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Conférences Plénières

Nonlocal Hamilton Jacobi equations

Adina Ciomaga

Octav Mayer Institute of Mathematics, Romanian Academy– Iaşi Branch

Univesité Paris Cité (Denis Diderot), Laboratoire Jacques Louis Lions

Conférence plénière

Hamilton Jacobi equations with nonlocal terms of integro - differential
type naturally arise in optimal control problems, front propagation, and
stochastic processes with jumps. These equations typically take the form

u− I[u](x) + H(x,Du) = 0 in Rd,

where I is a nonlocal operator associated with a Lévy measure and encodes
long-range interactions or jump dynamics and H is a Hamiltonian. Firstly,
I will discuss the analytical framework for viscosity solutions in the presence
of nonlocal operators, emphasizing well-posedness, comparison principles,
and stability under natural structural conditions on the Hamiltonian H and
the nonlocal operator I. Secondly, I will address regularity of solutions for
Hamilton-Jacobi equations with integro-differential terms. This is a deli-
cate issue due to the interplay between the first-order nonlinear Hamilto-
nian and the nonlocal operator. Unlike the purely local case, where the
coercivity of H or convexity assumptions can yield Lipschitz continuity of
solutions, the presence of a nonlocal operator I introduces long-range in-
teractions that may either enhance or obstruct regularization effects. In
many cases, the nonlocal term provides a compensating effect that prevents
singularity formation and yields regularity of solutions. However, optimal
regularity remains mostly open and strongly depends on fine properties of
the jump measure and the interaction between nonlocal term and the non-
linear Hamiltonian.
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3D Non-Cartesian MR imaging in the deep
learning era

Philippe Ciuciu

CEA/NeuroSpin & Inria MIND team, Palaiseau, France

Conférence plénière

High-quality MRI reconstruction at highly accelerated acquisition rates (≥
6) is challenging due to the ill-posed nature of the inverse problem. Tra-
ditional Compressed Sensing (CS) methods struggle to maintain quality at
these acceleration factors, while deep learning approaches, though effective,
face issues like overfitting and hallucinations when acquisition settings vary
between training and testing. Unrolled neural networks improve image qual-
ity but require fully sampled k-space data for supervised training and neces-
sitate perfect alignment of the acquisition setups from training to testing,
thereby limiting their clinical deployment over a large range of imaging con-
trasts.

In this talk, I will discuss recent advancements in Plug-and-Play (PnP)
approaches that address the limitations of CS and supervised learning. PnP
algorithms replace handcrafted CS priors with powerful denoising deep neu-
ral networks (DNNs). However, existing PnP methods often yield sub-
optimal results due to instabilities in proximal gradient descent schemes
and the lack of noiseless datasets for training robust denoisers. To over-
come these issues, we propose a fully unsupervised preprocessing pipeline to
generate clean, noiseless complex coi-combined MR images from multicoil
data, enabling the training of high-performance denoising DNNs in 2D and
3D anatomical MR imaging. Additionally, we introduce an annealed Half-
Quadratic Splitting (HQS) algorithm to address stability issues, leading to
significant improvements over existing PnP algorithms. Combined with pre-
conditioning techniques, our approach achieves state-of-the-art results in 2D
MRI and unmatched results in 3D non-Cartesian highly accelerated (x10)
anatomical MRI, offering a robust and efficient solution for high-quality MRI
reconstruction.
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Vertex duplication and removal dynamics on large
graphs

Valentin Féray

CNRS, Université de Lorraine

Conférence plénière

We study some simple Markov dynamics on graphs defined by an up-
down procedure. Namely, one step of the Markov chain consists in first
duplicating a random vertex of the graph (up-step), and then deleting an-
other random vertex (down-step). We prove that these chains converge in
the large size limit and after an appropriate time rescaling to a random
process (Feller diffusion) on the space of graphons. This is in contrast with
local edge dynamics which are known to converge to deterministic processes
governed by differential equations. We also obtain an explicit formula for
the mixing time of the Markov chain, excluding the appearance of cutoff
phenomena. This formula involves the Dedekind eta function, standard in
number theory.

Joint work with Kelvin Rivera-Lopez.

Computational approaches to understand pattern
formation in non-local PDEs describing

biological/ecological problems

Raluca Eftimie

Université Marie & Louis Pasteur

Conférence plénière

Nonlocal mathematical models are being used more and more often to
describe non-local interactions underlying collective movement in cell biol-
ogy and ecology. In these models, the nonlocal interactions appear in the
advection terms, to describe directed movement resulting from these nonlo-
cal interactions. Here, I will focus on a class of nonlocal hyperbolic mod-
els introduced to investigate collective movement in ecological populations
and cellular populations (as well as their limiting parabolic counterparts),
and discuss pattern formation and transitions between spatial and spatio-
temporal patterns. Particular attention will be given to open problems
associated with these models.
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Nonlinear Free-Surface Waves with Arbitrary
Vorticity: Dynamics of an Embedded Point Vortex

Delia Ionescu-Kruse

IMAR, Bucharest

Conférence plénière

We investigate the two-dimensional water-wave problem for an inviscid
incompressible fluid with a flat bed, a free surface, and a general non-zero
vorticity field. The nonlinear governing equations describing the intricate
interaction between the rotational motion in the bulk of the fluid and the
surface motion, are formulated through the Dirichlet? Neumann operator
and the Green function associated with the Laplace operator in the free-
boundary domain; new explicit representations for both objects are derived
(see D. Ionescu-Kruse and R. Ivanov, J. Differential Equations 368, 2023).
As an application, we study the dynamics of a point vortex embedded in
the fluid and its interaction with the free surface. In the small-amplitude,
long-wave Boussinesq and KdV regimes, by using appropriate approxima-
tions of the Green function in an infinite strip and asymptotic expansions of
the Dirichlet?Neumann operator, we derive a coupled system governing the
evolution of the surface variables and the vortex motion.

Our analysis shows that surface solitary waves are not destroyed by the
interaction with the vortex and remain practically unaffected over a signif-
icant range of vortex strengths. This observation leads to a further sim-
plification of the model, in which the vortex motion beneath propagating
solitons is described by a decoupled system of ordinary differential equations,
capturing the qualitative features of the interaction. Analytical results and
supporting numerical simulations are presented (see D. Ionescu-Kruse, R.
Ivanov and M. Todorov, J. Nonlinear Sci 36, 2026).

Output feedback control design for the
stabilization of 2-D and 3-D parabolic equations

Ionuţ Munteanu

Université Alexandru Ioan Cuza, Iaşi

Conférence plénière

The present talk is devoted to the problem of boundary output feedback
stabilization of parabolic-type equations which evolve in bounded 2-D or
3-D spatial domains, and which are governed by linear differential opera-
tors which can be diagonalized by the introduction of adequate weighting
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functions (by means of the Sturm-Liouville method). The diagonalizability
assumption allows us to deduce good properties of the spectrum of the lin-
ear operator like: it is countable, the eigenfunctions are regular and satisfy
unique continuation from the boundary properties, moreover, asymptotic
estimates of the ratio between point values of the eigenfunctions and the
eigenvalues, similar to those related to the Laplace operator, hold. The
method combines previous works for the boundary output feedback con-
trol of 1-D parabolic PDEs and for the state feedback control of multi-D
parabolic PDEs. We construct an output feedback boundary stabilizing
control with internal Dirichlet measurements designed by means of a finite-
dimensional observer. The reported control design procedure is shown to
be systematic for 2-D and 3-D parabolic equations. It can be extended to
dimensions more than three if certain assumptions on the spectrum of the
linear operator hold true.

Optimal long-time observability of the heat
equation and optimal sensor placement

Yannick Privat

IECL & Universié de Lorraine

Conférence plénière

It is well known that reconstructing an initial datum associated with a
parabolic equation from internal measurements of its solution over a time
horizon T , on a set ω called the observation region, is equivalent to an
observability question, or more precisely to the positivity of the so-called
observability constant associated with ω. This constant depends on the
observation region ω, but also crucially on the time horizon T .

In this talk, we are interested in the optimal placement of thermal sen-
sors. A natural modelling choice is to look for extremal observation regions
(when they exist) maximizing this observability constant. To be physically
relevant, we impose a constraint on the measure of the observed region.

After introducing a convex relaxation of the shape optimization problem,
we determine the asymptotic behavior of maximizers as T → +∞. Using
in a crucial way a quantitative bathtub principle, we prove strong conver-
gence of the maximizers to the characteristic function of a measurable set
that we characterize precisely, and we further show that this convergence is
exponential.

This is joint work with Idriss Mazari (Université Paris Dauphine) and
Emmanuel Trélat (Sorbonne Université).
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Controllability properties of coupled PDEs

Emmanuel Trélat

Sorbonne Université

Conférence plénière

In a series of works with Hugo Lhachemi and Christophe Prieur, we
investigate the controllability properties of some coupled PDEs, which can
be of different natures.

For a heat-wave PDE with coupling at the boundary, we establish exact,
exact null and approximate controllability in appropriate Hilbert spaces, un-
der sharp assumptions. Our approach relies on an Ingham-Müntz inequality,
allowing us to establish an observability inequality for the dual problem. The
resulting controllability space, which depends on the coupling function and
is characterized in a spectral way, is not a usual functional space.

I will also give some results for other cascade systems, providing new
results for coupled heat equations where interesting changes happen at some
specific times in the controllability properties.

