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Project-Team ASCII
Creation of the Project-Team: 2019 November 01

Each year, Inria research teams publish an Activity Report presenting their work and results over the reporting
period. These reports follow a common structure, with some optional sections depending on the specific
team. They typically begin by outlining the overall objectives and research programme, including the main
research themes, goals, and methodological approaches. They also describe the application domains targeted
by the team, highlighting the scientific or societal contexts in which their work is situated. The reports
then present the highlights of the year, covering major scientific achievements, software developments,
or teaching contributions. When relevant, they include sections on software, platforms, and open data,
detailing the tools developed and how they are shared. A substantial part is dedicated to new results, where
scientific contributions are described in detail, often with subsections specifying participants and associated
keywords. Finally, the Activity Report addresses funding, contracts, partnerships, and collaborations at
various levels, from industrial agreements to international cooperations. It also covers dissemination and
teaching activities, such as participation in scientific events, outreach, and supervision. The document
concludes with a presentation of scientific production, including major publications and those produced
during the year.
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1 Team members, visitors, external collaborators
Research Scientists

• Carl Graham [Team leader, CNRS, Researcher, HDR]

• Quentin Cormier [INRIA, Researcher]

• Denis Talay [INRIA, Emeritus, HDR]

Faculty Member
• Josselin Garnier [ECOLE POLY PALAISEAU, Professor]

PhD Students
• Nils Bailie [CEA]

• Paul Castéras [CEA]

• Samuel Chan-Ashing [Université Paris-Dauphine]

• Fatima-Zahrae El-Boukkouri [AMX]

• Natacha Guegan-Fau [Fondation de l’X]

• David Iagaru [DLR]

• Ugo Labbé [CIFRE Michelin]

• Sofia Suárez Casabiell [Bourse ministérielle]

• Thomas Wasik [ANR]

• Mouad Yachouti [Chaire Risk]

Technical Staff
• Nicolas Baradel [INRIA, Engineer]

• Maxime Colomb [INRIA, Engineer]

Administrative Assistants
• Bahar Carabetta [INRIA, from Dec 2025]

• Amandine Sainsard [INRIA, until Nov 2025]

2 Overall objectives
The ASCII team investigates stochastic systems of interacting particles, notably such systems which behave as
a collection of agents striving to cooperate intelligently in order to achieve common goals by solving complex
optimisation problems. Target applicative fields include energy production, neuroscience, communication
networks, and epidemiology.

The team pursues the modelisation of relevant phenomena, the mathematical analysis of the resulting
models, and the rigorous development and calibration of effective simulation and numerical methods for the
quantitative evaluation of pertinent quantities in order to draw applicable conclusions.

Our innovative approach raises many challenges. The models are complex and often are non-Markovian
and exhibit singularities. Appropriate new mathematical and numerical tools, both stochastic and deterministic,
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have to be developed, such as non-standard stochastic control and optimization methods coupled with specific
calibration techniques. We combine techniques from varied mathematical fields such as stochastic analysis,
partial differential equations, numerical probability, optimization, and stochastic control.

3 Research program

Stochastic particle systems with singular interactions constitute one of our main fields of study. We notably
investigate mean-field convergence, the nonlinear limits, the convergence rates, as well as suitable simulatable
discretizations of the limits. An important challenge is to simulate complex, singular, and large-scale
McKean-Vlasov particle systems and limiting stochastic partial differential equations, with an emphasis on
the detection of numerical instabilities and of potential large approximation errors. The determination of
blow-up times is also a major issue for spectrum approximation and criticality problems, e.g., in neutron
transport theory, neuroscience, and Keller-Segel models for chemotaxis.

Quantitiative reliability assessment for power generation systems or subsystems is another important
target of our research. For such studies of complex systems, standard Monte Carlo methods are inefficient
due to the necessity to evaluate with precision the probabilites of rare events such as catastrophic failures.
We thus have developed refined rare event simulation algorithms, e.g., based on particle filter methods, and
have combined these with suitable variance reduction methods. This allows us to implement efficient and
precise Monte Carlo simulation methods.

Our research program on interacting agents concerns various types of networks. Devising optimal
regulation procedures in such complex stochastic environments is an important and difficult challenge. In
the situations we are interested in, the agents often do not compete but on the contrary cooperate in their
regulation. Here are some examples: control of cancer therapies, neuroscience, bacteria interaction in
Keller-Segel chemotaxis models, distributed control for planning problems, and distributed algorithms for
telecomunication network management.

The varied mathematical tools required to analyse adequately stochastic agent systems depend on
the network type and the final objectives. These may for instance include propagation of chaos theory,
neuroscience, queueing theory, large deviation theory, ergodic theory, population dynamics, and partial
differential equation analysis, respectively in order to determine mean-field limits, spike train distributions,
congestion rates, failure probabilities, equilibrium measures, evolution dynamics, and macroscopic regimes.

To develop an example, recent neuron network models consider diverse populations of neurons and set
up stochastic time evolutions of the membrane potential of every neuron in a way which depends on the
populations states. When the total number of neurons tends to infinity with a fixed number of populations
and fixed interaction intensities between individuals in different populations, mean-field limits and Gaussian
fluctuation theorems have been proved. However, to the best of our knowledge, no theoretical analysis is
available on interconnected networks of networks with different populations of interacting individuals which
naturally arise in biology. We aim to study the effects of interconnections between sub-networks resulting
from individual and local connections. Of course, the problem needs to be posed in terms of the geometry of
the large network and of the scales between connectivity intensities and network sizes.

We also investigate risk assessment for networks, with power production or distribution systems as an
important target application. Each network is constituted of a large number of inter-connected components,
each of which can be in a normal state or in a failure state. Each component may also internally exhibit
mean-field interactions and a cooperative behavior. The models may also take into account the diversity of
elementary components and complex interactions such as hierarchical ones. An important goal is to evaluate
with precision the probability of overall failure of the system. For this, we notably need to model the intrinsic
stability of each component, the strength of external random perturbations to the system, and the degree
of inter-connectedness or cooperation between the components. Individual components of the system are
often calibrated to withstand fluctuations in demand by load sharing mechanisms, but this may increase the
probability of overall failure.
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4 Application domains
Our short and mid-term potential industrial impact concerns in particular energy market regulation, power
production, power distribution, and nuclear plant maintenance. It more generally concerns all industrial
sectors in which massive stochastic simulations at nano-scales are becoming unavoidable and certified results
are necessary notably in order to assess and manage risk.

From a more scientific perspective, we aim to have impact in cell biology, neuroscience, and communication
networks, notably by using applied mathematics tools at the crossroads of stochastic integration theory,
optimization and control, partial differential equation analysis, and stochastic numerical methods.

