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FOREWORD

TL;DR

This manuscript, entitled “Transferring Advances from Modern Al to Healthcare”, compiles my previous research,
and offers my perspective on what I believe are important considerations for the not-so-distant future in Al,
especially in the context of healthcare.

I obviously do not claim to describe in this manuscript what the perfect Al system for healthcare will be, but
rather to give an overview of the directions of my future research, and how I plan to contribute to this broader
objective. In particular, main directions include integration of multiple modalities in a single prediction, use of
text as a central modality, and agentic AL

I hope you enjoy the read!

Formatting of This Manuscript

To make this document reader-friendly, I gave special attention to its formatting. In particular, I strongly
recommend that you read its PDF version — using a viewer that can handle tooltips (e.g., [ACROBAT READER
Q; Evince @; OverLEar @; VSCopk PDF VIEwER @)]) — which offers the following features:

* Acronyms — In addition to the usual list of Acronyms at the end of this document,

you can hover any acronym with the mouse. In most viewers, it should make a tooltip PDE - \

appear, showing the acronym meaning.

* References — Similarly, in-text references are formatted to be easily identifiable. The
documents I contributed to are identified by a single-letter code indicating the type of
publication (e.g., [J,] for a Journal, [B,] for a Book chapter, [W,] for a Workshop, etc.).
External references appear like [BoYLE, 1665 [EE]] for articles, and [WorLD WIDE WEB
Q)] for websites. All references are associated with a tooltip that will appear when |[CERY @]
hovering them, for a quick glimpse at the article or website name. The associated icon
also provides quick access to the full resource online.

[BoYLE, 1665 [EE]]

Account of a Very Odd Monstrous Calf

* Bibliography — Entries in the Bibliography are sorted by publication type. In addition,
for the documents I contributed to, I put significant work into retrieving all related | [w, | Pasperour, 2016 ]

public materials, such as articles, slides, posters, code repositories, etc. These resources 8 OO

can be directly accessed through the icons under the bibliographic entries.

The [MaNuscripT TeMPLATE @] I designed is available publicly under the [GNU GPL v3 Q)] license. In
addition to the features described above, it provides a few environments, and simplifies the management of IETEX
labels. It can also be used for a PhD manuscript, either in French or in English. Feel free to share it!


https://get.adobe.com/reader/
https://gitlab.gnome.org/GNOME/evince
https://www.overleaf.com/
https://bastienpasdeloup.github.io/r/?vp
https://royalsocietypublishing.org/doi/abs/10.1098/rstl.1665.0007
https://bastienpasdeloup.github.io/r/?cw
https://bastienpasdeloup.github.io/r/?ht
https://bastienpasdeloup.github.io/r/?gg

6 Foreword

Global Vision of My Research

My research revolves around modern Al technologies, with the purpose of exploring how to get the best out of
data by exploiting its structure or variability rather than its sheer amount. I'am interested both in the fundamental
aspects of the question and in the use of models for applied purposes. I believe this is particularly important in
healthcare.

To reconcile these two facets of my research, I am part of the BRAIN team (formerly BR Aln) within the
Lab-STICC laboratory at IMT Atlantique. This environment, composed of six permanent members and (on
average) about a dozen PhD students, postdoctoral researchers, and research engineers, provides an ideal setting
to work on the fundamental aspects of models, which form a common ground for all its members.

Staying relevant when conducting research in Al in 2026 is not straightforward within a small team with limited
financial resources. It is therefore necessary to adopt an efficient and distinctive strategy. Mine, aligned with
that of the team, is to identify the major research trends in Al and to draw inspiration from them, in order to
advance domains that are not priorities for major industrial actors, particularly those related to healthcare. To
achieve this, a significant part of my research focuses on flagship domains of Al research, z.e., vision and language.
Working directly on the associated technologies allows me to stay up to date in a rapidly evolving field and to
identify gaps in other domains. A practical example of this approach is the article REVE [C,,], which draws
inspiration from recent models for vision and text to propose a foundation model for EEG signals.

Focusing part of my research on core Al allows me to bring a relevant perspective to my external collaborations.
Whenever possible, I try to orient these collaborations toward medical applications, where I believe there is still a
great deal to accomplish with tangible societal impact. In particular, I have worked with oncologists, cardiologists,
ophthalmologists, and neurologists, and envisage extending my interests to omics.

One conclusion I draw from these projects with healthcare researchers and practitioners is that there is a strong
need for multimodal integration, in order to aggregate data from scans, questionnaires, electrocardiograms,
clinical records, and more. Like many researchers in both Al and healthcare, I believe that one of the most
promising challenges for modern Al is to identify, within heterogeneous data, complementary information
that can enable more precise diagnoses or better predictions [MOHSEN ez al., 2022 [EEl; SUN ¢z al., 2024 [EE;
KRONES ¢t al., 2025 [E8]. Recent techniques in Al provide elements of a solution, both from a theoretical
perspective [SHWARTZ Z1V ¢t al., 2024 [E]] and a practical one [JAEGLE ez 4l., 2021 [EE]. T have also chosen to
explore this question through the prism of diversity — within data or representations — in the ANR JCJC project
“Encouraging Diversity in FSL” (ENDIVE) I conduct.