Stochastic models for the growth of filamentous
fungi

Amandine Véber

MAP5, Paris Cité University

Conférence plénière

Filamentous fungi form a large family of species playing an important
role in the functioning of many ecosystems. They develop in space thanks to
the growth and multiplication of filaments (the mycelium) which allow the
absorption and sharing of nutrients and other molecules. In this talk, we will
first introduce a stochastic growth-fragmentation model for the development
of a mycelial network, whose main aim is to identify a small number of key
parameters describing the growth of the fungus in homogeneous conditions
and to understand and quantify the impact of different forms of stress on
this growth. We will then present a method for inferring these parameters
and its implementation on experimental data on the growth of P. anse-
rina obtained at the Interdisciplinary Laboratory for Future Energy (LIED,
UPCité). Finally, we will discuss an extension of the stochastic growth-
fragmentation process allowing us to explicitly model the spatial structure
of the mycelial network and the possible interactions between filaments.
These results are joint work with the members of the interdisciplinary ANR
project NEMATIC.
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Minisymposia and Contributed Talks

MS1 - Calcul scientifique, analyse numérique et calcul piloté par
les données
Organisateurs : Mihai Nechita (Université Babeş-Bolyai & Académie
Roumaine) et Marina Vidrascu (Inria)

MS2 - Mathématique pour la biologie
Organisateurs : Cristian Preda (Université de Lille), Pierre Roux
(Centrale Lyon) et Marcela Szopos (Université Paris Cité)

MS3 - Analyse géométrique et applications
Organisateurs : Razvan Ceuca (Université Technique Gheorghe Asachi,
Iaşi), Xavier Lamy (Université de Toulouse) et Dominik Stantejsky
(Université de Lorraine, Nancy)

MS4 - Algorithmes stochastiques
Organisateurs : Iulian Cimpean (Université de Bucarest) et Antoine
Godichon Baggioni (Sorbonne Université)

MS5 - Equations aux dérivées partielles
Organisateurs : Dragoş Iftimie (Université Claude Bernard Lyon 1) et
Liviu Ignat (Simion Stoilov Institute of Mathematics of the Romanian
Academy)

MS6 - Géométrie aléatoire
Organisateurs : Pierre Calka (Université de Rouen Normandie) et
Matteo d’Achile (Université de Lorraine, Metz)

MS7 - Optimisation
Organisateurs : Yannick Privat (Université de Lorraine, Nancy), Sorin-
Mihai Grad (ENSTA Paris) et Ion Necoara (Université Polytechnique
de Bucarest)
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Mathematical Modeling of Complex Systems with
Applications to Fisheries

Ilham Ait El Harch

Cadi Ayyad University, Faculty of Sciences Semlalia, Department of

Mathematics, Marrakech (Laboratoire de Mathématiques, de Modélisation et de

Systèmes Automatiques) –Ecole nationale des sciences appliquées de Marrakech

(ENSA Marrakech)

Contributed talk

This study aims to deepen the understanding and optimize fishing activ-
ity in Morocco by holistically integrating biological and economic aspects.
On the biological front, we examine the rivalry between three marine species:
Sardine, Mackerel, and Tuna, and the need to preserve the balance of their
biomass. On the economic side, we focus on maximizing fishermen’s profits.
We develop a biological equilibrium model for fishermen operating in the
Atlantic region, where the three species coexist. These competing species
exhibit their natural growth represented by logistic curves. We propose a
mathematical model that takes into account the density and competition
between species to explain population dynamics. Integrating human inter-
vention adds a realistic dimension to our modeling. Fishermen specifically
target all three species, thereby influencing population dynamics based on
their fishing activities. This approach allows us to explore the effects of
human-nature interaction on the biological equilibrium of sardine equilib-
rium of sardine, mackerel, and tuna populations

Methods and Challenges in Particle Swarm
Optimization

Alexandra Andriciuc

University of Bucharest & IMAR, Bucharest

MS 4

In this talk, we examine the Particle Swarm Optimization (PSO) al-
gorithm from a probabilistic perspective by modeling particle trajectories
as stochastic processes. The analysis relies on classical tools from proba-
bility theory and stochastic analysis, treating randomness as an intrinsic
component of the dynamics rather than as a secondary perturbation. The
proposed framework aims to connect mathematically tractable assumptions
with parameter regimes commonly used in practice. Alongside original re-
sults, we discuss related contributions from the literature in order to place
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the approach within the broader context of existing work. Overall, this
viewpoint highlights PSO as a mathematically rich optimization method at
the intersection of stochastic processes, dynamical systems, and applied op-
timization, with continued relevance for both theoretical investigation and
practical optimization tasks.

Variable Selection for Time-Varying Covariates in
Interval-Censored Multistate Survival Models:

Application to Dementia

Ariane Bercu

Inserm Research Center Bordeaux Population Health, Bordeaux School of Public

Health, CIC 1401-EC, Bordeaux University

MS 2

Dementia is a chronic disease characterised by neurodegenerative pro-
cesses and vascular brain injury. In prospective population-based cohorts,
the diagnosis of dementia is usually interval censored as it is made by a neu-
ropsychologist at follow-up visits so that the exact time of dementia is not
exactly known. In addition, dementia and then death may occur in between
visits before a diagnosis of dementia can be made. In this work, we proposed
to study the association between repeated-measures biomarker and the time
to dementia onset with interval censored data.

We proposed a novel three-stage approach, at the first stage: we model
and predict the error-free values of each biomarker over time, using univari-
ate joint model to correct for measurement errors and information on demen-
tia status or mortality. Then, at the second stage, a regularized illness-death
model performs variable selection among all the predicted biomarkers on the
transition toward dementia and those to death with and without dementia.
Finally, at the third stage, we use multiple imputation to refit and evaluate
the associations between the biomarkers, selected in stage 2, and the events
using samples of the posterior distribution of the biomarkers. The perfor-
mances of our algorithm were evaluated in simulations under different event
rates and sparsity between follow-up visit.

Joint work with Agathe Guilloux (Inria Paris & Centre de Recherche
des Cordeliers, INSERM, Université de Paris, Sorbonne Université), Cécile
Proust-Lima (Inserm Research Center Bordeaux Population Health, Bor-
deaux School of Public Health, CIC 1401-EC, Bordeaux University) and
Hélène Jacqmin-Gadda (Inserm Research Center Bordeaux Population Health,
Bordeaux School of Public Health, CIC 1401-EC, Bordeaux University).
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Non-local branching processes for cancer

Lucian Beznea

IMAR, Bucharest

MS 2

We study a non-local branching process with state space the set of all
finite configurations of a space E, related to the time evolution of a cancer
disease in the ”body” E. The talk is based on a joint work with Valentin
Constantinescu from Bucharest.

Random burning of the Euclidean lattice

Guillaume Blanc

EPFL

MS 6

The burning number of a graph is the minimal number of steps that are
needed to burn all of its vertices, with the following procedure: at each step,
one can choose a point to set on fire, and the fire propagates constantly at
unit speed along the edges of the graph. In joint work with Alice Contat,
following Mitsche, Pra lat and Roshanbin, we consider two natural random
burning procedures in the discrete Euclidean torus with side-length n, in
which the points that we set on fire at each step are random variables. Our
main result deals with the case where at each step, the law of the new point
that we set on fire conditionally on the past is the uniform distribution on
the complement of the set of vertices burned by the previous points. In this
case, we prove that as n → ∞, the corresponding random burning number
(i.e, the first step at which the whole torus is burned) is asymptotic to
T · nd/(d+1) in probability, where T = T (d) ∈ R∗

+ is the explosion time of a
so-called generalised Blasius equation.
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Data-driven mathematical modeling differentiates
between cytotoxic and cytostatic effects of

nutritive environments

Céline Bonnet

UMPA, ENS Lyon

MS 2

I will present a method to analysis longitudinal flow cytometry and popu-
lation growth biological data using Bellman Harris stochastic processes (also
called age-structured Birth and Death processes) and large population ap-
proximations. Then I will discuss different interpretations to describe death
dynamics with individual or population point of view.

A perturbed optimal control problem

Wafiya Boukrouk

Université Mohammed Seddik Benyahia - University of Jijel, Algérie

Contributed talk

In our presentation at this symposium, we discuss the perturbation of an
optimal control problem constrained in the final state. The optimal control
(minimizing the cost in our case) governs a differential equation within a spe-
cific framework, thus placing the problem itself within a specific framework.
The study begins with an analysis of the solutions to the differential equa-
tion, then the control problem. This analysis demonstrates the robustness
of the optimum to numerical perturbations.

Numerical identification of coefficients in an
elliptic problem

Muriel Boulakia

Université Paris-Saclay, UVSQ, CNRS, Laboratoire de Mathématiques de

Versailles, France

MS 1

In this talk, I will present a numerical method for the reconstruction of
coefficients in second-order scalar or vector elliptic partial differential equa-
tions. This problem has applications for instance in the field of elastography.
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Whether for the scalar or for the vector case, error estimates that are known
to be sharp are proved. The theoretical results are illustrated by numerical
examples. It is a work in collaboration with Erik Burman (UCL) and Miguel
Fernandez (Inria Paris).

Simulation and parameter estimation of diffusions
with singular coefficients

Julia Budzinski

Inria & IECL

MS 4

Diffusion processes are widely used to model real phenomena in geo-
physics, biology and finance. In this talk, we focus on diffusion models
whose dynamics change abruptly when the process crosses a threshold.

We first study the simulation of solutions to stochastic differential equa-
tions of the form

Xt = X0 +

∫ t

0
b(Xs)ds +

∫ t

0
σ(Xs)dBs,

where the drift coefficient b and the diffusion coefficient σ are piecewise de-
fined. In particular, we discuss simulation methods for threshold-type diffu-
sion processes, such as threshold CIR models, where different CIR dynamics
are used on each side of the threshold.

If time permits, we then illustrate how such models can capture regime
changes in financial data, with an application to realized volatility series.

The simulation part of this talk is based on ongoing work with Madalina
Deaconu and Sara Mazzonetto. The application part is based on joint work
with Paolo Pigato.

Modeling and numerical simulation of solute
transport during hemodialysis

Nicolae Ĉındea

Université Clermont Auvergne

MS 2

This talk aims to present a mathematical and numerical framework for
modeling solute transport during hemodialysis, with a focus on calcium
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dynamics under regional citrate anticoagulation. The approach relies on
a coupled system combining reduced fluid models in anisotropic hollow-
fiber geometries with multi-species convection?reaction?diffusion equations
describing the transport and interaction of free, protein-bound, and citrate-
complexed calcium.

An asymptotic analysis is used to derive effective equations for blood and
dialysate flows, allowing for both Newtonian and non-Newtonian rheologies.
These flows drive the transport of chemical species, leading to a nonlinear
coupled system that captures the interplay between convection, diffusion,
and fast equilibrium reactions. Numerical simulations are performed to in-
vestigate the influence of dialysate composition and citrate infusion protocols
on calcium concentration profiles and anticoagulation efficiency.

The model is confronted with clinical data from intermittent hemodial-
ysis sessions, showing good agreement with measured calcium and citrate
concentrations along the extracorporeal circuit. In a second step, we address
the identification of membrane transport parameters through a multi-patient
inverse problem. An optimization framework is coupled with the forward
model to estimate effective diffusion coefficients from outlet measurements.
By aggregating data across patients and incorporating patient-specific phys-
iological calibration, the approach improves parameter identifiability and ro-
bustness with respect to measurement noise. Applications to both synthetic
and clinical datasets demonstrate the benefit of this multi-patient strategy
over single-patient estimation.