A long-term ongoing program is the development of an agent-based simulation tool for the spread
of epidemics on numerical twins of large territorial zones furnished with statistically conform synthetic
populations of individuals moving between their hourly activities. The goal is to allow health agencies to
evaluate qualitatively and, better, quantitatively the spatial and temporal effects of varied sanitary actions
during actual epidemics in order to enable them to take educated decisions based on solid figures on hospital
ward occupation, mortality, economic costs, social costs, etc. This program has taken a huge step forward by
being included in the very recently launched national numerical twin program "Jumeau numérique de la
France et de ses térritoires" (IGN, Cerema, Inria).

5 Social and environmental responsibility

5.1 Footprint of research activities
Classic footprint for researchers: massive computer runs and travel for international conferences and
cooperations.

5.2 Impact of research results
The research is useful for the risk assessment and managment of global interlocked economic instances and
actors in varied industrial, economic, and societal settings.

We have evaluated in particular failure probabilities of complex power production plants as well as of
mechanical structures subjected to seismic tremors for seismic surveillance purposes, and the progressive
deformation of fuel assemblies in the core of nuclear reactors due to fluid–structure interaction and intense
irradiation.

We have obtained advanced results on the digital twins of large urban zones furnished with statistically
valid synthetic populations moving according to individual hourly activity agendas. We are developping
agent-based models for varied epidemics spreading on these twins through contagion between individuals.
We thus aim to provide evaluation tools for health deciders for the impact of varied sanitary measures on the
spread of the epidemic as well as on the economy and on social structures. We are part of the numerical twin
program of France and its territories "Jumeau numérique de la France et de ses territoires" (IGN, Cerema,
Inria), the only component retained on the topic of epidemiology. The twins we develop can be used for
other purposes such as urban planning, transportation management, or natural disaster management.

6 Highlights of the year
In collaboration with J. Perret (IGN) we have continued to develop the epidemic propagation simulator ICI.
Let us describe a few important advances obtained.

We have performed the back-testing of the simulated Covid-19 epidemy in Paris by using real data
collected during the total confinement period. The results obtained are quite satisfying and allow us to
validate the complex ICI simulation model.

We have obtained advanced results on the digital twins of large urban and non-urban zones furnished with
statistically valid building land-use and synthetic populations in movement according to individual-based
hourly activity agendas. We are developping agent-based models for varied epidemics spreading on these
twins through contagion between individuals.
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We are now part of the numerical twin program of France and its territories "Jumeau numérique de la
France et de ses térritoires" (IGN, Cerema, Inria), the only component retained on the topic of epidemiology.
The numerical twins that we obtain can be used for varied purposes such as urban planning, transportation
management, or natural disaster management

7 Latest software developments, platforms, open data

7.1 New platforms
7.1.1 The ICI epidemic propagation simulation platform

Participants: Maxime Colomb, Quentin Cormier, Josselin Garnier, Carl Graham,
Denis Talay.

In 2020, Denis Talay launched the ICI project, a collaboration between Inria and IGN that he coordinates.
This project aims to provide a platform to simulate an individual-based model of epidemic propagation
on a finely represented large geoographic environment. Statistical studies of the simulation results aim to
better understand the epidemy propagation and to compare in silico the performances of varied public health
strategies to control it, notably in terms of health benefits versus economic costs.

Maxime Colomb (Inria-IGN research engineer) and Nicolas Gilet (Inria research engineer) have been the
main developers of the code of a prototype. Nicolas has left us in December 2022 for a permanent postion at
CEA. Maxime has obtained a permanent postion at IGN starting January 1, 2026, and will continue to work
with ASCII as an external collaborator on this simulation platform and more generally on the numerical twin
of France and its territories (Jumeau numérique de la France et de ses territoires).

All permanent members of ASCII are collaborating on the modeling and algorithmic issues of ICI.
Quentin Cormier has directly helped optimize the code in order for it to be scalable to larger and larger
geographic regions. The following researchers also are contributing to this project:

• CRESS (Inserm, Hôtel-Dieu hospital, Paris-Centre University): Profs. Isabelle Boutron, Raphaël
Porcher, Philippe Ravaud, Viet-Thi Tran.

• IGN: Julien Perret.

• Inria: Aline Carneiro Viana (TriBE), Razvan Stanica (INSA-Lyon and Agora), Milica Tomasevic
(CNRS, École Polytechnique, and Merge).

• EPFL (Switzerland): Prof. Laura Grigori.

The prototype couples a variety of models in order to construct a digital twin of a geographical area and
launch agent-based simulations of epidemic spreads on it:

• A precise model of the area of interest and its building land-use is constructed using fine scale data
bases.

• Synthetic populations are generated in the area by crossing socio-economic data bases and are
statistically representative of the real populations.

• Spatial evolutions of the individuals are modeled in accordance with data bases furnished, e.g, by
transport and mobile communication companies.

• Contamination events between individuals interacting during their evolutions at specific places (offices,
apartments, restaurants, shops, etc.) are then modeled.

The geographic model is built from multiple geographic sources such as IGN, INSEE, OpenStreetMap,
and Local authority open data portals. In order to write an article in an international journal, ground truth
data gathering have been conducted in order to evaluate the realism of the model.
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A three-layered synthetic population is generated in order to represent housing and to populate it by
households composed of individuals. Multiple characteristics are added in order to allow to represent the
living conditions and inner household interactions of the population. Shops and activities are generated by
matching multi-sourced data which allow to enrich information about each amenity such as opening hours
and surface.

We simulate the socio-professional structures and hourly trips of the population using probability laws
related to the urban space (probability of going out, going to work, shopping, etc.) and to social characteristics
(age, job, etc.). Multiple Markov chains are constructed and calibrated for various geographical and
socio-demographic profiles using precise values from global surveys. Micro-spatialization of travel objectives
are realized using mobile phone data.

In addition, person-to-person contamination is modeled between individuals located in the same space at
the same time using transmission probability laws specific to each individual’s characteristics, parameterized
by the distance between a healthy and a contagious individual as well as by the contact duration.

Since the model is stochastic, obtaining accurate and robust statistics on the evolution of the epidemic
requires to simulate firstly a large number of independent socio-professional structures within a given urban
area and then, for each population, a large number of realizations of daily trips and contaminations.

Therefore, the simulation of a very large number of occurences covering all parameters of the model
requires high performance computing (HPC). The code is written in the Julia language and is currently
parallelized using the SLURM resource manager. The ICI project has obtained 4 millions CPU hours from
DARI/GENCI which can be used on the CEA cluster Irene-Rome (up to 300 000 CPU cores) in order to
launch simulations for a large panel of epidemiological parameters and sanitary policies. In addition, we use
the OpenMole platform to run, diagnose and explore our numerical model.