The regular emergence of any-to-any models [HuGGINGFacE @] designed to integrate many types of modalities
has recently enabled the development of multimodal foundation models for general data [GIRDHAR ez 4., 2023
(EEl; L1 e al., 2024 [EE]. Such models produce meaningful embeddings that capture data points’ semantic mean-
ing. They could thus be a promising avenue to build specialized systems, for tasks such as suggesting treatments,
predicting relapse risks, or enabling early diagnosis of rare diseases [MOOR ez al., 2023 [E2]; KLINE ez al., 2022
[E=]]. However, this approach — building large foundation models for general data — entails extra computational
costs compared to simpler, more specialized, unimodal models, due to both the increased volume of data and the
resulting model sizes. This limits their accessibility for medium-sized structures such as public hospitals.

Another - in my opinion, more promising — avenue to multimodal integration of diverse sources of infor-
mation in a single prediction is the rise of multi-agent systems [DU ez a/., 2024 [EE; TANG ¢ al., 2024 [EE].
Indeed, specialized agents can be used to analyze independent modalities and improve results over a single
model [KLANG ¢ al., 2026 [E], using text as a central modality for communication between agents. This
approach sort of mimics real life, in the sense that a central orchestrator agent could act as a general practi-

tioner, and ask specialized agents to provide a description for an MRI scan, a clinical report, a blood analysis,
etc. [ZHOU et al., 2026 [E]].


https://www.nature.com/articles/s41598-022-22514-4
https://arxiv.org/abs/2412.02621
https://www.sciencedirect.com/science/article/pii/S1566253524004688
https://www.mdpi.com/1099-4300/26/3/252
https://arxiv.org/pdf/2107.14795
https://bastienpasdeloup.github.io/r/?hata
https://openaccess.thecvf.com/content/CVPR2023/html/Girdhar_ImageBind_One_Embedding_Space_To_Bind_Them_All_CVPR_2023_paper.html
https://www.emerald.com/ftcgv/article-abstract/16/1-2/1/1320821/Multimodal-Foundation-Models-From-Specialists-to
https://www.nature.com/articles/s41586-023-05881-4
https://www.nature.com/articles/s41746-022-00712-8
https://openreview.net/forum?id=zj7YuTE4t8
https://aclanthology.org/2024.findings-acl.33/
https://www.nature.com/articles/s44401-026-00077-0
https://doi.org/10.22541/au.177437366.61663600/v1

This approach highlights the importance of text as a versatile modality, as was already suggested numerous
times in the literature [HUANG ez 4l., 2022 [EZl; SINGHAL et al., 2023 [EE); TANG et al., 2024 [E]]. In addition,
some works have shown that instantiating multiple agents and making them debate improves reasoning and
factuality, thus reducing the risk of hallucinations which hinder acceptance of deep learning-based models in
healthcare [DU ez al., 2024 [EE]. Therefore, as I mentioned earlier in this Foreword, keeping up with Al research
on flagship modalities, especially text, is an ever-increasing necessity.

Other Things You Will Find in This Manuscript

This manuscript being an HDR, I want it to be mostly focused on my past research activities and plans for
the future. Still, I am very active on the teaching aspect of my work as well. Therefore, you will find some
information on these activities and my teaching philosophy in Appendix A. A more detailed list of my teaching
responsibilities and in-class activities is also available in Appendix B. You will also find there some details on
my background, the people I have supervised, my projects, and other activities related to my research, such as
projects and funding. Finally, Appendix C provides a few figures summarizing some quantifiable elements of
my research and teaching activities.

To conclude this Foreword, it seems important to me to mention the importance I attach to open research and
the development of public knowledge. I regularly participate in outreach activities aimed at the general public,
and a substantial portion of my teaching at IMT Atlantique addresses research and the scientific method. All my
articles are freely available online via [ARX1v (B.P.) @] or [HAL (B.P,) @], and the code required to reproduce
the experiments is systematically published on [GiTHuUB (B.P.) Q] whenever possible. As mentioned earlier,
you will find direct access to these resources through the icons under the references in the Bibliography.

Generative Al Usage

As an Al researcher, it is natural to me to use AI models to assist me in the writing of this manuscript. Still, as a
teacher, it is also important to me to be transparent about it, which is what I ask from students. Here is how I
used generative Al across this document:

* Template development — I started from a blank IETEX template, which I gradually enriched with functional-
ities I wanted. For this, I initially used mostly [CHATGPT @) (GPT-4.5 to GPT-s.3), [GEMINT @] (Gemini
3), and later switched to [CLAUDE CoDE )] (Opus s). These models served both for code generation and
advice on IIEX template coding. All codes were reviewed before integration and extensively tested.

* References search — Models have become powerful search engines for finding articles. In addition to general
purpose models such as those cited above, I used more specialized tools such as [GOOGLE SCHOLAR LABS
Q; ScuoLAR INBOX @); FLICKE ¢ 4l., 2025 EE; GEMINI @] (Gemini 3 Deep Search). Models were used to
find and summarize relevant articles before going through their actual contents.