Two numerical methods for the controllability of
vibrating systems

Nicolae Ĉındea

Université Clermont Auvergne

MS 7

The aim of this talk is to introduce and compare two numerical methods
for approximating exact controls for wave-type partial differential equations.
The first method consists in expressing the optimality condition character-
izing the control with minimal L2-norm as a mixed formulation, and then
in approximating the solution of this mixed formulation by the finite ele-
ment method. The second method relies on Russell’s principle, “stability
implies controllability”, in order to approximate an exact control, which is
not necessarily optimal. A typical example covered in the presentation is the
numerical approximation of controls for the wave equation, but both meth-
ods also apply to the linear elasticity system and to the Euler–Bernoulli
beam equation.
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Well-posedness and numerical approximation of an
optimal control problem for lake eutrophication

Ioana Chiru

INRAE & LISC, Clermont-Ferrand

MS 2

An excessive phosphorus input in a lake can lead to its eutrophication:
a disruption of the flora and fauna equilibrium inducing a cyanobacteria?s
proliferation, which can be toxic for humans. Beyond the environmental
harm, the sanitary impact of this phenomenon motivate the need to better
understand and prevent it.

The trade-off between benefits inducing phosphorus inputs P and dam-
ages caused by cyanobacteria c is modeled with optimal control problem
(P0) depending on a partial differential equations state system (M). The
phosphorus inputs P acting as the control variable and being delivered from
a river discharging in the lake, we place ourselves in a Dirichlet boundary
control problem. A previous work (1) defined and stated the well-posedness
and the existence of a global solution of the optimal control problem (P0).

With the idea to numerically approximate the solution, we define the
adjoint problem of the state model (M), and prove existence of a solution
using the Schauder fixed-point theorem and its uniqueness with the Grönwall
lemma combined with a lifting of the boundary condition.

A Feynman-Kac numerical approach to the
Calderon inverse problem for the stationary

Schrödinger equation

Iulian Ĉımpean

University of Bucharest & Simion Stoilow Institute of Mathematics of the

Romanian Academy, Bucharest, Romania

MS 1

In this talk we introduce and discuss a probabilistic numerical method
aimed to recover the unknown potential in the Schrodinger equation for
the Laplace operator in a bounded domain, from discrete boundary/interior
measurements. This problem is strongly related to the Calderon problem
of recovering the diffusion coefficients of a domain from the Dirichlet-to-
Neumann operator, which is well known to have important applications such
as non-invasive medical image reconstruction through Electrical Impedance
Tomography.
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Solving such inverse problems numerically is challenging and requires
significant stabilizing interventions, as they are severely ill-posed in the sense
of Hadamard. Our plan is to introduce and explore a simple numerical
method that uses the Feynman-Kac formula in order to associate a least-
squares cost functional for the corresponding inverse problem with discrete
measurements. One main advantage of the proposed approach is that the
gradient of the associated cost functional has again an explicit probabilistic
representation that can be used in a gradient-based optimization scheme
through Monte Carlo simulations. We shall present the method and test its
efficiency on several examples.

Galileo invariance and unbounded solutions of the
2D Euler equations

Dimitri Cobb

Laboratoire d’Analyse et de Mathématiques Appliquées (LAMA)

Université Paris-Est Créteil (UPEC).

MS 5

The goal of this talk is to examine the existence and uniqueness of un-
bounded solutions to the 2D Euler equations. The solutions u(t, x) we con-
sider possess a certain regularity (namely C1−ϵ), so that they are locally
bounded. However, they may grow as u(t, x) = O(|x|α) as |x| → +∞. Our
main motivation is related to the scale invariance of the equations, which
indicates that such solutions may exist if α < 1. This condition is linked to
transfer of kinetic energy from large scales to small scales.

However, considering solutions with infinite energy raises new problems.
For example, the standard calculation of the pressure based on the solu-
tion (using the Leray projection) is no longer possible. Our approach relies
on local energy estimates in carefully chosen reference frames and makes
extensive use of the Galilean invariance of the equations.

This is work in collaboration with Herbert Koch (Universität Bonn).
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Common modeling techniques between
mathematical finance and cancer evolution

Valentin Constantinescu

IMAR, Bucharest

MS 2

The aim of this talk is to highlight some possible links between branching
processes, mathematical finance, and cancer modeling. Motivated by the
work of Rick Durrett, we study connections between branching processes
and models commonly used in mathematical finance. In particular, we fo-
cus on the Cox-Ingersoll-Ross (CIR) process, a mean-reverting square-root
diffusion widely used in interest-rate and stochastic-volatility modeling, and
present its interpretation as a continuous-time branching process, following
the construction of Zenghu Li.

Existence and uniqueness of a critical point for the
energy associated to a notched ferromagnetic

nanowire

Clémentine Courtès

IRMA, University of Strasbourg

MS 3

In this talk, we study a ferromagnetic nanowire with a defect, represented
as a single, unimodal notch. Using a mountain-path argument, we establish
the existence and uniqueness of a critical point for the ferromagnetic energy
associated with this model. This critical point corresponds to a topological
solution (a single domain wall) localized in the vicinity of the notch.

This is a joint work with Raphaël Côte, Guillaume Ferrière, Ludovic
Godard-Cadillac and Yannick Privat.
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Optimal Polyhedral Shapes and Classical
Isoperimetric Inequalities

Josué D. Dı́az-Avalos

University of Duisburg-Essen, Germany

MS 7

We present a framework for shape optimization within the class of convex
polyhedra in arbitrary dimension. Polyhedra represent an important class
of nonsmooth domains in applications: they are relatively simple compared
to other nonsmooth geometries, and play a key role in numerical implemen-
tations and optimization. Using a hyperplane-based parametrization, we
show that relevant topological properties remain stable under small pertur-
bations. We then perform a sensitivity analysis for shape functionals, that
is, real-valued functionals defined on polyhedral domains. Such function-
als typically arise in optimization problems coupled with partial differential
equations. This approach is applied to two classical isoperimetric problems:
the Saint–Venant inequality and the Faber–Krahn inequality, formulated
here in the context of polyhedra. In these inequalities, the Euclidean ball
is the optimal domain maximizing torsional rigidity and minimizing the
first Dirichlet eigenvalue of the Laplacian, respectively. We derive expres-
sions for the shape derivatives of both the torsional rigidity and the first
Dirichlet eigenvalue of the Laplacian on polyhedral domains. Reformulating
the inequalities as shape optimization problems over polyhedra with a fixed
number of faces, we use these derivatives to solve the resulting optimiza-
tion problems numerically. Our computations reveal irregular polyhedra
exhibiting unexpected symmetries, providing new insights into the optimal
geometry associated with these classical problems.

Local feature filtering for scalable and
well-conditioned domain-decomposed random

feature methods

Victoriţa Dolean

TU Eindhoven, The Netherlands

MS 1

Random Feature Methods (RFMs), including extreme learning machine
finite-basis PINNs (ELM-FBPINNs), offer a scalable approach to PDEs by
approximating solutions with localized, overlapping random neural bases
and training via structured least-squares minimization of PDE residuals.
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While efficient and parallelizable, the resulting systems are often severely
ill-conditioned due to redundancy and overlap-induced correlations. We
introduce a block rank-revealing QR (RRQR) filtering and precondition-
ing strategy applied directly to the structured least-squares problem. Local
RRQR factorizations remove redundant basis functions, reduce problem size,
and improve conditioning, while enabling a block-sparse, numerically sta-
ble right preconditioner. We derive deterministic condition-number bounds
with probabilistic refinements. Experiments on multi-scale PDEs in 1D-3D
show condition-number reductions up to eleven orders of magnitude, LSQR
speedups of 10 - 1000x, and higher accuracy than unpreconditioned and
additive Schwarz methods at lower cost.

Convergence of explicit
Runge-Kutta/discontinuous Galerkin

approximations of the first-order form of
Maxwell’s equations

Alexandre Ern

CERMICS, ENPC, Institut Polytechnique de Paris

Inria Paris, France

MS 1

We establish a convergence result for the approximation of low-regularity
solutions to time-dependent PDE systems that have an involution structure
similar to Maxwell’s equations and the linear wave equations. The approx-
imation is based on an explicit Runge–Kutta (ERK) time-stepping and the
discontinuous Galerkin (dG) method with stabilization (so-called upwind
fluxes) in space. The regularity setting only assumes that the exact solution
and its first time-derivative are in L∞(0, T ;Hs) with a Sobolev regular-
ity index s in (0, 12) (here, (0, T ) is the time interval), and that its second
time-derivative is in L∞(0, T ;L2). The two main tools for the convergence
analysis are a Ritz projection in space that leverages recent convergence
results in operator norm for the dG approximation of the steady form of
the PDE, and the L2-stability under a standard CFL condition of three-
stage, third-order and four-stage, fourth-order ERK schemes. These latter
results are known in the literature, but we provide here a somewhat simpler
argumentation to prove the L2-stability. This is joint work with Jean-Luc
Guermond (Texas A&M University).
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Mathematical Modeling and Numerical Analysis
of Dynamic Behavior in Lubricated Mechanisms

Youssef Essadaoui

Maroc

Contributed talk

In this paper, we investigate the dynamic behavior of a lubricated mech-
anism in the incompressible case. The goal is to develop a mathematical
model that describes the motion of the upper surface, based on the quasi-
stationary Reynolds equation and Newton’s second law. We also analyze the
existence and uniqueness of solutions to the resulting differential equations,
as well as the conditions under which global nonexistence of solutions may
arise. Furthermore, we conduct a thorough numerical analysis of the pa-
rameters a and p, examining their influence on the system’s behavior. The
results provide valuable insights into the dynamics of lubrication, enhancing
the understanding of these mechanisms in practical applications.

A signature-based spatial scan statistic for
functional data

Camille Frévent

LR 2694 - METRICS - Univ. Lille, CHU Lille, ULR 2694 - METRICS :

Evaluation des technologies de santé et des pratiques médicales, Lille

MS 2

Nous avons développé une nouvelle statistique de scan spatiale pour
données fonctionnelles, basée sur les signatures (SigFSS). Cette statistique
de scan peut être appliquée à la fois à des données fonctionnelles univariées
et multivariées. Dans une étude de simulation, le SigFSS performe mieux
que les approches de la littérature, elle conduit notamment à des clusters
plus précis. Enfin, nous avons utilisé le SigFSS pour détecter des clusters
spatiaux de taux de mortalités anormalement élevés ou faibles en France.
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Niche construction emerging from fast ecological
and slow evolutionary and environmental
timescales in individual-based models

Coralie Fritsch

Inria & IECL, Nancy

MS 2

I will introduce an individual-based model of niche construction based
on birth-death processes of interacting (sub)species immersed in a slowly-
varying environment which is influenced by the population state. Extinc-
tion and/or emergence of negligible (sub)species on long time scales can be
observed. I will present a convergence result showing that the joint dynam-
ics of the species sizes on a logarithmic scale and the environment can be
approximated by an explicit dynamical system in the limit of large popu-
lations. This convergence result holds true under the assumption that no
”bad events” occur during the population dynamics, corresponding to situ-
ations where several species become dominant or go extinct simultaneously.
No such bad event occurs for Baire-almost all initial conditions of the pop-
ulation sizes and the environmental resources. I will apply this framework
to study the long term co-existence of two specialist species consuming two
resources, with a ”joint” niche construction where each species constructs
the niche of the other while depleting its resources. I will also present an
example of immune escape in cancer, where the environmental variable is
associated to the state of the immune system and the species are associated
to three types of tumor cells. This is joint work with Nicolas Champagnat,
Cristóbal Quiñinao, Leonardo Videla and Nicolás Zalduendo-Vidal.