Maxime Colomb and Nicolas Gilet have developed a website describing the ICI project and model. They
have developed a user interface by including the back-end of the application on an Inria web server and
building an automatic pipeline between the interface and the server in order to display all the results of
the simulations to the user. From this it is possible to study the effect of health policies on the epidemic
propagation by displaying the main epidemic indicators computed by the model.

Several parts of this project have been presented in various scientific events such as NetMob 2025,
Journées de la recherche de l’IGN 2024, SocSimFest 2023, GT Échelle, Health GIS: Spatial Thinking in
Applied Research (STAR).

We are part of the Mobidec PEPR which aims to create toolboxes for various transportation simulations.
The creation of spatialized schedules for well-described individuals should benefit from the knowledge of the
various research programs involved in this PEPR. This part of the ICI project should then become available
for multiple usages through the Mobidec toolbox.

At the moment, the ICI simulations have been applied to the whole of Paris for epidemics which propagate
by means of aerosols such as Covid.

In Fall 2024 ICI was selected as one of the priority projects of the “Digital Twin of France” national
initiative launched by Inria, IGN and Cerema. The objective now is to build an epidemic numerical simulation
platform which concerns various French areas (Île de France, rural communities, middle sized cities, etc.)
and varied epidemics.

The main originality of the project consists in aiming to provide accurate statistical informations which
are differentially computed for various geographic areas with variable size, various groups of individuals
categorised by age, socio-professional status, place of residence, etc. The computation of all these statistical
indicators takes into account the characteristics of the epidemics under consideration: infectiousness,
transmission, mode, incubation period, etc.

The statistical informations deduced from the ICI simulations will allow the health authorities to
objectively compare future effects and risks of various potential strategies to control future epidemics, to
determine optimal strategies in terms of territories and groups of individuals, to anticipate the supply of care
at local or national level, to help determine the relevant sets of data to be collected in order to develop precise
epidemic simulations, etc.

During an epidemic crisis, the ICI platform should also provide spatially localised informations which
might usefully complete the global predictions deduced in real time from macroscopic models such as the
SEIR compartmental model and its variants.

The ICI application to the “Digital Twin of France” program was supported by the French Agency for
Health Innovation (AIS), the General Directorate for Healthcare Provision (DGOS) and the the General
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Directorate of Health (DGS) at the Ministry of Health, the Ile de France regional health agence (ARS) and by
the ANRS Emerging infectious diseases. These institutions are helping the ICI team to define the priority
objectives and deliverables of the project.

Latest developments ASCI has continued the development of the epidemic propagation simulator ICI in
collaboration with Julien Perret (IGN), and notably:

• Has back-tested the simulations performed for the Covid-19 epidemic in the Paris arrondissements
using real data collected during the total confinement period. The results are quite satisfying and allow
to validate the ICI simulation model.

• Has obtained advanced results on the twins of large urban and non-urban zones furnished with
statistically valid synthetic populations set in movement according to their individual activity agenda
with an hourly precision. ASCII is currently developping agent-based models for various epidemics
spreading on these twins through contagion between individuals.

• Is now part of the numerical twin program of France and its territories “Jumeau numérique de la France
et de ses térritoires” (IGN, Cerema, Inria), the only component retained on the topic of epidemiology.
The numerical twins obtained can be used for many other purposes, such as urban planning.

Web sites The ICI platform is described at https://ici.saclay.inria.fr, with some analyses of its results at
https://ici.saclay.inria.fr/dist

7.1.2 Our contribution to the PyCATSHOO toolbox

Participants: Josselin Garnier.

Our second topical activity concerns the PyCATSHOO toolbox developed by EDF which allows the
modeling of dynamical hybrid systems such as nuclear power plants or dams. Hybrid systems mix two kinds
of behaviour. First, the discrete and stochastic behaviour which is in general due to failures and repairs of the
system’s constituents. Second, the continuous and deterministic physical phenomena which evolve inside the
system.

PyCATSHOO is based on the theoretical framework of Piecewise Deterministic Markov Processes
(PDMPs). It implements this framework thanks to distributed hybrid stochastic automata and object-oriented
modeling. It is written in C++. Both Python and C++ APIs are available. These APIs can be used either
to model specific systems or for generic modelling i.e. for the creation of libraries of component models.
Within PyCATSHOO special methods can be developed.

J. Garnier is contributing, and will continue to contribute, to this toolbox within joint Cifre programs
with EdF. The PhD theses are aimed to add new functionalities to the platform. For instance, an importance
sampling with cross entropy method

8 New results
8.1 Modeling, analysis, and simulation of cooperative stochastic systems

Participants: Quentin Cormier, Carl Graham, Denis Talay, Nicolas Baradel,
Samuel Chan-Ashing.

On The Cutoff Phenomenon For Dyson-Laguerre Processes
In [22], Samuel Chan-Ashing studied the convergence to equilibrium in high dimensions, focusing

on explicit bounds on mixing times and the emergence of the cutoff phenomenon for Dyson-Laguerre
processes. These are interacting particle systems with non-constant diffusion coefficients, arising naturally in
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the context of sample covariance matrices. The infinitesimal generator of the process admits generalized
Laguerre orthogonal polynomials as eigenfunctions. His analysis relies on several distances and divergences,
including an intrinsic Wasserstein distance adapted to the non-Euclidean geometry of the process. Within
this framework, he employed tools from Riemannian geometry and functional inequalities. In particular, he
established exponential decay and derived a regularization inequality for the intrinsic Wasserstein distance
via comparison with relative entropy.

Kuramoto Mean Field Game with Intrinsic Frequencies
In [20], as part of the CIRCUS associated team between the ASCII team and Princeton University, René

Carmona, Quentin Cormier and Mete Soner have been working on the Kuramoto mean-field game problem.
This mean-field game model captures the diversity within the population by considering random intrinsic
frequencies, which allows to study the impact of this heterogeneity on synchronization patterns and stability.
Our findings contribute insights into the interplay between intrinsic frequency diversity and synchronization
dynamics, offering a more realistic understanding of complex systems. The proposed framework has broad
applications ranging from coupled oscillators in physics to social dynamics, and serves as a valuable tool for
studying networks with distributed intrinsic frequencies.

Long time behavior of particle systems and their mean-field limit
Quentin Cormier has studied the long time behavior of a family of McKean-Vlasov stochastic differential

equations. He has given conditions ensuring the local stability of an invariant probability measure. The
criterion involves the location of the roots of an explicit holomorphic function associated to the dynamics.
When all the roots lie on the left-half plane, local stability holds and convergence is proven in Wasserstein
norms. The optimal rate of convergence is provided. This method is then applied to study a large class of
models of interacting particles on the torus, see [7]. This is published in Annales de l’Institut Henri Poincaré.