* Summarization — Summaries of my previous contributions in Chapter II were first produced us-
ing [CLaUDE ConE @] (Opus ), and then reviewed and adapted manually. Full documents are available in
the corresponding entries in the Bibliography.

* Scripting — The graph in Figure 21 was partially generated using [CLAUDE CODE S (Opus 4.5 & 4.6).
Produced output was checked and manually adapted.

* Syntax improvement — I wrote this manuscript in English directly, but I'm still French + nonetheless, so I

used [CLAUDE CopE @] (Opus s) for syntax improvement and final touches at the end of the process.

Finally, I do not endorse the use of generative Al for artistic content outside private usage (automate the work,
keep the fun!), so you will not find such content in this manuscript.


https://proceedings.mlr.press/v162/huang22a.html
https://www.nature.com/articles/s41586-023-06291-2
https://aclanthology.org/2024.findings-acl.33/
https://openreview.net/forum?id=zj7YuTE4t8
https://bastienpasdeloup.github.io/r/?ap
https://cv.hal.science/bastien-pasdeloup
https://github.com/BastienPasdeloup
https://chatgpt.com/
https://gemini.google.com/
https://claude.com/product/claude-code
https://bastienpasdeloup.github.io/r/?sl
https://www.scholar-inbox.com/
https://aclanthology.org/2025.acl-demo.30/
https://gemini.google.com/
https://claude.com/product/claude-code
https://claude.com/product/claude-code
https://claude.com/product/claude-code
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CHAPTER [

INTRODUCTION

This chapter is a quick introduction about me and my vision of my job. It tells how I came to research (Section L1),
and what interests me in the two halves of my Associate Professor position (Section I.2).

It also describes my role as a supervisor (Section I.3), how I try to give students a taste of research and to share my
interest beyond the school and lab, and why I try to publish as openly as possible (Section I.4).

Section Is finally describes how this document is organized.

Lx
1.2
L3

I.4
Ls

HowIGotHere ..............
What Interests Me  ............
The People I Work With  ......

Bringing People to Science e

Organization of This Manuscript

12
14
14
15
16




2 I — Introduction

I How I Got Here

I must admit that before learning that computer science was a thing, I was quite lost in my curriculum. After
failing my 11t grade in science, I obtained a baccalaureate in economics and social sciences, and then tried a few
things that did not lead anywhere, namely a few months at the university to study biology, then English, before
quitting and working in a children’s activity center. I then joined a BTS in computer science for management,
essentially because a friend told me “You'll see, it’s easy, basically the same thing as playing MtG” — which I've

been doing since I was 10.

And well, that ended up being very true! I quickly became passionate about everything revolving around
computer science: programming of course, but also networks and databases. In my spare time, I made quite a
few programming projects — web pages to keep my MtG cards organized, small videogames, etc. — and also got
quite interested in computer virology, which I saw as a cool way of conceiving some sort of artificial life that
aimed to survive through propagation and self-mutations [LupW1g, 1991 [EE]]. I’'m quite confident that this
early interest in virology is one of the things that drove me to AI when it surfaced again from oblivion thanks to
AlexNet [KRIZHEVSKY ¢t al., 2012 [E]].

My interests in research and teaching came from my second internship [I, ], in 2010, when I joined JiVé Création,
a one-man company hosted at CERV, in the buildings of ENIB, an engineering school nearby. The objective
of Cyrille BAUDOUIN was to develop an MMORPG for teaching mathematics to kids, with problems such as
determining the length of the missing chain for a drawbridge, to repair it and be allowed to cross the moat (see
Figure 1). This project gave me the basics of pedagogy, while making me discover a research lab from the inside.

After obtaining my BTS, I joined ENIB as a student for a year, during which I consolidated my interest in
computer science and learned other elements of engineering such as signal processing or electronics. This is
the year when I met Vincent GRIPON, who taught me linear algebra and gave programming courses in OCaml.
The latter course took the form of a small maze, in which students would compete by implementing strategies
leveraging traversal algorithms. Years later, this small project would serve as a basis for what would become a
large part of my PhD: the “PyRat — Algorithms € Discrete Mathematics” course (see Section A.1L.1).

That year went well, but did not fully meet my expectations regarding research, as most projects were missing
the exploratory parts I enjoyed outside classes. I thus decided to change my curriculum once more, and got in
touch with Luc BouGE, who enrolled me for the “Research € Innovation” track of ENS Rennes (at that time
ENS Cachan - Brittany campus), where I served as some sort of prototype of whether it was feasible to open the
curriculum to students from backgrounds other than CPGE classes.

From there, the road was finally clear. I did several internships in various labs, exploring both previous topics
of interest such as computer virology [I,] or new ones such as embedded and real-time systems [L; I], before
orienting my research interests toward data analysis and ML. I then pursued a PhD with Vincent GRIPON at
Télécom Bretagne (now IMT Atlantique) on GSP, before joining the team of Pascal FRossarD at EPFL for a
year-and-a-half postdoc, where I used GSP and Al for oncology applications.

Finally, I obtained my Associate Professor position in 2019. I started in the DECIDE team, where I had strong
collaborations in particular with Patrick MEYER and Romain BILLOT on topics merging operational research
and AL After some time there, I settled in the newly created BRAIN team (formerly BR Aln), whose activities
are more centered around modern Al core techniques, with each permanent member having their own favored
domain of application.