Operator learning for flow field predictions on
non-parametric domains

Andrei Gasparovici

Babeş-Bolyai University, Cluj-Napoca, Romania

Siemens, Braşov, Romania

MS 1

Approximating solution operators for partial differential equations on
non-parametric domains remains a fundamental challenge in scientific com-
puting. In this talk, we propose a hybrid architecture that couples a Deep
Operator Network (DeepONet) with a neural implicit shape representation
model to learn the mapping from domain geometry to PDE solution fields.
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The shape representation component provides a data-driven parametri-
sation of the domain geometry, representing the boundary of each domain as
the zero level set of a learned signed distance function, conditioned by a low-
dimensional latent vector. This latent representation is then incorporated
into the DeepONet, which approximates the corresponding solution opera-
tor. We focus on incompressible flow in patient-specific aortic geometries
as a motivating application, where anatomical differences lead to substan-
tial variability in the geometry of the domains. However, this method is
applicable to similar problems.

We discuss the motivation behind this approach, including the connec-
tion to universal approximation results for operators and the role of the
implicit geometry parametrisation in constructing a low-dimensional rep-
resentation of the space of admissible domains. We outline the training
strategy, the challenges we anticipate in handling the geometric variability
of realistic aortic shapes, and discuss the capability of the proposed model
to generalise to new geometries. We conclude by discussing the potential
and limitations of this framework as a general strategy for operator learning
on parameterised domains.

Arm separation for critical Bernoulli percolation:
the easy way

Löıc Gassmann

Université de Fribourg

MS 6

Critical Bernoulli percolation on Z2 is a probabilistic model defined as
follows: each edge of the lattice Z2 is declared open with probability 1/2 and
closed with probability 1/2. The main objects of study in this model are
connections, i.e., paths made only of open edges (or only of closed edges).
These connections are also called arms.
Arm separation is a classical and essential tool in the study of this model.
It essentially states that when a collection of long arms goes from the center
of a large box to it’s boundary, then near the boundary these arms are typ-
ically far apart. This fact has numerous applications. One of which being
the fractality of certain sets. For instance, it can be used to show that the
fractal dimension of the boundary of large clusters of open edges is strictly
greater than 1.
In this talk, we present a new point of view on arm separation that relies
solely on the planarity of the 2-dimensional square lattice Z2 and on a ran-
dom exploration algorithm. This is a joint work with Ioan Manolescu and
Maran Mohanarangan.
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A hybrid stochastic Newton algorithm for logistic
regression

Eméric Gbaguidi

Institut de Mathématiques de Bordeaux, France

MS 4

We investigate a second-order stochastic algorithm for solving large-scale
binary classification problems. We propose to make use of a new hybrid
stochastic Newton algorithm that includes two weighted components in the
Hessian matrix estimation: the first one coming from the natural Hessian
estimate and the second associated with the stochastic gradient information.
Our motivation comes from the fact that both parts evaluated at the true
parameter of logistic regression, are equal to the Hessian matrix. This new
formulation has several advantages and it enables us to prove the almost sure
convergence of our stochastic algorithm to the true parameter. Moreover,
we significantly improve the almost sure rate of convergence to the Hessian
matrix. Furthermore, we establish the central limit theorem for our hybrid
stochastic Newton algorithm. Finally, we show a surprising result on the
almost sure convergence of the cumulative excess risk.

Local well-posedness for a moving rigid region in
Surface Quasi-Geostrophic equations

Ludovic Godard-Cadillac

Institut de Mathématiques de Bordeaux, Université de Bordeaux & École

Nationale Supérieure d’Électronique, Informatique et Radiocommunications de

Bordeaux (ENSEIRB)

MS 5

Our work is devoted to the study of the Surface Quasi-Geostrophic equa-
tion (SQG) in the presence of a moving rigid obstacle. This equation is a
standard model that arises in meteorology to describe a quasi-stratified fluid
in a fast rotating frame. The presence of rigid regions is a well-known phe-
nomenon, called the Taylor-Proudmann theorem (or phantom obstacles),
that arise when the stratification structure of the atmo- spheric fluid is
destoyed by violent extreme events (eye of a hurricane, massive australian
bushfire,...). We propose a derivation of a system of equations that take into
account the modification of the standard surface quasi-geostrophic equations
due to this rigid region and show a local well-posedness result. This is a joint
work with Arnab Roy (BCAM).
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Mathematical modeling and numerical simulation
of the child’s lower urinary system

Lisa Grandjean

Laboratoire de Mathématiques de Reims

Université de Reims - Champagne Ardenne

MS 2

In this work, we develop with pediatric surgeons a 2D numerical model of
the child’s bladder to study and better understand the mechanism of filling
and voiding. The model is based on real data provided by surgeons to simu-
late filling (passive deformation over hours) and voiding (active contraction
of the detrusor in seconds) by coupling fluid and structural mechanics. The
model produces realistic physiological pressures and flow rates.

Resolvents and time decay estimates for dispersive
equations on manifolds

Viviana Grasselli

IECL

MS 5

We will consider solutions of three models of dispersive equations: the
Schrödinger, wave and Klein-Gordon equations. We prove time decay esti-
mates for the solutions of these equations on non compact manifolds, giving
optimal rates of decay. The dynamic of the evolution equations is studied
through a spectral analysis of the resolvent of the Schrödinger operator. In
particular, we need to control the blow-up of the resolvents (and its powers)
when we get close to the spectrum. To prove these properties, we will apply
Mourre theory.
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A Monte Carlo discretization method for
nonlinear variational PDEs

Andreea Grecu

University of Bucharest, Romania

Institute of Mathematical Statistics and Applied Mathematics, Romanian

Academy, Bucharest

MS 1

We introduce and test a numerical method for solving boundary value
problems for some classes of second order partial differential equations in a
bounded open set in D ⊂ Rd, including, for example, those that arise as the
Euler-Lagrange equation associated to some energy functional of the type
J(u) =

∫
D F (x, u(x),∇u(x)) dx, u ∈ D(J) ⊂ W 1,2(D), with prescribed

boundary conditions u = g on ∂D. Our approach is based on the orthog-
onal decomposition of H1(D), probabilistic representations and the Monte
Carlo method. We test our method for solving various PDEs, such as (non-
)symmetric second order linear elliptic PDEs, semilinear PDEs that admit
multiple solutions, quasilinear PDEs such as Poisson problems for the p(x)-
Laplace equation. Some of these examples will be presented in this talk.
Based on a joint work with I. Ĉımpean and A. Zărnescu.

Online parameter reconstruction for bilinear
control systems with applications to MRI

Ivan Hasenohr

University of Klagenfurt, Austria

MS 7

We are interested in a parameter reconstruction problem emerging from
MRI applications: consider a bilinear parabolic PDE of the form

ż⋆ + H0(θ
⋆, z⋆) + C(q, z⋆) = H1θ

⋆,

where the state z⋆(t, x) is subject to the action of a control q(t, x) and
of an unknown time-independent parameter θ⋆(x). Assuming partial state
observations, we aim at reconstructing the parameter θ⋆.

To do so, we introduce an online reconstruction method in the spirit
of the works of Baumeister et al. and Kügler et al.: considering on time-
dependent state and parameter estimates z(t, x) and θ(t, x) evolving under
the combined action of observation-based numerical controls and of a care-
fully designed physical control q⋆(t, x), we prove their convergence towards
the true state and parameters.

25



The setting described above comprises a model based quantitative MRI
setting, where one seeks to reconstruct spin density and relaxation times in
the Bloch(-Torrey) equation with the pulse sequence as a control.

This research was funded in whole or in part by the Austrian Science
Fund (FWF) 10.55776/F100800, and is joint work with Barbara Kaltenbacher.

An explicit formula for the Benjamin–Ono
hierarchy with applications to traveling waves and

zero-dispersion limits

Jiao He

LMO, Université Paris-Saclay

MS 5

In this talk, we demonstrate how the Lax pair structure leads to a explicit
formula for the Benjamin-Ono Hierarchy on the line. We then present two
main applications of this formula. First, we obtain a complete classification
of traveling wave solutions for all higher-order flows within the hierarchy.
Second, we investigate the zero-dispersion limit of these flows and provide a
precise characterization of the limit as an alternating sum of branches. This
work is in collaboration with Patrick Gérard.

Approximation of Diffusion Exit Times from
Bounded Domains via a Rejection-Based Random

Walk

Samuel Herrmann

Université Bourgogne Europe, CNRS, IMB, Dijon

MS 4

First exit times of stochastic processes are fundamental in many appli-
cations. In mathematical finance, they are used to quantify default risk in
path-dependent derivatives; in neuroscience, they describe interspike inter-
val distributions. Diffusion processes, as solutions of stochastic differential
equations, form a central class of models, making the accurate approxima-
tion of their exit times a problem of broad interest.

We consider the multidimensional setting and study the numerical ap-
proximation of the first exit time τD of a d-dimensional diffusion process
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(Xt)t≥0 from a bounded, regular domain D. The process satisfies

dXt = ∇U(Xt, t), dt + dBt, X0 ∈ D,

where (Bt) is a d-dimensional Brownian motion and the drift term may
depend on both space and time. Our objective is to design an efficient
alternative to the classical Euler scheme, which requires small time steps to
ensure accuracy near the boundary.

In the Brownian case, the Random Walk on Spheres (WOS) algorithm
exploits isotropy to perform large spatial jumps, leading to a mean number
of steps proportional to | log(ε)|, where ε is the boundary layer parameter.
Extensions based on spheroids allow the joint approximation of exit position
and exit time.

We generalize this approach to multidimensional diffusion processes with
drift. The proposed method relies on an acceptance-rejection procedure ap-
plied to random walk trajectories and introduces truncated spheroids to
account for nonzero drift. This construction preserves the efficiency of large
spatial displacements while incorporating the effect of the drift term. The
performance of the algorithm is supported by theoretical results and illus-
trated through numerical experiments.