A stochastic numerical method for the parabolic-parabolic Keller-Segel system
The parabolic-parabolic Keller-Segel model is a set of equations that model the process of cell movement.

It takes into account the evolution of different chemical components that can aid, hinder or change the
direction of movement, a process called chemotaxis.

In collaboration with Radu Maftei (who is a past Inria post-doc student), Milica Tomasevic (CNRS,
CMAP, Ecole Polytechnique and Inria MERGE) and Denis Talay have continued to analyse the numerical
performances of a stochastic particle numerical method for the parabolic-parabolic Keller-Segel model. They
also propose and test various algorithmic improvements to the method in order to substantially decrease its
execution time without altering its global accuracy.

Communication networks and their algorithms
Carl Graham studies communication networks and the algorithms used to manage efficiently their

resources in real-time in a distributed and cooperative fashion. For instance, load balancing algorithms (LBA)
strive to avoid server idleness and queue build-up, and are the topic of a lively example-based litterature.

Carl Graham has rigorously defined a wide class of LBA on symmetrical Markovian queueing networks
for which he has devised perfect simulation methods. The state space is infinite, and the methods use
dominated coupling from the past. The dominating process is a network with uniform routing in a coupling
preserving a preorder related to the increasing convex order. The use of a preorder is novel in this context.
This allows performance evaluation in equilibrium of any LBA in the class using Monte Carlo estimation.

Carl Graham is working to extend this study to assymmetrical Markovian queueing networks. In this
context it is even unclear how to define LBAs in a tractable and useful way.

8.2 Uncertainty quantification, wave propagation in random media, inverse problems,
risk assessment, stochastic numerics

Participants: Josselin Garnier, and students and collaborators.

Uncertainty quantification using a Bayesian network approach to surrogate modeling
Quantifying the uncertainties associated with the resolution of an inverse problem is crucial for decision-

making. A conservative uncertainty quantification procedure is possible by solving a Bayesian inverse
problem with the help of statistical surrogate models but generally leads to large uncertainties due to the
surrogate models’ errors. In [11] P. Lartaud, P. Humbert, and J. Garnier develop two methods for robust
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uncertainty quantification based on the resolution of Bayesian inverse problems. These methods are applied
to neutron and gamma noise analysis, which is a predominant technique for fissile matter identification with
passive methods. They show that the uncertainties can be reduced by including information on gamma
correlations. The investigation of a joint analysis of the neutron and gamma observations is also conducted
with the help of active learning strategies to fine-tune surrogate models.

Wave propagation in random media
In [10] J. Garnier and B. Lal Sharma study the propagation of surface waves across structured surfaces

with random, localized inhomogeneities. A discrete analogue of the Gurtin–Murdoch model is employed,
and surface elasticity, in contrast to bulk elasticity, is captured by distinct point masses and elastic constants
for nearest-neighbor interactions parallel to the surface. Expressions for the surface wave reflectance and
transmittance, as well as the radiative loss, are provided for every localized patch of point mass perturbation
on the surface. As the main result in the article, the statistics of surface wave reflectance and transmittance
and the radiative loss are obtained for an ensemble of random mass perturbations, independent and identically
distributed with mean zero, on the surface.

Waves propagating through weakly disordered smooth linear media undergo a universal phenomenon
called branched flow. Branched flow has been observed and studied experimentally in various systems
by considering coherent waves. Recent experiments have reported the observation of optical branched
flow by using an incoherent light source, thus revealing the key role of coherent phase-sensitive effects
in the development of incoherent branched flow. By considering the paraxial wave equation as a generic
representative model, J. Garnier, A. Picozzi, and T. Torrez elaborate a stochastic theory of both coherent
and incoherent branched flow in [9]. Closed-form equations that determine the evolution of the intensity
correlation function are derived, as well as the value and the propagation distance of the maximum of the
scintillation index, which characterize the dynamical formation of incoherent branched flow. Accurate
numerical simulations are found in quantitative agreement with the theory without free parameters. The
developed theory highlights the important impact of coherence and interference on branched flow, thereby
providing a framework for exploring branched flow in nonlinear media, in relation to the formation of freak
waves in oceans. This paper was awarded "Editors’ Suggestion" by the journal Physical Review Letters.

In [8] M. Ferraro et al. review recent theoretical and experimental advances on complex light propagation
in nonlinear multimode fibers. Using wave turbulence theory, they derive kinetic equations describing
out-of-equilibrium optical thermalization toward the Rayleigh–Jeans equilibrium. This framework explains
beam self-cleaning (BSC) in graded-index fibers, where increasing input power transforms a speckled
beam into a bell-shaped output dominated by the fundamental mode, while higher-order modes persist
due to turbulence cascades and conserved quantities. They analyze the impact of random refractive-index
fluctuations and show that weak disorder can enhance BSC by accelerating thermalization and condensation,
as described by kinetic equations including random mode coupling. Even in regimes where strong disorder
dominates over nonlinearity, out-of-equilibrium condensation and thermalization can still occur. The theory
is validated by numerical simulations of the generalized nonlinear Schrödinger equation and supported by
experiments demonstrating entropy growth, limits to peak-power scaling in multimode fiber lasers, and modal
phase-locking accompanying BSC, which explains spatial coherence preservation and motivates further
theoretical extensions.

Reduced order modeling for full waveform inversion
Waveform inversion seeks to estimate an inaccessible heterogeneous medium from data gathered by

sensors that emit probing signals and measure the generated waves. It is an inverse problem for a second
order wave equation or a first order hyperbolic system, with the sensor excitation modeled as a forcing term
and the heterogeneous medium described by unknown, spatially variable coefficients. The traditional “full
waveform inversion" (FWI) formulation estimates the unknown coefficients via minimization of the nonlinear,
least squares data fitting objective function. For typical band-limited and high frequency data, this objective
function has spurious local minima near and far from the true coefficients. Thus, FWI implemented with
gradient based optimization algorithms may fail, even for good initial guesses. Recently, it was shown that it
is possible to obtain a better behaved objective function for wave speed estimation, using data driven reduced
order models (ROMs) that capture the propagation of pressure waves, governed by the classic second order
wave equation. In [6] L. Borcea, J. Garnier, A. V. Mamonov, and J. Zimmerling introduce ROMs for vectorial
waves, satisfying a general first order hyperbolic system. The ROMs are defined via Galerkin projection
on the space spanned by the wave snapshots, evaluated on a uniform time grid with appropriately chosen
time step. The ROMs are data driven, and computed in an efficient and noniterative manner, from the sensor
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measurements, without knowledge of the medium and the snapshots. The ROM computation applies to any
linear waves in lossless and nondispersive media. For the inverse problem we focus on acoustic waves in
a medium with unknown variable wave speed and density. It is shown that these can be determined via
minimization of an objective function that uses a ROM based approximation of the vectorial wave field inside
the inaccessible medium. The performance of the resulting inversion approach is assessed with numerical
simulations and compared to FWI.