So here I am, writing my HDR. This not-so-straight trajectory (or maybe straight on a weird manifold) definitely
shaped my approach to research and teaching. On the research side, it is only when I got interested in philosophy
of science during my PhD that I realized that nobody ever told me what science was: not just a collection of
disciplines at school, but an approach to discovery and knowledge establishment. On the teaching side, my
variety of experiences gave me strong opinions on what made a good course and what did not. I hope these
impacts on my activities are obvious to the reader when going through this manuscript.


https://archive.org/details/TheLittleBlackBookOfComputerVirusesMarkLudwig/mode/2up
https://proceedings.neurips.cc/paper_files/paper/2012/hash/c399862d3b9d6b76c8436e924a68c45b-Abstract.html

L1 — How I Got Here 13

«Ce serait tellement bien si on pouvait avoir autant de plaisir «Apprendre ne doit pas nécessairement
a apprendre les maths qu'a jouer aux jeux vidéos... » rimer avec peine, mais plut&t avec plaisir.»
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Figure1  Advertising flyer for the JiVé Création company.



14 I — Introduction

I. What Interests Me

My research revolves around modern Al both in its fundamental aspects and in its applications to healthcare.
The Foreword already describes this vision in more detail — and this is the main topic of this manuscript - so I
will only say here what Ilook for in a subject: problems where the structure or variability of the data matters
more than the amount of it. This is what attracted me to GSP during my PhD, what drove me to multiple
modalities throughout my career, and what I now pursue through diversity, sampling and multimodality.

The other half of the job matters to me just as much. One of the arguments that convinced me to join Télécom
Bretagne as a PhD student was the opportunity to redesign the first-year computer science course from scratch,
and teaching has occupied a large part of my time ever since. I like designing courses that innovate and are useful
for students. Above all, one of my objectives is to catch students’ interest, to show them that computer science is
not just an advanced calculator, but offers a wide set of tools that allow one to learn about the world, simplify
daily life problems, and create new things... and that it can be fun! While this manuscript is more about my
research activities, I have dedicated Appendix A to some selected teaching activities, which I believe illustrate
this vision well.

1.3 The People I Work With

Almost everything described in this manuscript was done — or will be done — with someone. I like working in
teams of complementary people, and I have been lucky enough to be surrounded by great people during my
whole career. My work with students is no exception to this principle. This manuscript would not exist without
their contributions, and I am deeply grateful to all of them.

I have supervised or co-supervised 10 (soon 11) PhD students, 2 MD theses, 4 postdoctoral researchers and 2
research engineers, along with more than 20 interns and several student projects gathering close to a hundred
students; the complete list is given in Section B.2. My role in these works is generally to formulate research
directions, to discuss the methodological choices, to challenge the implementations and the conclusions, and to
make sure that what is being done fits the students’ objectives.

Indeed, be it for a student project or a PhD thesis, one of the first questions I ask students is what they envision
for their future. At the project level, for students who are interested or curious about research, I try to orient the
project toward exploratory elements, with a publication objective. For those interested in industry, I support
them on the technical side, and encourage them to build a proof of concept that showcases their skills.

At the thesis level, this translates into discussions about the student’s interests, and what publication strategy to
adopt to maximize the chance that they attain their objectives. Overall, the main lines are as follows, depending
on the student’s target:

* Professor — For students who envision such a career, teaching — and in particular designing courses — is a
very important part of the job. They need to get started early, to build a CV that will distinguish them from
other candidates. As a coordinator of the first-semester Computer Science course at IMT Atlantique, I am
able to accompany them both in classes and in the writing of new materials.

* Academic researcher — For students targeting an academic position, I try to make them work on ambitious
research questions, with the aim of publishing in high-ranking venues. I also insist that they spend some time
in another lab connected to their research interests at some point in their PhD.

* Industry researcher — For students more interested in industry, high-ranking publications are also very
important, but topics should be more technical, closer to industrial interests. I also strongly encourage them
to do an internship in a company at some point, where they can prepare a future collaboration.

These are obviously very general non-exhaustive rules, which need to be adapted to each profile. Overall, I see
a thesis as a period during which students get the opportunity to shape their CV, and build a profile that will
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distinguish them from other candidates during their future applications, whether through the design of courses,
obtaining patents, high-ranking publications, organization of seminars, or anything else of the kind.

In addition, what I like to do for any new PhD student is to quickly aim for a publication, even a minor one. First,
this introduces them to the publishing process, with the joys and disappointments that come with it. Second, it
is a good pretext to join an existing project and help integrate them into the team. Finally, it serves as a safety
net, as they already have a publication to defend. This frees the mind for the rest of the thesis, allowing them to
explore more freely and take more risks.

Regarding the work itself, I strongly encourage collaborations within and outside the team. I believe that joining
forces toward a common goal is a necessary step for publishing in high-ranking venues such as NeurIPS, ICML,
CVPR, or ICLR. It also prepares students for their future careers, where collaboration is the norm.