Variational fully discrete approximation schemes
for crowd motion and nonlinear diffusion

Anastasiia Hraivoronska

Institut Camille Jordan (ICJ) - Université Claude Bernard - Lyon I

MS 3

Many evolution equations arising in physics, biology, and social science
admit a variational formulation in the space of probability measures endowed
with the distance defined by an optimal transport problem. A crucial tool
for studying well-posedness of such equations is the iterative discrete-in-
time scheme called the JKO scheme (or the minimizing movement scheme).
In this talk, we will discuss a macroscopic crowd motion model, where the
approach with the JKO scheme is particularly meaningful due to the high
non-linearity and low regularity of the corresponding PDE. I will present a
natural fully-discrete approximation to the JKO scheme for nonlinear diffu-
sion equations and discuss the corresponding convergence results, with the
main focus on the crowd motion model.
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Qualitative theory for Hardy-Hénon equations
with quasilinear diffusion

Razvan Gabriel Iagar

Universidad Rey Juan Carlos, Madrid

MS 3

This talk is focused on the mathematical theory of the parabolic Hardy-
Hénon equation with degenerate diffusion

ut = ∆um + |x|σup, (x, t) ∈ RN × (0,∞),

in the range of exponents m > 1, p > 1 and max{−2,−N} < σ < 0.
The main difficulty in the analysis stems from the presence of the singular
coefficient of the source term, and the goal of this talk is to present and
discuss its influence. In particular, while the superlinear source induces
finite time blow-up when σ = 0, whatever the value of p > 1, at least for
sufficiently large initial conditions, a striking effect of the singular potential
|x|σ is the prevention of finite time blow-up for suitably small values of p,
namely,

1 < p ≤ pG :=
2 − σ(m− 1)

2
.

Well-posedness in optimal Lebesgue spaces for whatever value of p > 1 and
this global existence of any solution if 1 < p ≤ pG are obtained by employ-
ing the celebrated Caffarelli-Kohn-Nirenberg (CKN) inequalities. Another
interesting feature is that uniqueness and comparison principle hold true
for generic non-negative initial conditions when p > pG, but are restricted
to initial conditions which are positive in a neighborhood of x = 0 when
p ∈ (1, pG), since non-uniqueness holds true in the latter range without this
positivity assumption. We also give the large time behavior of solutions
as t → ∞ in the range p ∈ (1, pG) and discuss conditions for the alterna-
tive between finite time blow-up and global existence if p > pG, as well as
extensions and open problems related to Hardy-Hénon equations.

Joint work with Philippe Laurençot (Université de Savoie, Chambéry,
France).
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Structure-preserving time discretization for
data-calibrated contagion models

Soukaina Ibnou Kady

Maroc

Contributed talk

Les modèles compartimentaux sont utilisés pour décrire la propagation
dans un système. Souvent, les paramètres sont calibrés avec des données,
puis des simulations numériques analysent la dynamique. Mais le choix du
schéma de discrétisation du temps est rarement étudié, même s’il peut mod-
ifier les propriétés du modèle. Nous montrons que les méthodes classiques
peuvent produire des résultats irréalistes ou perdre leur positivité lorsqu’elles
sont combinées avec des données. Pour éviter cela, nous proposons une
discrétisation simple qui préserve la structure et les propriétés du modèle
continu. Nous analysons la stabilité du système discret et présentons des
simulations qui illustrent les avantages. Nos résultats soulignent l’importance
d’intégrer l’analyse numérique dans les simulations pilotées par les données.

Convection diffusion problems with non-integrable
initial data

Liviu Ignat

Universidad Autonoma de Madrid - Spain & Simion Stoilow Mathematical

Institute of the Romanian Academy, Bucharest

MS 3

In this talk we present some recent result about the long time behavior
of the solutions to the one-dimensional diffusion problem with nonlinear
convection

ut − uxx + (F (u))x = 0 in Q := (0,∞) × R, u(0) = u0 on R, (1)

where
F (u) := a |u|q−1u, a ∈ {±1}, q > 1, (2)

and u0 ∈ L∞(RN ) but not necessarily integrable. The prototype of the
initial data we have in mind is

u0(x) ≃ k±
|x|γ

, as x → ±∞, 0 < γ ≤ 1. (3)
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In contrast with the case of integrable data where critical exponent governing
the long time behaviour is q = 2, here qc = 1 + 1

γ . We obtain the main term
in the asymptotic expansion of the solutions for large time.

Vortex filament solutions for the Ginzburg-Landau
system in cylinders: symmetry and global

minimality

Radu Ignat

Institut de Mathématiques de Toulouse (IMT) - Université de Toulouse &

University of Cluj-Napoca

MS 3

We consider the Ginzburg-Landau energy Eε for RM -valued maps de-
fined in the cylinder domain BN×(0, 1) satisfying a degree-one vortex bound-
ary condition on ∂Bn × (0, 1) in dimensions M ≥ N ≥ 2. The aim is to
study the radial symmetry of global minimizers of this variational problem.
We prove the following: if N ≥ 7, then for every ε > 0, there exists a
unique global minimizer which is given by the non-escaping radially sym-
metric vortex filament solution uε(x, z) = (fϵ(|x|) x

|x| , 0RM−N ), ∀x ∈ Bn that

is invariant in z ∈ (0, 1). If 2 ≤ N ≤ 6 and M ≥ N + 1, the following
dichotomy occurs between escaping and non-escaping solutions: there exists
εN > 0 such that

• if ε ∈ (0, εN ), then every global minimizer is an escaping radially
symmetric vortex filament solution of the form Rũε where

ũε(x, z) = (f̃ε(|x|)
x

|x|
, 0RM−N−1 , gε(|x|))

is invariant in z-direction with gε > 0 in (0, 1) and R ∈ O(M) is an orthog-
onal transformation keeping invariant the space RN × {0RM−N };

• if ε ≥ εN , then the non-escaping radially symmetric vortex filament
solution uε(x, z) = (fε(|x|) x

|x| , 0RM−N ), ∀x ∈ BN , z ∈ (0, 1) is the unique
global minimizer; moreover, there are no bounded escaping solutions in this
case.

We also discuss the problem of vortex filament SM−1-valued harmonic
maps. This is a joint work with Mircea Rus (Cluj-Napoca, Romania).
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Inverse problems enriched by population data

Corrie James

Université Paris-Saclay, UVSQ, CNRS, Laboratoire de Mathématiques de

Versailles & Inria Paris, France

MS 1

Many inverse problems are studied in the context of individual-specific
frameworks. For example, given a certain patient’s data or the results from a
single experiment, unknown quantities, such as model parameters or bound-
ary conditions, might need to be estimated. However, the same kind of
measurements are often taken on groups of patients and experiments are
frequently performed multiple times under similar conditions. We assume
access to this collection of measurements, called population data. Though
our goal is still the resolution of an inverse problem for an individual set of
measurements or patient, we investigate to what extent knowing the pop-
ulation data can improve the resolution of the individual-specific inverse
problem. We will start by discussing a unique continuation problem for
a fluid modelled by the Stokes equations, in which the population is in-
corporated geometrically into the resolution. Then, we will finish with a
model correction and Bayesian parameter estimation method, in which the
population is integrated via its statistical information.

Skin friction and blood flow analysis in a narrow
artery having multiple stenoses

Sanjeev Kumar

Dr. B.R. Ambedkar University, Agra

Dept. of Mathematics IBS, Khandari Campus, Agra, India

Contributed talk

This work discusses the effects of blood flow parameters in narrow ar-
teries with multiple stenoses, where blood is modelled as a non- Newtonian
Kuang-Luo (K-L) fluid with no-slip conditions at the arterial wall. The
main properties of the K-L fluid model are that the plasma viscosity and
yield stress play a vital role. These parameters make this fluid remarkably
similar to blood; however, the flow characteristics change significantly when
we change these parameters. We have derived a numerical expression for
the blood flow characteristics, such as resistance to blood flow, blood flow
rate, axial velocity, and skin friction. These numerical expressions have been
solved using MATLAB 2021, and the results have been discussed graphically.
Furthermore, these results have been compared with Newtonian fluid, and
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observation was observed that resistance to blood flow and skin friction is
decreased when blood is changed from non-Newtonian to Newtonian fluid.

On quantitative properties of Griffith
quasi-minimizers

Camille Labourie

IECL

MS 3

Griffith quasiminimizers (in the sense of David and Semmes) are meant
to represent minimizers of Griffith-type energies with possibly highly irreg-
ular coefficients. I will present recent regularity results such as uniform
rectifiability, existence of espace curves, finiteness of traces and explain why
no stronger regularity property can hold for all such quasiminimizers.

Joint work with Antoine Lemenant, Lorenzo Lamberti, Yana Teplitskaya.

Fractional Gaussian and Stable randoms fields on
fractals

Céline Lacaux

Avignon University, LMA UPR 2151

MS 6

In this talk, we introduce fractional stable and Gaussian random fields
on the Sierpinski gasket in the sense of distributions. We first focus on
the existence of a density with respect to the Hausdorff measure. When
this density field exists, we study the smoothness of its sample paths. In
the Gaussian framework, such a field always admits a modification with
Hölder continuous sample paths. However, in the non-Gaussian framework,
its sample path can be unbounded almost surely. This density field also
satisfies some scaling and invariance properties.

This talk presents some joint works with Fabrice Baudoin (Aarhus Uni-
versity).
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Landscape of a nested regression

Antoine Lejay

Institut Elie Cartan de Lorraine & Inria, France

MS 4

A simple linear regression consists in finding the best matrix that related
the input data to the output data, using for example a least squares principle.
Seen as an optimization problem, finding the right matrix is straightforward
as the problem is convex with a unique minimum. If instead we replace this
matrix in the cost function by the product of two (or more matrices), the
loss’ landscape changes drastically. The solution is no longer unique, many
critical points are added. In this talk, we revisit the results from Baldi &
Hornik using a geometrical point of view, in order to understand the impact
on gradient algorithms. This could be seen as a toy model for dealing with
neural networks, where up to the non-linear activation function, a regression
is performed that includes the product of several matrices. From a joint work
with Lionel Lenotre (UHA, France) and Säıd Toubra (Institut Elie Cartan
de Lorraine & Inria, Nancy France).