Risk and failure assesments
Seismic fragility curves are key quantities of interest for Seismic Probabilistic Risk Assessment studies.

They express the probability of failure of a mechanical structure of interest conditional to a scalar value
derived from the ground motion signal coined Intensity Measure. In the literature, Bayesian approaches have
emerged to enable their estimation within the difficult context of limited data availability. Yet, the log-normal
modeling over which most of them are based requires the use of computationally expensive Markov chain
Monte Carlo methods for providing Bayesian estimators. In [14] A. Van Biesbroeck, C. Gauchy, C. Feau,
and J. Garnier propose an efficient modeling for the estimation of fragility curves in the Bayesian context,
based on a low fidelity model of the structure’s response to the ground motion signal and an objective prior.
The analytical expression of the modeling allows fast generation of estimates. Also, the representative bias
arisen by the modeling choice is handled with a judicious design of experiments methodology. Finally, the
proposed method is evaluated on a real case study, and the results highlight its efficiency and its ability to
robustly overcome any bias when coupled with the design of experiments we propose.

In the core of nuclear reactors, fluid–structure interaction and intense irradiation lead to progressive
deformation of fuel assemblies. When this deformation is significant, it can lead to additional costs and longer
fuel unloading and reloading operations. Therefore, it is preferable to adopt a fuel management that avoids
excessive deformation and interactions between fuel assemblies. However, the prediction of deformation
and interactions between fuel assemblies is uncertain. Uncertainties affect neutronics, thermohydraulics
and thermomechanics parameters. Indeed, the initial uncertainties are propagated over several successive
power cycles of twelve months each through the coupling of non-linear, nested and multidimensional
thermal–hydraulic and thermomechanical simulations. In [5] A. Abboud, S. de Lambert, J. Garnier, B.
Leturcq, and N. Lamorte set out to study the hydraulic contribution and quantify the associated uncertainty.
To achieve this objective, a multi-stage approach to carry out an initial sensitivity analysis is developed,
highlighting the most influential parameters in the hydraulic model. By optimally adjusting these parameters,
a more accurate description of the flow redistribution phenomenon in the reactor core is obtained. The
aim of the sensitivity analysis is to construct an accurate and suitable surrogate model that represents
the in-core lateral hydraulic forces in a given state. This surrogate model could then be coupled with a
thermomechanical model to quantify the final uncertainty in the simulation of fuel assembly bow within a
pressurized water reactor. This approach provides a better understanding of the interactions between hydraulic
and thermomechanical phenomena, thereby improving the reliability and accuracy of the simulation results.

Numerical simulation, computational physics and machine learning
Numerical simulation is widely used to predict the behavior of physical systems, with Bayesian approaches

being particularly well suited for this purpose. However, experimental observations are necessary to calibrate
certain simulator parameters for the prediction. In [12] C. Sire, J. Garnier, B. Kerleguer, C. Durantin, G.
Defaux, and G. Perrin use a multi-output simulator to predict all its outputs, including those that have never
been experimentally observed. This situation is referred to as the transposition context. To accurately quantify
the discrepancy between model outputs and real data in this context, conventional methods cannot be applied,
and the Bayesian calibration must be augmented by incorporating a joint model error across all outputs. To
achieve this, the proposed method is to consider additional input parameters within a hierarchical Bayesian
model, which includes hyperparameters for the prior distribution of the calibration variables. This approach
is applied to a computer code with three outputs that models the Taylor cylinder impact test with a small
number of observations. The outputs are considered as the observed variables one at a time, to work with
three different transposition situations. The proposed method is compared with other approaches that embed
model errors to demonstrate the significance of the hierarchical formulation.

In computational physics, machine learning has now emerged as a powerful complementary tool to
explore efficiently candidate designs in engineering studies. Outputs in such supervised problems are signals
defined on meshes, and a natural question is the extension of general scalar output regression models to
such complex outputs. Changes between input geometries in terms of both size and adjacency structure in
particular make this transition non-trivial. In [21] R. Carpintero Perez, S. Da Veiga, J. Garnier, and B. Staber
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propose an innovative strategy for Gaussian process regression where inputs are large and sparse graphs
with continuous node attributes and outputs are signals defined on the nodes of the associated inputs. The
methodology relies on the combination of regularized optimal transport, dimension reduction techniques,
and the use of Gaussian processes indexed by graphs. In addition to enabling signal prediction, the main
point of the proposal is to come with confidence intervals on node values, which is crucial for uncertainty
quantification and active learning. Numerical experiments highlight the efficiency of the method to solve real
problems in fluid dynamics and solid mechanics.

Designing algorithms for solving high-dimensional Bayesian inverse problems directly in infinite-
dimensional function spaces — in which such problems are naturally formulated — is crucial to ensure
stability and convergence as the discretization of the underlying problem is refined. In [16] L. Baldassari, J.
Garnier, K. Sølna, and M. V. de Hoop contribute to this line of work by analyzing a widely used sampler for
linear inverse problems: Langevin dynamics driven by score-based generative models (SGMs) acting as
priors, formulated directly in function space. Building on the theoretical framework for SGMs in Hilbert
spaces, they give a rigorous definition of this sampler in the infinite-dimensional setting and derive, for the
first time, error estimates that explicitly depend on the approximation error of the score. As a consequence,
they obtain sufficient conditions for global convergence in Kullback–Leibler divergence on the underlying
function space. Preventing numerical instabilities requires preconditioning of the Langevin algorithm and
they prove the existence and the form of an optimal preconditioner. The preconditioner depends on both the
score error and the forward operator and guarantees a uniform convergence rate across all posterior modes.
The analysis applies to both Gaussian and a general class of non-Gaussian priors. This paper was selected as
a “Spotlight" at NEURIPS 2025 conference.

8.3 Artificial intelligence (AI) for finance

Participants: Nicolas Baradel.

In incomplete financial markets, there is not a unique no-arbitrage price or hedge for European options.
This fact is due to the presence of unhedgeable risks.

We propose in [18] a constrained deep learning method striving to find option prices and hedging
strategies that keep the Profit and Loss (P&L) distribution as close to zero as possible. A single neural
network represents the option price, with its gradient providing the hedging strategy. The network is trained
with a loss that enforces the self-financing condition. In order to handle non-smooth or even discontinuous
payoffs (vanilla calls, digital options, exotics,etc.), we compare standard (unconstrained) networks with
constrained architectures that explicitly incorporate the terminal payoff condition.