Opverall, I think it’s important to be flexible, to adapt to students and their career objectives, but also to the
fast-paced evolution of the field. It is not an easy task to write a long-term research plan when working on Al in a
small public laboratory in 2026, as large labs or companies may just release a new model that makes months of
work obsolete (looking at you, SAM [KIRILLOV ez al., 2023 [EE]]). My approach is therefore to favor more niche
subtopics of Al and applications that are not obviously on the roadmap of these big actors.

I.4 Bringing People to Science

As mentioned in Section L1, I was not told what science was when I was a student, which I find quite sad in the
current education system, where science is basically perceived as the maths, physics and biology package, and is
just where students with good grades go in high school.

In my activities, I try to interest people in science and research, at different levels. In classes, I designed and
participated in multiple courses that aim at developing scientific reasoning and at letting students experience
research (e.g., How to Lie with Statistics, Introduction to Research). Also, as already mentioned, I try to orient the
projects I propose toward research when students want it, some of which led to publications in conferences [C,;
C,; C5 Chus Cugs Cags Cy0 ], where students presented their work in front of an audience of researchers.

Still, while this is useful to engineering students, most of whom are already curious about research, I think that
the societal impact is limited. I thus try to reach the general public when I can, to let them know that science can
be really fun and creative. I regularly participate in dissemination activities (see Section B.s5.4) and give talks in
primary school classes. Océanopolis, and especially Fabio PERRUCHET, are extremely valuable partners for this,
and I am glad we have them in Brest.

Regarding my publications and codes, I try to make everything I produce freely available. All my articles are
on arXiv [ARX1v (B.P.) @] or HAL [HAL (B.P.) @], the code to reproduce the experiments is published on
GitHub [GrrHus (B.P.) @] whenever possible, and the software I write — both for work and for personal
projects that could serve someone else — is released under free licenses. This is a deliberate position rather than a
habit. Gatekeeping an article or a piece of code does not protect much: it mostly forces other people to spend
energy — theirs, and that of the machines they run — reproducing something that already exists. In a field whose
computational cost is becoming a problem of its own, that waste is hard to justify. I also believe that publicly
funded science should serve the world rather than the career of the person who signs it, and that the small
advantage gained by keeping a result closed is never worth the collective cost of hiding it.


https://ieeexplore.ieee.org/abstract/document/10378323
https://bastienpasdeloup.github.io/r/?ap
https://cv.hal.science/bastien-pasdeloup
https://github.com/BastienPasdeloup
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Is Organization of This Manuscript

After these small discussions, let’s dive into the core content of this manuscript. Chapter II presents my past
research activities, starting from my early work on GSP to my current activities in Al, followed by their applica-
tions in healthcare and by other collaborations. For each article, I tried to situate its context, provide a summary
of its contributions, and analyze its impact. Chapter III then describes what comes next: the projects already
under way or about to start, and the longer-term research directions they converge toward.

Three appendices complete the document: Appendix A on my teaching activities and philosophy, Appendix B
for the exhaustive lists of supervisions, projects, responsibilities and publications, and Appendix C for a few
figures summarizing them.
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CHAPTER II

OVERVIEW OF PASsT ACTIVITIES

This chapter summarizes the research activities I have been conducting so far. As much as possible, I have tried
to group my research interests into meaningful categories.

My research originally revolved around GSP (Section IL1), which I studied as a toolbox to extend signal processing
approaches for the purpose of studying signals with complex structures. From there, I naturally shifted toward
the study of AI (Section II.2), which offered a more general methodology to achieve a similar objective.

For both domains, my research has been both fundamental and applied. For the latter, I am especially interested
in applications related to healthcare (Section I1.3). Still, AI tools being prevalent nowadays, I also had the
opportunity to help in a few other projects (Section II.4).
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IL1 Graph Signal Processing

GSP was introduced by [SHUMAN ez al., 2013 [EE]], as a generalization of classical signal processing based on
spectral graph theory [CHUNG, 1997 [EE]]. The article framed several tools leveraging graph theory and spectral
theory in a single environment, to process, in a similar way, signals such as time series, images, or more complex
ones defined on a domain modeled as a graph. In this framework, vertices of the graph represent elements of
interest, where signal values are measured, and edges model relations of similarity between linked vertices.

GSP offers an algebraic vision of signal processing, through an analogy between the eigenvectors of a matrix
(generally the Laplacian or the adjacency matrix) representing a line graph — modeling discrete time — and the
Fourier modes in classical analysis of signals. Figure 2 illustrates this analogy with an example signal, using a
low-pass filter to remove noise.