Solutions faibles globales pour un modèle de
Navier-Stokes quantique dans l’espace entier avec

un potentiel confinant externe

Julien Lequeurre

Institut Élie Cartan de Lorraine, Université de Lorraine (IECL)

MS 5

Dans cet exposé, je considèrerai un fluide quantique dissipatif dans l’espace
entier Rd (avec d ≥ 1) confiné par un potentiel harmonique externe. La dy-
namique du fluide quantique est décrite par un modèle de Navier-Stokes
quantique (QNS) qui est un cas particulier de systèmes de type Navier-
Stokes-Korteweg. Je discuterai l’existence globale de solutions faibles pour
ce système QNS. Pour étudier ce système, j’écrirai les équations d’évolution
par rapport à une mesure gaussienne de référence et suivrai la stratégie
générale pour ce type de systèmes, stratégie dont j’expliquerai certaines
étapes selon le temps. Cet exposé repose sur un travail en collaboration
avec Jérémy Faupin (IECL) & Ingrid Lacroix-Violet (IECL).
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Proof mining in optimization

Laurenţiu Leuştean

University of Bucharest

MS 7

Proof mining is an area of mathematical logic concerned with the extrac-
tion of hidden quantitative and qualitative information from mathematical
proofs. This line of research was developed by Ulrich Kohlenbach in the
1990s. In this talk, we present recent applications of proof mining providing
effective uniform rates of asymptotic regularity for different Mann-type and
Halpern-type iterations. For some particular choices of the parameter se-
quences, we obtain linear or quadratic such rates. Asymptotic regularity is
a very important notion in nonlinear analysis and optimization introduced
by Browder and Petryshyn in the 1960s. This is joint work with Nicoleta
Dumitru and Paulo Firmino.

Mathematical models for flagellar activation
mechanisms

Jessie Levillain

CNES, Toulouse

MS 2

Many micro-swimmers in nature achieve locomotion via active appendages-
like organelles such as cilia or flagella, when moving inside fluids at a low
Reynolds number. In order to swim as efficiently as possible in viscous fluids,
these cilia and flagella all have a characteristic periodic motion. This motion
arises from a active internal structure that runs along the entire length of
the filament, known as the axoneme. Within the axoneme, forces are gen-
erated by molecular motors that act collectively to produce the filament’s
curvature.

After analyzing a first model for molecular motors, we will introduce
several formulations of coupled partial differential equation systems describ-
ing activation within a small periodicity cell. We then prove the presence
of a supercritical Hopf bifurcation in the system. Theoretical results will be
complemented by numerical simulations.

Joint work with François Alouges, Aline Lefebvre-Lepo, Antonio Desi-
mone and Irene Anello.
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Spectral optimization for plates under tension

Romeo Leylekian

University of Lisbon, Portugal

MS 7

We address the problem of minimizing the first eigenvalue and maxi-
mizing the torsional rigidity for a family of fourth-order operators which
are intermediate between the Laplacian and the bilaplacian, with Dirichlet
boundary conditions. While the Faber–Krahn inequality shows that balls
minimize the first eigenvalue of the Laplacian in any dimension, the ana-
logue for the bilaplacian has been proved only in dimensions 2 and 3. The
intermediate situation is therefore of particular significance. We present a
Szegő-type result stating that, for a domain whose first eigenfunction has
fixed sign, the first eigenvalue is greater than or equal to that of a ball
with the same volume. For the torsional rigidity, we show, without any sign
assumption, that balls maximize the torsional rigidity in any dimension.

Online Statistical Inference in Stochastic
Algorithms via Recursive Estimation of the

Inverse Hessian

Wei Lu

Institut Élie Cartan de Lorraine

MS 4

Stochastic algorithms are widely used for large-scale optimization due to
their computational efficiency. In addition to estimating the minimizer of an
objective function, statistical inference requires estimating the asymptotic
covariance matrix of the obtained estimator in order to construct confidence
intervals. In this work, we propose a direct recursive estimation of the
inverse Hessian matrix based on a Robbins-Monro procedure, which leads
to a novel recursive method for estimating the asymptotic covariance matrix.
The proposed approach reduces computational complexity while achieving
faster convergence rates compared to existing methods.
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Concentration limit for non-local dissipative
convection-diffusion kernels on the hyperbolic

space

Dragoş Manea

Université Politehnica de Bucarest, Roumanie & IMAR - Bucharest &

Universitatea din Bucureşti (UB)

MS 3

We study a non-local, non-linear convection-diffusion equation on the
N -dimensional hyperbolic space, governed by two kernels, one for each of
the diffusion and convection parts. One main novelty is the construction
of the non-symmetric convection kernel defined on the tangent bundle and
invariant under the geodesic flow. Next, we consider the relaxation of this
model to a local problem, as the kernels get concentrated near the origin
of each tangent space. Under some regularity and integrability conditions,
we prove that the solution of the concentrated non-local problem converges
to that of the local convection-diffusion equation. For this purpose, we
prove and then use a compactness tool on manifolds inspired by the work
of Bourgain, Brezis and Mironescu.

Existence theorems for rigid nonlinearly elastic
plates

Cristinel Mardare

Sorbone Université

MS 5

A plate is rigid if its admissible displacement fields inducing vanishing
two-dimensional strain tensors must vanish. We prove that the nonlinear
model of Kirchhoff-Love of a rigid plate has a solution for any applied forces
and boundary conditions. Then we give sufficient conditions on the data
ensuring the rigidity of the plate. This result substantially generalize an
existence theorem by Rabier whereby the plate is assumed to be clamped
on its entire boundary.
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Machine Learning and Stochastic Algorithms for
Singular Dynamics with applications in
Mathematical Physics in the context of

Schramm-Loewner Evolutions

Vlad Margarint

University of North Carolina Charlotte, USA

MS 4

Schramm-Loewner Evolutions are a family of random fractal curves
which are the scaling limits of various interfaces of Planar Statistical Physics
models. They are constructed using the Loewner Differential Equation start-
ing from a singularity. Thus, when studying these objects one is led to nat-
urally consider stochastic algorithms for singular dynamics (the usual Lips-
chitz assumption on the vector fields does not hold in this case). This makes
these problems both challenging and interesting! I will give an overview of
our work in this direction going through our algorithms and methods to
work with the singular Loewner dynamics. I will also discuss how Neu-
ral Networks trained with these algorithms behave in learning the natural
parameters of these models. I aim to cover the Deep Learning case and
beyond. These are joint works with T. Lyons, J. Foster, J. Chen and N.
Shrotri. More at https://margarintvlad.com/

New developments at the interface between
Random Matrix Theory and Schramm-Loewner

Evolutions

Vlad Margarint

University of North Carolina Charlotte, USA

MS 6

In the first part of the talk, I aim to describe a newly introduced toolbox
that connects two areas of Probability Theory: Schramm-Loewner Evolu-
tions (SLE) and Random Matrix Theory (RMT). This machinery opens
new avenues of research that allow the use of techniques from one field to
another. One feature of this direction of research consists of studying the
Multiple SLE via a very important tool and studied in RMT, the resolvent
of random matrices. The nicer dynamics in the matrix space provides an
alternative to the singular driver dynamics of SLE theory. I will describe
some first applications of our method along with some recent developments
in this direction. More at https://margarintvlad.com/
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Willmore energy and umbilic points

Nicolas Marque

IECL, Nancy

MS 3

The Willmore energy is (almost) a classical conformal invariant linked
to the conformal or renormalized volume. Its critical points are called Will-
more surfaces and can be understood as elastic surfaces generalizing minimal
surfaces, and studied through a conformal tool called the conformal Gauss
map Y . This application into a de Sitter space offers a natural link between
harmonic surfaces in a Lorentz context and Willmore surfaces, and allows
one to turn many non linear aspects of Willmore studies, into Lorentzian
linear ones, with one key issues: it breaks down at umbilic points. The study
of these points then becomes necessary and goes through a Gauss-Bonnet
formula for Y .

On Some General Linear Diffusions and Their
Local Time Approximation

Sara Mazzonetto

Université de Lorraine, Institut Élie Cartan de Lorraine

MS 4

We consider a class of one-dimensional diffusion processes whose dynam-
ics are perturbed by the presence of a point interface that is either partially
reflective (skew) or sticky. The nature of this interface is characterized by
skewness and stickiness parameters.

We describe these processes and their main properties, and study dis-
crete approximations of their local time, focusing on the rate of convergence
and the limiting distribution. We also investigate the impact of these ap-
proximations on the estimation of the skewness and stickiness parameters
when a single trajectory of the process is observed at discrete times.

This talk is partially based on joint works with A. Anagnostakis and
with A. Lejay.
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Spectral gaps for linearized water waves above a
small periodic bottom

Matthieu Ménard

Institut de Mathématiques de Jussieu-Paris Rive Gauche, Université Paris Cité

MS 5

We consider the movement of the free surface of a two-dimensional fluid
over a variable bottom. We assume that the bottom has a periodic profile
and we study the water wave system linearized near equilibrium. The latter
reduces to a spectral problem for the Dirichlet-Neumann operator in a fluid
domain with a periodic bottom and a flat surface elevation. We show that,
generically, the spectrum consists of a series of bands separated by spec-
tral gaps which are zones of forbidden energies. This is a joint work with
Christophe Lacave and Catherine Sulem.

Waveguide model for shear wave elastography of
the cornea

Giulia Merlini

CERMICS, ENPC

MS 2

This work addresses the mathematical modelling of elastic wave propaga-
tion within the cornea. The underlying application is the detection through
shear wave elastographic measurements of pathologies associated to changes
in the biomechanical properties of the cornea, such as glaucoma and kerato-
conus. Supported by experimental evidence of guided wave propagation in
exvivo cornea, we model the tissue as an incompressible homogeneous elas-
tic plate with finite thickness. Under plane strain and harmonic plane wave
assumptions, the problem becomes one-dimensional over the finite thickness
of the plate. We derive a well-posed variational formulation for incompress-
ible guided waves. Computing dispersion curves and modal profiles leads to
a non-linear eigenvalue problem, whose mass and stiffness matrices can be
computed explicitly with Legendre polynomials.

A key feature of this framework is that fluid-structure interaction at the
posterior surface can be easily incorporated, modelling the fluid as acoustic
and purely incompressible, with transmission conditions at the boundary.
Numerical results show that the presence of the fluid strongly affects the
modal profiles through the thickness and decreases the propagation speed
of the first modes, especially at high-frequency. Finally, anisotropy is in-
troduced to account for the layered collagen microstructure of the cornea.
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Results are consistent with numerical simulations of a 3D anisotropic model
of the cornea entailed with a complex description of collagen structure, pro-
viding physical interpretation and insights of simulations.

