on distant
components becomes progressively weaker. This motivates the notion of decaying sensitivity, meaning
that the dependence of the value function on far-away variables decreases with distance in an underlying
interaction graph.

I will explain how this locality leads to separable approximations of the value function: instead of
approximating one function of many variables, we approximate it as a sum of functions depending only
on small neighborhoods. This provides a principled way to reduce complexity and design neural-network
architectures with local connections. I will also discuss the linear-quadratic case, where the idea has a
concrete interpretation through the decay of the entries of the Riccati matrix.

The Pivotal Information Criterion

Sylvain Sardy
Université de Genéve

We derive an information criterion that has three advantages over BIC: selection of A is (asymptotically)
pivotal, the information criterion is a continuous function of the parameters, and selection of A allows
to retrieve the correct input covariates with high probability. The Pivotal Information Criterion can
be seen as the extension of square-root LASSO to the location scale and exponential families and to
survival analysis. PIC can be employed for a linear model or an artificial neural network.

From plug-and-play methods to diffusion priors in inverse problems: guaranteeing
and enhancing performance with deep projective priors

Yann Traonmilin
Institut de mathématiques de Bordeauxr, CNRS, Bordeauxr Université

Recovering high-dimensional signals from corrupted measurements is a central challenge in inverse
problems. Recent advances in plug-and-play methods and generative diffusion models have shown
remarkable success in providing strong data-driven priors. In this work, we develop a theoretical
framework for analyzing deterministic plug-and-play and diffusion-based algorithms for inverse problems.
We interpret the key ingredients of these methods as deep projective priors. They provide an explicit
(potentially approximate) projection onto an implicit low-dimensional model set where the data of
interest lies. Accordingly, popular algorithms can be interpreted as generalizations of projected gradient
descent. Thanks to this we can identify key parameters on the measurement operator and on the
projective prior, that provide recovery guarantees and convergence rates. To leverage these theoretical
findings, we propose regularization schemes to improve these parameters in the training of deep
projective priors, validated by experiments.

Joint work with J.F. Aujol, A. Guennec, A. Joundi, O. Leong, A. Newson.




Bilevel Optimization in Machine Learning: Successes & Pitfalls

Samuel Vaiter
Laboratoire Jean Alexandre Dieudonné, CNRS, Université Cote d’Azur

Bilevel optimization is useful in machine learning to tackle problems such as hyperparameter tuning,
metalearning, optimal transport problems and even reinforcement learning from human feedback. This
talk presents recent advances that may improve our understanding of the complexity, algorithmic
strategies, and statistical properties of bilevel problems.

Classical PDE Ideas in Modern AI: Gaussian Variational Ansatzes and Diffusion
Dynamics

Enrique Zuazua
Friedrich-Alexander Universitdt Erlangen-Nirnberg

I will discuss two examples at the interface between PDESs, the calculus of variations, and machine
learning.

The first concerns Gaussian ansatz approximations of elliptic variational problems, with links to
universal approximation and energy minimization. A central goal is to understand the unexpected
efficiency of these methods, even though, from the viewpoint of classical rigorous analysis, they may at
first seem destined to fail.

The second, based on joint work with Kang Liu (Dijon), concerns diffusion-based generative Al. In
this setting, the heat equation and related diffusion dynamics provide a natural PDE framework for
understanding and designing modern generative methods in Al

The aim is to show how classical analytical tools remain central to emerging questions in Al, and how
the rapid development of machine learning is opening fascinating new problems in PDEs.




4 Poster Abstracts

La diffusion des chevaux macrocéphales du Magdalénien final

Maxime Ballouard
Université Toulouse Jean Jaures

Les chevaux macrocéphales sont des figures extrémement stylisées, typique du Magdalénien final (15 500
- 14 000 an avant le présent) qui ornent des outils et armes en bois de cervidé dans le grand Sud-ouest
de la France. Ce travail tend a comprendre leur diffusion par I’exploration de leur variabilité graphique,
quels auteurs de quels sites se sont clairement influencés, quels auteurs de quels sites ont produits des
figures plus éloignées du centre de style 7 Que peut-on en déduire sur les sociétés préhistoriques qui
ont produit ces images 7