The numerical application uses two tradable assets: the underlying and a liquid call option that captures
volatility. Numerical tests on simple non-smooth options, the exotic Equinox option, and jump scenarios
show that constrained networks produce better (tighter) P&L distributions than unconstrained networks.

9 Bilateral contracts and grants with industry

9.1 CIROQUO Research & Industry Consortium

Participants: Josselin Garnier.

Several Inria teams, including ASCII, are involved in the CIROQUO Research & Industry Consortium –
Consortium Industrie Recherche pour l’Optimisation et la QUantification d’incertitude pour les données
Onéreuses – (Industry Research Consortium for the Optimization and QUantification of Uncertainty for
Onerous Data). Josselin Garnier is the Inria Saclay representative on the steering committee.

The principle of this Consortium is to bring together academic and technological research partners to
solve problems related to the exploitation of numerical simulators, such as code transposition (how to go from
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small to large scale when only small-scale simulations are possible), taking into account the uncertainties
that affect the result of the simulation, validation and calibration (how to validate and calibrate a computer
code from collected experimental data).

This project is the result of a simple observation: industries using computer codes are often confronted
with similar problems during the exploitation of these codes, even if their fields of application are very diverse.
Indeed, the increase in the availability of computing cores is counterbalanced by the growing complexity of
the simulations, whose computational times are usually of the order of an hour or a day. In practice, this
limits the number of simulations. This is why the development of mathematical methods to make the best
use of simulators and the data they produce is a source of progress. The experience acquired over the last
thirteen years in the DICE and ReDICE projects and the OQUAIDO Chair shows that the formalization of
real industrial problems often gives rise to first-rate theoretical problems that can feed scientific and technical
advances.

The creation of the CIROQUO Research & Industry Consortium, led by the Ecole Centrale de Lyon and
co-animated with the IFPEN, follows these observations and responds to a desire for collaboration between
technological research partners and academics in order to meet the challenges of exploiting large computing
codes.

Scientific approach. The limitation of the number of calls to simulators implies that some information –
even the most basic information such as the mean value, the influence of a variable or the minimum value
of a criterion – cannot be obtained directly by the usual methods. The international scientific community,
structured around computer experiments and uncertainty quantification, took up this problem more than
twenty years ago, but a large number of problems remain open. On the academic level, this is a dynamic field
which is notably the subject of the French CNRS Research Group MascotNum since 2006 and renewed in
2020.

Composition. The CIROQUO Research & Industry Consortium aims to bring together a limited number
of participants in order to make joint progress on test cases from the industrial world and on the upstream
research that their treatment requires. The overall approach that it will focus on is metamodeling and related
areas such as experiment planning, optimization, inversion and calibration. IRSN, STORENGY, CEA,
IFPEN, and BRGM are the Technological Research Partners and Mines Saint-Etienne, Centrale Lyon, CNRS,
UCA, UPS, UT3 and Inria the Academic Partners of the consortium.

Scientific objectives. On the practical level, the expected impacts of the project are a concretization of
the progress of numerical simulation by a better use of computational time, which allows the determination
of better solutions and associated uncertainties. On the theoretical level, this project will allow to create an
emulation around the major scientific locks of the discipline such as code transposition/calibration/validation,
modeling for complex environments, or stochastic codes. In each of these scientific axes, a particular attention
will be paid to large dimensions. Real problems sometimes involve several tens or hundreds of inputs.
Methodological advances will be proposed to take into account this additional difficulty. The work expected
from the consortium differs from the dominant research in machine learning by specificities linked to the
exploration of expensive numerical simulations. However, it seems important to build bridges between the
many recent developments in machine learning and the field of numerical simulation.

Philosophy. The CIROQUO Research & Industry Consortium is a scientific collaboration project aiming
to mobilize means to achieve methodological advances. The project promotes cross-fertilization between
partners coming from different backgrounds but confronted with problems related to a common methodology.
Its main goals are:

• The development of exchanges between technological research partners and academic partners on
issues, practices and solutions through periodic scientific meetings and collaborative work, particularly
through the co-supervision of students,

• The contribution of common scientific skills thanks to regular training in mathematics and computer
science,

• The recognition of the Consortium at the highest level thanks to publications in international journals
and the diffusion of free reference software.
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Extension. CIROQUO was supposed to end in December 2024, but has been extended for four years
under the same terms. New partners are included, in particular, EDF (Électricité de France) and Michelin.
Within the consortium, a new CIFRE thesis started in November 2025, co-advised by Josselin Garnier
(ASCII) and Mickael Binois (Inria Sophia Antipolis in the Acumes project-team).

9.2 Collaboration with EdF on industrial risks
This collaboration has been going on for several years, with Josselin Garnier as the leader for ASCII. It
concerns the assessment of the reliability of hydraulic and nuclear power plants built and operated by EDF
(Électricité de France). The failure of a power plant may have major consequences, such as floods, dam
failures, or core meltdowns. For regulatory and safety reasons EDF must ensure that the probability of failure
of a power plant is suitably small.

The failure of such systems occurs when the values of certain physical variables (temperature, pressure,
water level) exceed some critical thresholds. Typically, these variables enter this critical region when several
components of the system are deteriorated. Therefore, in order to estimate the probability of system failure, it
is necessary to model jointly the behavior of the components and of the physical variables.

For this purpose, a model based on Piecewise Deterministic Markovian Piecewise Processes (PDMP) is
devised and used. The platform called PYCATSHOO has been developed by EDF in order to simulate this
type of process. This platform allows to estimate the probability of failure of the system by Monte Carlo
simulation as long as the probability of failure is not too low. When the probability becomes too low, the
classical Monte Carlo estimation method requires a very large number of simulations in order to estimate the
probabilities of such rare events, and is much too slow to be used in our context. It is then necessary to use
methods using fewer simulations to estimate the probability of system failure, such as variance reduction
methods. Among the variance reduction methods are “importance sampling” and “splitting” methods, but
these methods present difficulties when used with PDMPs.

This had first lead to the defense of a CIFRE thesis by Thomas Galtier in 2019. It was followed by a
CIFRE thesis by Guillaume Chennetier, defended on September 24, 2024, after which he moved to a postdoc
position at Ecole des Ponts. In his thesis Guillaume has proposed new methods for estimating rare event
probabilities for PDMPs, which offer the flexibility needed to represent complex dynamic industrial systems.
The industrial challenge was to enable the tool PyCATSHOO, used by EDF for its probabilistic safety
assessment studies, to efficiently estimate the failure probability of such systems with guaranteed accuracy.
Guillaume has proposed a theoretical framework for implementing importance sampling of PDMPs, and has
highlighted the connection between the optimal biased distribution and the so-called “committor function" of
the process. Using tools from reliability analysis and the theory of random walks on graphs, new families
of approximations of the committor function were introduced in the thesis. The proposed methodology
is adaptive: an approximation of the committor function is constructed a priori and then refined during
the simulations of a cross-entropy procedure. The simulations are then recycled to produce an importance
sampling estimator of the target probability. Convergence results have been obtained, making it possible
to overcome the dependence between simulations and to construct asymptotic confidence intervals. The
method produced excellent results on the tested industrial systems. Theoretical articles have been written and
submitted to journals.