Time-based air traffic trajectory model and
optimisation

Radu-Adrian Mihai

National University of Science and Technology POLITEHNICA Bucharest

MS 7

The aim of this project is to optimise flight trajectories for multiple air-
craft confined to a specific two-dimensional airspace. The trajectories are
generated according to Visual Flight Rules (VFR), meaning that navigation
is based on the visual determination of the aircraft’s position relative to sur-
rounding landmarks that are well-known both to the controller and pilots.
In our model, these points are fixed within the airspace described by a polyg-
onal line. During navigation, aeroplanes are guided towards several points
in the airspace, and the air traffic controller is able to instruct the aircraft
to head directly to any point at any time. The problem is formulated as a
continuous-time nonlinear programming (NLP) problem, where trajectories
are represented as sequences of straight- line segments directed towards se-
lected waypoints. This structure induces a constrained yet continuous state
space, capturing the operational flexi- bility of VFR navigation while lim-
iting the control authority to waypoint selection. The objective functional
combines trajectory length minimisation with penalty terms encoding oper-
ational and safety requirements. Instead of imposing hard constraints, vio-
lations such as boundary incursions, ob- stacle proximity, and inter-aircraft
separation are incorporated as smooth penalties, preserving continuity of
the state space and improving numeri- cal tractability. The formulation
accounts for circular obstacle avoidance, confinement within the polygonal
airspace, and collision avoidance between aircraft, all enforced through these
penalisation terms. Due to the inherently nonconvex nature of the resulting
optimisation problem, gradient-based methods are employed in conjunction
with the ADAM optimiser to efficiently navigate the solution space. To fur-
ther improve com- putational efficiency, a multi-stage hybrid optimisation
strategy is adopted, combining coarse initialisation with successive refine-
ment steps. This ap- proach reduces sensitivity to local minima while en-
abling fast convergence to feasible solutions in a complex and highly coupled
environment.

Joint work with Dragoş Manea and Mihai Bucataru.
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Cost-Effectiveness and Optimal Control Analysis
of an SIR-P Model for Rodent-Transmitted

Diseases

Mahmoud Moustafa

Onaizah Colleges, Arabie Saoudite

Contributed talk

Rodent populations in agricultural environments serve as critical reser-
voirs for zoonotic diseases, posing significant risks to food security and pub-
lic health. Transmission in these settings is complex, occurring through
both direct rodent-to-rodent contact and indirect exposure to environmen-
tal contamination. In this paper, we formulate and analyze a determinis-
tic SIR-P model that integrates rodent population dynamics with an envi-
ronmental pathogen compartment. To identify resource-efficient mitigation
policies, we develop an optimal control framework incorporating three time-
dependent interventions: contact prevention, environmental sanitation, and
treatment. Applying Pontryagin’s Maximum Principle, we derive the Hamil-
tonian, the adjoint system, and the characterization of the optimal controls,
subsequently solving the optimality system using a forward-backward sweep
algorithm. We evaluate the epidemiological impact and economic viability
of seven distinct intervention strategies using the Average Cost-Effectiveness
Ratio (ACER) and the Incremental Cost-Effectiveness Ratio (ICER). Nu-
merical simulations demonstrate that while the full combination of controls
yields the maximum reduction in infection, the prevention-only strategy
emerges as the most economically attractive option under restricted budgets.
These findings suggest that prioritizing contact-reduction measures provides
the most cost-effective basis for disease management, while integrated san-
itation and treatment should be scaled based on resource availability. This
study provides a quantitative framework that may assist agricultural stake-
holders in developing resource-efficient control policies.

Modélisation multi-échelle des mouvements
collectifs cellulaires: impact de l’apoptose sur la

dynamique

Laurent Navoret

IRMA (Institut de Recherche Mathématique Avancée ) & Inria, Srtrasbourg

MS 2

Au cours de la morphogenèse, des centaines de cellules effectuent des
mouvements à grande échelle, et les facteurs de régulation biologiques ou
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mécaniques impliqués restent mal compris. En particulier, l’apoptose, c’est-
à-dire la mort spontanée des cellules, joue un rôle ambigu dans ces dy-
namiques. Afin de mieux cerner son impact, nous proposons tout d’abord
un modèle microscopique de type Vicsek, combinant l’alignement habituel
des polarités avec la réorientation de celles-ci à proximité des cellules apopto-
tiques. Des simulations numériques nous permettent de mettre en évidence
l’influence de l’apoptose dans des situations de congestion. À travers une de-
scription statistique de la dynamique, nous proposons ensuite la dérivation
de modèles de type fluide (Self-Organized Hydrodynamics) sous différents
régimes de paramètres, permettant une meilleure compréhension du proces-
sus.

Ce travail a été mené en collaboration avec Roxana Sublet, Marcela
Szopos et en étroite coopération avec tous les autres participants du projet
ANR Mapeflu.

Observability of the wave equation under higher
order finite difference discretizations

Ana-Maria Oriţă

Laboratoire de Mathématiques Blaise Pascal, Université Clermont Auvergne

MS 1

This presentation concerns uniform observability for spatial semi-
discretizations of the one-dimensional wave equation and the Euler-Bernoulli
beam equation obtained using high-order compact finite-difference schemes.
While these schemes provide higher-order accuracy compared to standard
discretizations, they do not fundamentally resolve the difficulties caused
by high-frequency modes, which remain poorly observable as the mesh is
refined. This phenomenon has important implications for the numerical
control and monitoring of wave propagation in discrete systems.

We show that uniform observability can be restored by filtering out the
high-frequency components of the discrete solutions. The analysis combines
explicit expressions for the eigenvalues and eigenvectors of the discretization
matrices with a discrete multiplier method and an application of Ingham’s
inequality. The results highlight both the limitations of high-order schemes
and the effectiveness of frequency filtering in ensuring uniform observability.
This work is joint with Nicolae Cindea and Ionel Roventa.
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SQP without QP

Titus Pinta

ENSTA Paris

MS 7

When applying first-order optimality conditions to a constrained prob-
lem, one is searching for a root of the gradient of the Lagrangian. Newton’s
method is the classical superlinearly convergent method for root finding, but
unfortunately the Hessian of the Lagrangian is not nonsingular in general,
so inverting it requires solving a quadratic program, which yields the Se-
quential Quadratic Programming algorithm. The computational difficulty
of this approach lies in the solution of the quadratic subproblems. In order
to avoid this cost, we propose an alternative approach based on replacing
quadratic programs with a simple iterative linear equation solver. The pro-
posed algorithm relies on a splitting scheme, which first produces an affine
approximation of the constraints and then uses an unconstrained Newton
method to optimize the objective over this lower-dimensional space.

Regularity and breaking the curse of
dimensionality for Dirichlet boundary problems

via stochastic representations

Ionel Popescu

University of Bucharest

Simion Stoilow Institute of Mathematics, Romanian Academy, Bucharest

MS 1

We will show two main results about the Dirichlet boundary problem.
The first one is global Holder regularity all the way upt to boundary with
a nice control of the Holder exponent. The second one is how one can
break the curs of dimensionality using the walk on spheres to construct
approximations of the solutions which are proven to converge in uniform
norm to the solution. This approximation can be easily be turned into
a neural network approximation. This is joint work with L. Beznea, I.
Ĉımpean, O. Lupascu and A. Zarnescu.
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Intermittent solutions of the stationary 2D surface
quasi-geostrophic equation

Alexandru Radu

Simion Stoilow Institute of Mathematics (IMAR) - Bucharest

MS 5

In this paper we construct non-trivial solutions to the stationary dissipa-
tive surface quasi-geostrophic equation on the two dimensional torus which
lie strictly below the critical regularity threshold of Ḣ−1/2(T2). Specifically,
for any α < 1/2 and any dissipation exponent 0 < γ ≤ 2 we construct
non-trivial solutions such that

u, θ ∈ Ḃα−1
∞,∞(T2) ∩ Ḃα−1

2,2 (T2).

Due to the fact our solutions do not lie in Ḣ−1/2(T2), this requires reinter-
preting the notion of a solution. This leads us to formulate the notion of
a weak paraproduct solution for the stationary SQG equation. The main
new ingredient is the incorporation of intermittency into the construction of
the solutions. This allows us to demonstrate non-trivial integrability results
for certain fractional derivatives of our solutions. In particular, for highly
intermittent solutions, we are able to conclude for every 1 ≤ p < 4/3 we can
construct u and θ lying in Lp(T2).

On regularization for the elliptic Cauchy problem

Rareş Răhăian

Tiberiu Popoviciu Institute of Numerical Analysis, Romanian Academy

Babeş-Bolyai University, Cluj-Napoca, Romania

MS 1

The elliptic Cauchy problem is a classical example of a severely ill-posed
inverse problem, in which the solution of an elliptic PDE must be recon-
structed from incomplete and noisy boundary data. In this talk, we con-
sider regularization approaches formulated as PDE-constrained optimiza-
tion problems, where the weak form of the constraint is enforced through a
Lagrange multiplier. Building on well-posedness results for the associated
saddle-point system, we focus on the setting in which the unknown boundary
data is assumed to belong to a finite-dimensional space, as arises naturally
in some applications. We examine how this structural assumption interacts
with the regularization framework and affects stability. We also explore the
incorporation of data-driven priors and investigate their potential to further
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improve reconstruction. Numerical experiments are presented to illustrate
the approaches. Joint work with Mihai Nechita.

Sharp Hardy-Rellich inequalities with distance
function to the boundary

Teodor Rugina

University of Bucharest & ISMMA (Romanian Academy)

MS 5

In this talk, we present generalisations to the Lp−setting, p > 1, of the
Hardy-Rellich inequalities on domains of RN with singularity given by the
distance function to the boundary. The inequalities we obtain are either
sharp or give a new bound for the sharp constant, while also depending on
the geometric properties of the domain and its boundary. We also present
some applications to the existence and non-existence of non-trivial solutions
for a singular problem involving the p−Bilaplacian operator. This is a joint
work with Cristian Cazacu.

Segregated solutions of a degenerate
cross-diffusion system with drifts

Simon Schulz

Laboratoire de Mathématiques de Versailles, Université de Versailles

Saint-Quentin

MS 5

We prove the global existence of segregated weak solutions of a one-
dimensional degenerate cross-diffusion system with independent drifts, which
is endowed with a Wasserstein gradient flow structure. We argue by a La-
grangian formulation written in terms of the (pseudo-)inverse for the cumu-
lative mass function of the sum of the species, which we solve by a Minimising
Movement Scheme in the setting of L2 ∩ BVloc. This Lagrangian problem
gives rise to a parabolic PDE similar to a p-Laplace equation, with typical
range p ∈ (−∞, 1). We employ monotonicity methods à la Minty-Browder
to obtain strong convergence and pass to the limit τ → 0 in the time-step
of the discrete scheme. Our contribution simultaneously treats all porous
medium degeneracies, the log-entropy, and fast diffusions of index α ∈ (13 , 1).
This is joint work with Filippo Santambrogio.
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Non-local transport distances for point processes

Hanna Stange

University of Münster

MS 6

We introduce a new class of non-local transport distances on the space of
point processes, tailored to the analysis of Papangelou point processes. We
study the induced geometry and show that the gradient flow of the relative
entropy with respect to a Papangelou point process is the natural spatial
birth-and-death process. Moreover, we establish new functional inequali-
ties, such as a Log-Sobolev inequality, and derive synthetic Ricci curvature
bounds. Based on joint work with Matthias Erbar and Martin Huesmann.