This example introduces the GFT operator, which allows one to interpret the Fourier domain of a signal as
a space defined by the support of the information itself. Building on this central observation, the GSP com-
munity has progressively re-developed most of the classical signal processing toolbox for signals on graphs
(see [SHUMAN ¢t al., 2013 [EE; ORTEGA ¢t al., 2018 [EEl; LEUS ez al., 2023 [EE] for major milestones). Tools
such as wavelets [HAMMOND ez 4l., 2011 [E], filter banks [NARANG ¢ al., 2012 [EE]], sampling and reconstruc-
tion [CHEN ez al., 2015 [E2l; ANTs ¢t al., 2016 [EE]] and stationarity of stochastic processes [GIRAULT, 2015 [EE];
PERRAUDIN ¢t al., 2017 [EE]] have all found graph counterparts. These developments generally require ded-
icated theoretical analyses, as many classical results rely on the regularity of the underlying domain. Con-
siderable effort has also been devoted to computational efficiency: since the GFT has no general analog
of the fast Fourier transform, approximate transforms based on sparse factorizations of the eigenvector ba-
sis [LE MAGOAROU ez al., 2017 [E]] and polynomial graph filters that avoid Laplacian diagonalization and rely
only on local computations [ISUFI ¢ al., 2024 [EE]] have been proposed. Altogether, these advances establish
GSP as a natural generalization of classical 1D signal processing to irregular domains.

Beyond the simple generalization of existing tools, what makes GSP a valuable domain is the observation that
developed tools effectively behave as expected for signals evolving on more complex domains, modeled as graphs.
For instance, consider the example in Figure 3, illustrating application of a low-pass filter on a random geometric
graph. As was the case for the example in Figure 2, we observe a smoothing of the random signal entries over the
graph, z.¢,, vertices linked with edges tend to have more similar signal values after filtering.

Many use cases can be encoded in the GSP framework [ORTEGA ez al., 2018 [EE]. Social networks are a natural
example, where vertices model users, edges encode friendship relations, and a signal can be any quantity measured
on profiles (e.g, age, or an opinion on some topic) [SANDRYHAILA ¢f al., 2014 [EE]]. Similarly, transportation
networks provide support graphs for signals such as traffic for congestion analysis [MOHAN ez 4/., 2014 [EE]].
Another important family of examples comes from brain signals (e.g., EEG or fMRI), where vertices are sensors
or voxels, linked according to their physical proximity, or to statistical dependencies between their recordings,
and each acquisition provides a new signal on that graph [HUANG ez a/., 2018 [E]]. Other examples include
applications to protein analysis [SRIVASTAVA ¢ al., 2023 [EE], or computer graphics, where 3D meshes and
point clouds are graphs supporting geometric or color information [DINESH ez al., 2020 [E], among many
more. In all these settings, GSP provides a principled way to exploit the structure of the underlying domain
when processing the measured data.

Along the way, the field has also raised issues of its own, some of which remain open challenges today. Most
tools assume the support graph to be known, which is not always the case in practice, motivating an entire
line of works on inferring plausible graphs from signal observations. Some fundamental results do not directly
transpose to irregular domains either, such as the uncertainty principle, which bounds how much a signal can be
simultaneously localized in the vertex and spectral domains. Extensions to directed graphs (for which the Lapla-
cian is not symmetric anymore and thus loses its orthonormal eigendecomposition) [SHAFIPOUR ez 4., 2018 [EE;


https://doi.org/10.1109/MSP.2012.2235192
https://books.google.fr/books?hl=fr&lr=&id=4IK8DgAAQBAJ&oi=fnd&pg=PP1&dq=Spectral+Graph+Theory&ots=EtaQZpnQse&sig=JqkX-bd6TDL8btYaR1GByEDC9HA#v=onepage&q&f=false
https://doi.org/10.1109/MSP.2012.2235192
https://doi.org/10.1109/JPROC.2018.2820126
https://doi.org/10.1109/MSP.2023.3262906
https://www.sciencedirect.com/science/article/pii/S1063520310000552
https://ieeexplore.ieee.org/abstract/document/6156471
https://ieeexplore.ieee.org/document/7208894
https://ieeexplore.ieee.org/abstract/document/7439829
https://ieeexplore.ieee.org/abstract/document/7362637
https://ieeexplore.ieee.org/abstract/document/7891646
https://doi.org/10.1109/TSIPN.2017.2710619
https://doi.org/10.1109/TSP.2024.3349788
https://doi.org/10.1109/JPROC.2018.2820126
https://ieeexplore.ieee.org/abstract/document/6879640/figures#figures
https://ieeexplore.ieee.org/abstract/document/6957939
https://ieeexplore.ieee.org/document/8307490
https://www.sciencedirect.com/science/article/abs/pii/S0378437123001589
https://ieeexplore.ieee.org/abstract/document/8976421
https://ieeexplore.ieee.org/abstract/document/8439888
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(b)

(a) Consider a periodic time signal s(t) as a support for the example.
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This signal can be discretized by regularly sampling its amplitude. The obtained discrete signal can now be seen as a
vector & € RN, with N the number of samples.

In the GSP framework, we view @ as a vector associating a value to each node of a support graph. Here, as we consider
a periodic time series, the most natural graph to model such a support is a ring graph, where each vertex corresponds
to a time instant, and is linked to the previous and next instants in time. We therefore manipulate two distinct objects:
the signal & which contains the information of interest, and the graph G which models time.