9.3 Fondation NATIXIS

Participants: Nicolas Baradel.

The Fondation Natixis is funding a two year contract of Nicolas Baradel as a research engineer for ASCII,
running from May 1, 2023 to April 30, 2025. Nicolas is performing theoretical and numerical studies on the
general theme of artificial inteligence (AI) for finance. See 8.3 for some details.

10 Partnerships and cooperations
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Participants: Quentin Cormier, Josselin Garnier.

10.1 International research visitors
10.1.1 Visits of international scientists

Laurent Mertz from City University of Hong Kong and Mathieu Lauriere from NYU Shanghai have visited
Josselin Garnier in December 2025. The goal was to work on mean-field approaches for interacting particle
systems, in particular in order to solve inverse problems and enable parameter identification.

10.1.2 Visits to international teams

Josselin Garnier was invited for two weeks at Columbia University in April 2025. He delivered a colloquium
and a seminar at the Mathematics Departement and at the Applied Mathematics and Applied Phsyics
Departement.

Josselin Garnier is a Distinguished Visiting Professor at City University of Hong Kong. He visited the
Mathematics Departement at CityU in May and in November 2025. He delivered two colloquia and several
seminars at CityU, ChineseU and HKUST.

10.2 National initiatives
Quentin Cormier visited Julien Tugaut at Université Jean Monnet (UJM, Saint-Étienne). They work together
on the long time behavior of some McKean-Vlasov equations.

Participants: Quentin Cormier, Josselin Garnier, Carl Graham, Denis Talay,
Maxime Colomb.

11 Dissemination
11.1 Promoting scientific activities
11.1.1 Scientific events: organisation

Josselin Garnier has organized two workshops in 2025:

1. Conference Waves and Imaging in Complex Media - WiCoM 2025, June 10–13, 2025, in Paris
(Fondation Del Ducas). There were twenty-two invited speakers and around fifty participants. See
https://wicom.sciencesconf.org/

2. Workshop on Stochastic Models of Complex Systems, Nov 29-30, 2025, at City University of Hong
Kong (co-organized with L. Mertz). There were thirteen invited speakers and around sixty participants.
See https://www.cityu.edu.hk/rcms/smcsc2025/

11.1.2 Journal

Member of the editorial boards
Josselin Garnier is in the boards of the following journals: Asymptotic Analysis, Discrete and Continuous

Dynamical Systems – Series S, ESAIM P&S, Inverse Problems and Imaging, Mathematics Research Reports,
SIAM/ASA Journal on Uncertainty Quantification (JUQ).

Carl Graham is Editor for Markov Processes And Related Fields.
Denis Talay is an Area Editor of Stochastic Processes and their Applications and an Associate Editor of

Journal of the European Mathematical Society, SMAI Journal of Computational Mathematics, and Monte
Carlo Methods and Applications. He is also Co-editor in chief of MathematicS in Action.
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Reviewer - reviewing activities
Carl Graham and Quentin Cormier have refereed many papers from journals such as Annals Applied

Probability, Stochastic Processes and their Applications, ESAIM: Probability and Statistics, Probability
Theory and Related Fields.

11.1.3 Invited talks

In 2025 Josselin Garnier was an invited speaker in the following conferences: Conference Waves, Karlsruhe,
24–28 February, 2025; International Congress of Basic Science (ICBS), Beĳing, 14–18 July, 2025; Conference
SIAM/CAIMS, Montreal, 28 July–August 1st, 2025.

Quentin Cormier participed to the Bachelier Colloquim in Metabief (13–18 January 2025). He was
invited to give a talk at the probability seminar in the CERMICS lab (Ecole des ponts) and at University of
Evry to the seminar "Probabilités et des Mathématiques financières". He was invited to Nice for a week
to give two talks at University of Nice (probability seminar) and Sophia-Antipolis (séminaire d’algernon).
He also participed to the workshop "Dynamics of Collective (Bio-)Systems: Mathematical Modelling and
Applications" organized by Bastien Fernandez and Matteo Tanzi in Paris.

Denis Talay gave an invited lecture at the conference in honor of Prof. René Carmona (Princeton
University), May 19–23, 2025, at CIRM (Centre International de Rencontres Mathématiques) in Marseille,
France. He also gave an invited lecture at the conference "Milstein’s Method: 50 Years on" organised at the
University of Nottingham in Prof. G.N. Milstein’s memory, June 30–July 3, 2025.

11.1.4 Research administration

Josselin Garnier has been chairman of the Applied Mathematics Department at École polytechnique since
September 2023.

Josselin Garnier is the head of a workpackage (on uncertainty quantification) of the PEPR NumPEX.
Josselin Garnier is a member of the educational council of the Master 2 Mathématiques, Vision,

Apprentissage (MVA), the representant of École polytechnique. He gives a course there about ‘inverse
problems and imaging’.

11.2 Teaching - Supervision - Juries - Educational and pedagogical outreach
Together with Romain Veltz, Quentin Cormier gave the course “Mathematical tools for neurosciences” at
the Master 2 Mathématiques, Vision, Apprentissage (MVA) of University Paris-Saclay. He also taught the
course Markov Chains for the Bachelor students of Ecole Polytechnique.

Maxime Colomb is in charge of the module "données massives spatialisées" at the master MEDAS of
Convervatoire National des Arts et Métiers CNAM. He also is part of the ExModelo doctoral school on
model exploration.

11.2.1 Productions (articles, videos, podcasts, serious games, ...)

Maxime Colomb’s work has been the subect of an article from the review Urbanisme. GENCI organization
has also communicated about his work at RA2024 and ISC2025.

11.2.2 Participation in Live events

Maxime Colomb participed at the Data Challenge of the NetMob conference

12 Scientific production
12.1 Major publications
[1] Preconditioned Langevin Dynamics with Score-based Generative Models for Infinite-Dimensional

Linear Bayesian Inverse Problems. NEURIPS 2025. San Diego (CA), United States, 3rd Dec. 2025.
url: https://hal.science/hal-05464092.
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[2] R. Carmona, Q. Cormier and M. Soner. Kuramoto Mean Field Game with Intrinsic Frequencies.
22nd Sept. 2025. url: https://inria.hal.science/hal-05453375.