Branching Lévy-Cox Point Processes

Radu S. Stoica

Université de Lorraine, CNRS, IECL, Inria, Nancy

MS 6

Spatial point processes with branching structures arise naturally in many
applications where events generate further events in space, such as biolog-
ical growth, particle systems, or seismic activity. In this talk we introduce
a class of spatial models called Lévy-driven branching Cox processes, which
extend classical Lévy-based Cox point processes by incorporating an explicit
branching mechanism.
In this framework, the initial generation of ancestors is driven by a Lévy ba-
sis, while the spatial distribution of descendants evolves through a branching
kernel that can generate multiple generations of points. This construction
leads to spatial point processes with complex dependence structures that go
beyond the standard clustering models.
We derive analytical expressions for summary characteristics of the model,
including higher-order product densities, the intensity function, and the pair
correlation function. Because these quantities become increasingly complex
in the presence of branching dynamics, we further propose an alternative
characterization based on Choquet capacity functionals. This representa-
tion provides a tractable way to describe the probabilistic structure of the
entire branching process.
The proposed framework contributes to the development of statistical mod-
els for spatial point patterns exhibiting hierarchical or generative structures,
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and it opens new perspectives for statistical inference in applications involv-
ing spatial branching phenomena.
The presented results are joint work with L. Beznea (Simion Stoilow Insti-
tute of Mathematics of the Romanian Academy) and O. Lupascu - Stamate
(Gheorghe Mihoc – Caius Iacob Institute of Mathematical Statistics and
Applied Mathematics).

Programming with Chebfun. Case study:
Richards equation

Nicolae Suciu

Tiberiu Popoviciu Institute of Numerical Analysis, Romanian Academy,

Cluj-Napoca, Romania

MS 1

The Chebfun software system is a Matlab extension essentially based
on representations of (piece-wise) smooth one-variable functions by expan-
sions in Chebyshev polynomials. One of Chebfun’s attractive features is the
ability to provide solutions to nonlinear boundary value problems (BVP)
with accuracy close to the machine precision. This is done by the ’chebop’
class which provides automatic solutions by performing linearizations with a
Newton method in function spaces of the nonlinear BVP, automatic differen-
tiation, and using Fast Fourier Transform computations for the coefficients
of the Chebyshev polynomials. A drawback of chebop automatic approach
is the possible lack of convergence of the Newton method if the initial guess
is not close enough to the exact solution. An explicit functional lineariza-
tion done for each particular shape of the differential operator (i.e. without
automatic differentiation) proves to be more robust than the chebop class
and allows an enlargement of the range of convergence. Another alternative
is the implicit L-scheme (quasi-Newton approach with derivatives replaced
by suitable positive constants L), with a much simpler implementation and
globally convergent. While chebop is the easiest way to solve the BVP, pro-
vided that it converges, the last two approaches largely overcome the con-
vergence issues, yielding accurate solutions to a wide class of steady-state
one-dimensional problems governed by Richards’ equation. Chebfun2 and
Chebfun3, which at the current stage cannot solve BVPs, provide efficient
tools for accuracy and convergence assessments of the non-steady solutions
in one or two spatial dimensions obtained by classical discretization schemes.
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Model order reduction and sensitivity analysis for
complex ocular simulations

Marcela Szopos

Université Paris Cité, France

MS 1

Understanding the behavior of the human eye is challenging due to the
complex interactions between various physical phenomena, such as heat
transfer, fluid dynamics, and tissue deformation. Although medical data
can offer valuable insights into ocular physiopathology, the available infor-
mation can be scarce and noisy. Moreover, in experimental studies, multiple
factors come into play and it is difficult to isolate the contributions of in-
dividual mechanisms. Therefore, developing a robust and accurate digital
twin for ocular applications can enhance our understanding of this complex
system, by integrating governing mechanisms and data variability.

This talk presents our ongoing efforts in this direction, focusing on the
thermo-fluid dynamics governing aqueous humor flow in the anterior and
posterior chambers and its coupling with heat transfer throughout the eye-
ball. Our methodology involves developing a comprehensive mathematical
and computational model based on the finite element method, rigorously
validated against experimental data and numerical studies. To facilitate
real-time feedback, we derived a reliable reduced-order model using the cer-
tified reduced basis method. We performed forward uncertainty quantifica-
tion studies with the reduced model, utilizing experimental based stochastic
inputs, and conducted global sensitivity analysis to address variability and
noise. We will illustrate these developments, discuss their applications, and
address the remaining challenges, including inverse problems and parameter
identification.

The presentation is based on a joint work with Thomas Saigre (In-
ria, Strasbourg), Vincent Chabannes (Cemosis, Univ. de Strasbourg) and
Christophe Prud’homme (Cemosis, Univ. de Strasbourg).
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Convergence rates for the moment-SoS hierarchy

Matteo Tacchi-Bénard

GIPSA- Modelling and Optimal Decision for Uncertain Systems
Institut des sciences informatiques et de leurs interactions

CNRS Sciences informatique

MS 4

Since the early 2000s, real algebraic geometry found a new application in
the momentSoS hierarchy, a framework that leverages Putinar’s Positivstel-
lensatz to solve generalized moment problems (GMP). This methodology
was first applied to polynomial optimization, before finding new applications
in optimal control, volume computation, option pricing, stability analysis,
study of stochastic processes, solving PDEs and super resolution, to name a
few. The moment-SoS hierarchy relies on positivity certificates, that consist
in polynomial sums of squares of bounded degree. Finding the maximum
degree bound required to certify positivity of a given polynomial has been
an important research topic, to which a recent contribution, namely the
Effective Putinar Positivstellensatz, provided a promising answer. Based
on this, it is possible to compute the convergence rate of the moment-SoS
hierarchy, depending on the considered GMP instance. In this talk, I will
explain this new Effective Putinar Positivstellensatz, and illustrate its ap-
plication to computing the convergence rate of some key applications of the
moment-SoS hierarchy.

Keywords: nonconvex optimization, SoS programming, convex embed-
dings, Borel measures, real algebraic geometry

Large time behavior for a system rigid
body/viscous compressible fluid

Takéo Takahashi

Institut Élie Cartan de Lorraine & Centre Inria de l’Université de Lorraine

MS 5

In this talk, I will present recent results obtained in collaboration with
Debayan Maity regarding the interaction between a rigid body and a viscous
compressible fluid in an exterior domain. Our analysis focuses on the exis-
tence of strong solutions and their asymptotic behavior. By combining an
appropriate change of variables with Lp − Lq decay estimates, we establish
the global well-posedness of the coupled system for small initial data. A key
feature of our study is the description of the long-term dynamics: we prove
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that both fluid and solid velocities vanish as t → ∞, and that the rigid body
reaches a specific final position.

Sorted L-One Penalized Estimation

Patrick Tardivel

Université Bourgogne Europe, CNRS, IMB, Dijon

MS 4

The SLOPE estimator has the distinctive property of producing both
zero-valued components (sparsity) and components with equal absolute val-
ues (grouping). The number of grouping clusters depends on the estimator’s
regularization parameter. This parameter can be chosen as a compromise
between obtaining an interpretable estimator (by selecting a small number
of grouping clusters) and an accurate one (with low prediction error). Find-
ing such a compromise requires computing the solution path, that is, the
function linking the regularization parameter to the SLOPE estimator.

During this presentation, I will discuss several theoretical results con-
cerning the SLOPE solution path, introduce a numerical method for com-
puting this path, and illustrate the method on a real-world dataset.

This presentation is based on a joint paper with Xavier Dupuis, available
online at: https://proceedings.mlr.press/v238/dupuis24a.html

On the stability of the Abrikosov lattice in the
Lowest Landau Level

Laurent Thomann

IECL

MS 5

We study the Lowest Landau Level equation set on simply and doubly-
periodic domains (in other words, rectangles and strips with appropriate
boundary conditions). To begin with, we study well-posedness and establish
the existence of stationary solutions. Then we investigate the linear stability
of the lattice solution and prove it is stable for the (hexagonal) Abrikosov
lattice, but unstable for rectangular lattices. We also mention some recent
results on the LLL equation posed on the complex space. This is a joint
work with Pierre Germain and Valentin Schwinte.
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Densities of Hermite processes

Ciprian Tudor

Université de Lille, France

MS 4

The Hermite processes are self-similar processes with stationary incre-
ments. The class of Hermite processes includes the fractional Brownian
motion which is the only Gaussian Hermite process. By using Malliavin
calculus, we explore the existence and the regularity of the density of a the
finite-dimensional distributions of Hermite processes.

Poisson Line Tessellations on Regular Trees

Jeroen van Haastert

Ruhr-Universität-Bochum

MS6

We consider a Poisson process on the set of lines (bi-infinite geodesics) of
the infinite 3-regular tree, as introduced by Blanc (2025), and the random
forest obtained by deleting these lines from the tree. This model can be
viewed as a discrete analogue of the Poisson line tessellations in hyperbolic
space.

We study the geometry of the zero cell and the typical cell in the subcrit-
ical, critical, and supercritical regimes. Our main result is a central limit
theorem for the number of connected components (cells) inside a ball of
radius r in the 3-regular tree as r → ∞.

Skew-symmetric schemes for robust SDE sampling

Giorgos Vasdekis

School of Mathematics, Statistics and Physics, Newcastle University, U.K.

MS 4

We propose a new simple and explicit numerical scheme for time- ho-
mogeneous stochastic differential equations (SDEs), focusing on the case
where the drift does not satisfy the Lipschitz property. The scheme is based
on sampling increments at each time step from a skew-symmetric proba-
bility distribution, with the level of skewness determined by the drift and
volatility of the underlying process. We show that as the step-size decreases
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the scheme converges weakly to the SDE of interest. We then consider the
problem of simulating from the limiting distribution of an ergodic SDE using
the numerical scheme with a fixed step-size. We establish conditions under
which the numerical scheme converges to equilibrium at a geometric rate,
and quantify the bias between the equilibrium distributions of the scheme
and of the true diffusion process. Our results are supported via numerical
simulations, which indicate that the schemes possess a robustness property
with respect to different step-sizes. This is joint work with Y. Iguchi, S.
Livingstone, N. Nusken and R. Zhang.

Sobolev imbeddings in Musielak spaces

Ahmed Youssfi

Sidi Mohamed Ben Abdallah University, National School of Applied Sciences -

Fez, Maroc

Contributed talk

We consider the functional framework of Musielak spaces defined upon
Musielak functions on bounded domains in RN . Under some structural as-
sumptions on the underlying Musielak functions, we extablish some Sobolev-
type imbeddings extending thses already known either for classical Sobolev
spaces, Orlicz spaces and variable Lebesque spaces.
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