Figure 2 A simple example to illustrate the analogy between classical analysis of time signals and GSP. Plots

(a) to (c) illustrate how GSP offers a different point of view from classical analysis, by distinguishing
a signal from its support. Plots in (d) make the link between the signal support and the Fourier
transform operator, which computes the spectrum of the example signal in (e). Then, (f) to (h)
illustrate the analogy through the example of a low-pass filter.
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(d) Now, let us put  aside to focus only on the support graph G introduced in (c). Let W be the adjacency matrix of the

graph, and d the vector of degrees of each vertex. From these, we can compute the graph Laplacian L = diag(d) — W
of the graph, which is a real and symmetric matrix, thus diagonalizable as L = V' - diag(A) - V' . Assuming that
eigenvalues in A are sorted increasingly, we denote by V' = (v, . .., vy) the associated eigenvectors, and plot the
first ones. As can be observed, these eigenvectors are analogous to the sines that decompose time signals in classical
Fourier analysis, and their frequencies are analogous to the corresponding eigenvalues.
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As a consequence of (d), a spectral decomposition & of & can be obtained by a change of basis defined by the
eigenvectors of the Laplacian, ze, £ = V Tx. This operation is called the GFT, and is at the core of GSP. The
spectrum of the signal introduced in (c) is depicted here. Each entry &[¢] measures the correlation between @ and the
eigenvector v;41, L.¢., the contribution of the associated graph frequency to the signal. This is the exact analog of the
spectrum obtained with the discrete Fourier transform of a time signal.

Figure2 (continued)
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(f)  Asin classical Fourier analysis, filters can be conveniently defined in the spectral domain. Here, we define a low-pass
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filter h[i] = exp(—0.057), which preserves low graph frequencies and attenuates higher ones.
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(g) Filtering then amounts to an entry-wise multiplication in the spectral domain, z.e, ¥ = hod (followed here by an
¢5 renormalization so that the filtered signal keeps the energy of the original one, z.e¢., ||g||2 = ||&||2). Compared
with the spectrum in (e), entries associated with high graph frequencies are strongly attenuated.
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(h)  Going back to the time domain using the GFT Y ie,y=V4g, yields a smoothed version of the original signal, in
which most of the noise has been removed, as expected from a low-pass filter.

Figure 2 (continued)
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(a) A random geometric graph, obtained by drawing /N = 40 vertices uniformly at random in a rectangle, and linking
those closer than a fixed radius. A random signal @ associates a value to each vertex, depicted as a red bar.

il

:
/

(21 V2

Vs V6

(b)  First eigenvectors V' = (v1, ..., vn) of the Laplacian of the graph introduced in (a), represented on the graph (as
the i entry of an eigenvector corresponds to the 7™ row/column of the Laplacian matrix). As for the ring graph
in Figure 2 (d), eigenvectors associated with low eigenvalues vary smoothly on the graph, thus playing the role of
low-frequency Fourier modes on this irregular domain.

Figure 5 Illustration of the application of a low-pass filter on a random signal, evolving on a random geometric
graph. Figure (a) introduces the support graph and the studied signal. Plots in (b) depict the first
eigenvectors of the graph Laplacian, which generalize Fourier modes to this irregular domain. Then,
(c) to (e) reproduce the low-pass filtering procedure of Figure 2 on this support.
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(d) We filter the spectrum with a low-pass filter hli] = exp(—0.1¢),7e, g = ho .

(¢) The filtered signal y = Vg, obtained with the GFT ™!, depicted on the graph. Compared with (a), the signal is

smoother: vertices linked by an edge tend to have more similar values.

Figure3 (continued)
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MARQUES ¢t al., 2020 [EEl; HAN ez al., 2026 [EE]] and to time-varying topologies [YAN ez al., 2024 [EH]] remain
active research directions, as does the stability of spectral designs under perturbations of the support graph.
Finally, defining translations and convolutions — which are trivial operations on regular domains, but not on
arbitrary graphs — establishes a direct bridge between GSP and CNNs [BRONSTEIN ez 4/., 2017 [E], from which
GCNs emerged as their generalization to graph-structured data. A large part of the community effort has now
shifted toward this interplay between GSP and modern ML [DONG ez 4l., 2020 [EE], epitomized by the recent
emergence of graph foundation models [WANG ¢z al., 2025 [EE].

Still, the GSP community remains pretty active, and some works aim at generalizing the approach even more.
While GSP has proven remarkably successful for modeling pairwise interactions, many real-world systems exhibit
higher-order relationships that cannot be faithfully represented by simple graphs. Examples include social
groups involving more than two individuals such as co-authorship networks, biochemical reactions, or higher-
order functional interactions in the brain. This observation has motivated the extension of signal processing
tools to richer topological domains. Simplicial complexes provide one of the most established frameworks,
generalizing graphs by explicitly representing interactions among arbitrary subsets of vertices while preserving
their inclusion relationships. Based on the combinatorial Hodge Laplacian, they admit higher-order analogs
of the GFT and associated notions of filtering, diffusion, and harmonic analysis [BARBAROSSA ez al., 2020
[EEl; ScHAUB ef al., 2022 [E]. A closely related formalism is hypergraphs, whose hyperedges naturally encode
multi-way interactions and have motivated extensions of spectral signal processing [ZHANG ez al., 2019 [EF].
These developments broaden the scope of GSP beyond pairwise interactions, enabling the analysis of signals
defined on increasingly expressive relational structures.