[3] J. Garnier, A. Picozzi and T. Torres. ‘Stochastic Dynamics of Incoherent Branched Flows’. In: Physical
Review Letters 134.22 (3rd June 2025), p. 223803. doi: 10.1103/PhysRevLett.134.223803. url:
https://hal.science/hal-05285938.

12.2 Publications of the year
International journals

[4] A. Abboud, S. de Lambert, J. Garnier, B. Leturcq and N. Lamorte. ‘Sensitivity analysis of a flow
redistribution model for a multidimensional and multifidelity simulation of fuel assembly bow in a
pressurized water reactor’. In: Nuclear Engineering and Design 443 (Nov. 2025), p. 114259. doi:
10.1016/j.nucengdes.2025.114259. url: https://hal.science/hal-05285941.

[5] A. Abboud, S. de Lambert, J. Garnier, B. Leturcq and N. Lamorte. ‘Sensitivity analysis of a flow
redistribution model for a multidimensional and multifidelity simulation of fuel assembly bow in a
pressurized water reactor’. In: Nuclear Engineering and Design 443 (Nov. 2025), p. 114259. doi:
10.1016/j.nucengdes.2025.114259. url: https://hal.science/hal-05464082 (cit. on
p. 12).

[6] L. Borcea, J. Garnier, A. Mamonov and J. Zimmerling. ‘Reduced Order Modeling for First Order
Hyperbolic Systems with Application to Multiparameter Acoustic Waveform Inversion’. In: SIAM
Journal on Imaging Sciences 18.2 (9th Apr. 2025), pp. 851–880. doi: 10.1137/24M1699784. url:
https://hal.science/hal-05285937 (cit. on p. 11).

[7] Q. Cormier. ‘On the stability of the invariant probability measures of McKean-Vlasov equations’.
In: Annales de l’Institut Henri Poincaré, Probabilités et Statistiques 61.4 (1st Nov. 2025). doi:
10.1214/24-AIHP1504. url: https://inria.hal.science/hal-03896874 (cit. on p. 10).

[8] M. Ferraro, K. Baudin, M. D. Gervaziev, A. Fusaro, A. Picozzi, J. Garnier, G. Millot, D. S. Kharenko,
E. V. Podivilov, S. A. Babin, F. Mangini and S. W. Wabnitz. ‘Wave turbulence, thermalization and
multimode locking in optical fibers’. In: Physica D: Nonlinear Phenomena 481 (Nov. 2025), p. 134758.
doi: 10.1016/j.physd.2025.134758. url: https://hal.science/hal-05464085 (cit. on
p. 11).

[9] J. Garnier, A. Picozzi and T. Torres. ‘Stochastic Dynamics of Incoherent Branched Flows’. In: Physical
Review Letters 134.22 (3rd June 2025), p. 223803. doi: 10.1103/PhysRevLett.134.223803. url:
https://hal.science/hal-05285938 (cit. on p. 11).

[10] J. Garnier and B. L. Sharma. ‘Surface Waves in Randomly Perturbed Discrete Models’. In: Multiscale
Modeling and Simulation: A SIAM Interdisciplinary Journal 23.1 (9th Jan. 2025), pp. 158–186. doi:
10.1137/24M165510X. url: https://hal.science/hal-05285934 (cit. on p. 11).

[11] P. Lartaud, P. Humbert and J. Garnier. ‘Uncertainty quantification in Bayesian inverse problems with
neutron and gamma time correlation measurements’. In: Annals of Nuclear Energy 213 (Apr. 2025),
p. 111123. doi: 10.1016/j.anucene.2024.111123. url: https://hal.science/hal-048542
05 (cit. on p. 10).

[12] C. Sire, J. Garnier, B. Kerleguer, C. Durantin, G. Defaux and G. Perrin. ‘Bayesian calibration
for prediction in a multi-output transposition context’. In: International Journal for Uncertainty
Quantification 15.6 (2025), pp. 37–59. doi: 10.1615/Int.J.UncertaintyQuantification.202
5056586. url: https://hal.science/hal-04717715 (cit. on p. 12).

[13] A. Van Biesbroeck, C. Gauchy, C. Feau and J. Garnier. ‘Design of experiments based on a low fidelity
model for seismic fragility curves estimation’. In: ESAIM: Proceedings and Surveys 79 (1st Dec. 2025),
pp. 96–109. doi: 10.1051/proc/202579096. url: https://hal.science/hal-05464083.

[14] A. Van Biesbroeck, C. Gauchy, C. Feau and J. Garnier. ‘Robust a posteriori estimation of probit-
lognormal seismic fragility curves via sequential design of experiments and constrained reference
prior’. In: Nuclear Engineering and Design 448 (Mar. 2026), p. 114695. doi: 10.1016/j.nucengde
s.2025.114695. url: https://hal.science/hal-05464078 (cit. on p. 12).
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International peer-reviewed conferences

[15] M. Colomb. ‘Generation of Realistic Geolocated Agendas in a Digital Twin using GPS-based
Mobility Dataset’. In: NetMob 2025 - 9th edition of NetMob. Paris, France, 8th Oct. 2025. url:
https://inria.hal.science/hal-05471353.

Edition (books, proceedings, special issue of a journal)

[16] Preconditioned Langevin Dynamics with Score-based Generative Models for Infinite-Dimensional
Linear Bayesian Inverse Problems. NEURIPS 2025. San Diego (CA), United States, 3rd Dec. 2025.
url: https://hal.science/hal-05464092 (cit. on p. 13).

[17] Learning signals defined on graphs with optimal transport and Gaussian process regression. Inter-
national Conference on Artificial Intelligence and Statistics. Phuket, Thailand, 3rd May 2025. url:
https://hal.science/hal-04740924.

Reports & preprints

[18] N. Baradel. Constrained deep learning for pricing and hedging european options in incomplete
markets. 15th Dec. 2025. url: https://hal.science/hal-05477426 (cit. on p. 13).

[19] F.-Z. El-Boukkouri, J. Garnier and O. Roustant. General reproducing properties in RKHS with
application to derivative and integral operators. 19th Mar. 2025. url: https://hal.science/hal-
04996580.

[20] R. Carmona, Q. Cormier and M. Soner. Kuramoto Mean Field Game with Intrinsic Frequencies.
22nd Sept. 2025. url: https://inria.hal.science/hal-05453375 (cit. on p. 10).

[21] R. Carpintero Perez, S. Da Veiga and J. Garnier. A reproducible comparative study of categorical
kernels for Gaussian process regression, with new clustering-based nested kernels. 30th Sept. 2025.
url: https://hal.science/hal-05289909 (cit. on p. 12).

[22] S. Chan-Ashing. On The Cutoff Phenomenon For Dyson-Laguerre Processes. 23rd Sept. 2025. url:
https://hal.science/hal-05272270 (cit. on p. 9).
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