Deep Ritz Neural Operators for Phase-field models via energy splitting

Chih-Kang Huang
Centre Inria d’Université Cote d’Azur

We propose a new neural operator approach that bridges classical convex-concave splitting schemes
with physics-informed learning to accelerate the simulation of phase-field models. By training the
neural operator with an energy-splitting variational formulation, we enforce the energy dissipation
property of the underlying models. We further introduce a custom Reaction-Diffusion Neural Operator
(RDNO), an architecture specifically designed to incorporate the operator-splitting of diffusion and
reaction terms in the model equation. In the case of the Allen-Cahn equation and anisotropic dendritic
growth simulation, we show that our approach gives better out-of-distribution generalization and higher
accuracy than standard FNOs or U-Nets, while achieving faster inference than traditional Fourier
spectral methods.

This is joint work with Ludovick Gagnon (Centre Inria d’Université de Lorraine), Miha Zaloznik
(Institut Jean Lamour) and Benoit Appolaire (Institut Jean Lamour) from Université de Lorraine.

Spectral signal processing for non-destructive archaeological surface analysis

Morgane Jal
Université Bourgogne Europe

Archaeological surface analysis often requires non-destructive approaches capable of identifying materials
under complex alteration conditions. This work investigates spectral signal processing methods applied
to visible and near-infrared reflectance data acquired in archaeological contexts.

The study focuses on altered cave surfaces and iron-rich pigments partially masked by calcitic deposits
in the Grande Grotte of Arcy-sur-Cure (France). Spectral acquisitions were performed under laboratory
and in situ conditions using reflectance spectroscopy in the 400-2500 nm range.

Several processing steps were evaluated, including spectral preprocessing, noise correction, dimension-
ality reduction, feature selection, and supervised classification approaches. Particular attention was
paid to the influence of surface alteration, spectral mixing, and signal stability on the robustness of the
analyses.

The results demonstrate that spectral signal processing significantly improves the detection and
discrimination of archaeological materials despite strong alteration effects. More broadly, this work

10



highlights methodological challenges related to the transferability of spectral analysis workflows from
controlled laboratory conditions to real archaeological environments.

Approximation Theory and Applications of Semi-Autonomous Neural ODEs

Ziqian Li
Friedrich-Alexander- Universitat Erlangen-Nirnberg

In this work, we introduce semiautonomous neural ODEs (SA-NODEs), a variation of the vanilla
NODESs, employing fewer parameters. We investigate the universal approximation properties of
SA-NODEs for dynamical systems from both a theoretical and a numerical perspective. Within the
assumption of a finite-time horizon, under general hypotheses, we establish an asymptotic approximation
result, demonstrating that the error vanishes as the number of parameters goes to infinity. Under
additional regularity assumptions, we further specify this convergence rate in relation to the number of
parameters, utilizing quantitative approximation results in the Barron space. Based on the previous
result, we prove an approximation rate for transport equations by their neural counterparts. Our
numerical experiments validate the effectiveness of SA-NODEs in capturing the dynamics of various
ODE systems and transport equations.

Designing Al tools for automated information extraction and predicting optimal
chemical reaction condition

Ulrick Fineddie Randriharimanamizara
Université Bourgogne FEurope

Chemical reaction conditions—such as temperature, solvent, and catalysts—are critical parameters that
determine the success and efficiency of synthetic transformations, including drug developments. However,
identifying the optimal conditions remains a complex, time-consuming task requiring significant
experimental effort.

Recent advances in chemical reaction databases, combined with the rise of machine learning (ML) and
AT methods, have led to the emergence of computational tools aimed at automating and accelerating
reaction condition prediction.

Despite these advances, current models often suffer from limited performance, largely due to the poor
quality and inconsistency of available data sources.

This work aims to address these challenges through a twofold approach :(1) developing an automated
information extraction tool to reliably mine information from the scientific literature, and (2) designing
novel machine learning strategies to improve upon existing reaction condition prediction methods.
Preliminary results highlight key limitations in data extraction pipelines and underscore the importance
of data quality for downstream model performance. These insights will guide the next steps toward
more robust and generalizable predictive frameworks.

In this communication, I will first talk about current performance of yields predicting models, then list
the main drawbacks of present methods used to extract molecules from scientific articles and how we
solved some of them.

11
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