One of the main challenges in GSP is how one can use the tools it provides if the support graph of observed signals
is unknown. Indeed, while in some cases the graph is directly available (e.g., a social network where edges model
mutual relationships), it is not always the case when vertices are observations of locations in a continuous space
(e.g., EEG or fMRI signals), or when the topology is not provided for some reason (e.g., intellectual property).

In such a scenario, a common approach is to rely on priors on the graph or signals, such as spar-
sity [FRIEDMAN 7 al., 2008 [E8]; LAKE et al., 2010 [EE], smoothness [KaLOFOLIAS, 2016 [EE]; DONG ¢t al., 2016
[EE], or minimization of edge variation across time [YAMADA ez al., 2020 [EH]] (among many others). This ap-
proach reduces the search space of possible graphs, as the problem is in general ill-defined.

In my previous research, I addressed the question of inferring a graph under a stationarity prior, ze., assuming
the signal is observed after diffusion of white noise on an unknown graph to infer. This led to the following
publications, as well as a few workshop presentations [W,; W,; W, ]:

. -] [C.] Bastien PAsDELOUP, Michael RaBBAT, Vincent GR1PON, Dominique PASTOR, Gré-
goire MERCIER (2015). “Graph Reconstruction from the Observation of Dif-
fused Signals”. Annual Allerton Conference on Communication, Control, and Com-

puting (pp. 1386-1390), IEEE

This article introduced a method for reconstructing an unknown graph topology from observations
of signals generated by a diffusion process on the graph. It considered the case where observed signals
originate from initially zzd. signals that have been propagated a fixed and known number of times
through an unknown graph diffusion operator. Under this assumption, the covariance matrix of the
observed signals is a power of that operator, so that its diagonalization directly yields the eigenvectors
of the diffusion matrix, but only the absolute values of its eigenvalues. Recovering the signs of these
eigenvalues is therefore the core of the problem, and the article formulates it as a set of linear constraints



https://doi.org/10.1109/MSP.2020.3014597
https://arxiv.org/abs/2601.15999v2
https://arxiv.org/abs/2412.00462
https://doi.org/10.1109/MSP.2017.2693418
https://doi.org/10.1109/MSP.2020.3014591
https://arxiv.org/pdf/2505.15116
https://ieeexplore.ieee.org/abstract/document/9044758
https://link.springer.com/chapter/10.1007/978-3-030-91374-8_12
https://ieeexplore.ieee.org/abstract/document/8887197
https://academic.oup.com/biostatistics/article-abstract/9/3/432/224260?login=true
https://escholarship.org/content/qt1ww3443p/qt1ww3443p.pdf
https://proceedings.mlr.press/v51/kalofolias16.html
https://ieeexplore.ieee.org/abstract/document/7552590
https://arxiv.org/abs/2001.03346
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enforcing the structural properties that any valid diffusion matrix satisfies: symmetry, non-negative
off-diagonal entries, and a null diagonal. Graph recovery thus becomes a linear feasibility problem that
can be solved efficiently by interior-point methods, and the article further shows that only a fraction of the
quadratically many inequality constraints needs to be retained to reach the same solution. Experimental
results showed accurate reconstruction of randomly generated graphs from diffused signals when the
empirical covariance matrix is assumed to coincide with the true one and the sparsification threshold is
chosen by an oracle; from a finite number of signals, the reconstruction error was either close to zero
or around 0.5, the noise affecting the empirical covariance being named as the main limitation of the
approach. The possibility of learning hidden network topologies without direct access to the underlying
graph was therefore validated only under these restrictions, and provided the eigenvalues of the diffusion
matrix have pairwise distinct absolute values.

- -] [J:]  Bastien PAspDELOUP, Vincent GRIPON, Grégoire MERCIER, Dominique PASTOR,
Michael RABBAT (2017). “Characterization and Inference of Graph Diffusion
Processes from Observations of Stationary Signals”. TSIPN (vol. 4, nb. 3, pp.

481-496), IEEE

This work extended the previous framework by considering a more general setting where signals are
stationary and may have undergone an unknown and variable number of diffusion steps. The article
characterized the complete set of graph diffusion operators compatible with the observed signals, showed
that all admissible operators share the eigenvectors of the covariance matrix, and proved that the set they
form is a convex polytope delimited by linear inequality constraints. Instead of directly estimating a single
graph, the proposed framework therefore first identifies all admissible diffusion operators, and then selects
a point in that polytope according to an additional criterion, such as simplicity or sparsity in the sense of
the /1,1 norm. The article also analyzed the impact of a finite number of observations, and experimentally
measured how fast the approximate polytope obtained from an empirical covariance matrix converges
toward the limit one as the number of available signals increases. Two further contributions completed the
framework: a measure quantifying how well a given graph explains signals under a stationarity assumption,
and a method to turn a graph inferred under other priors into a diffusion matrix compliant with that
assumption. Experiments on a real dataset of temperatures were finally used to situate state-of-the-art
inference methods within this framework.

These works had a significant impact on the GSP community, and served as a reference for numerous subse-
quent contributions. Among noticeable follow-ups, the spectral templates framework [SEGARRA et 4., 2017
(&3] generalized this principle to the inference of graph shift operators from spectral information, formulating
graph recovery as the selection of an operator satisfying structural constraints within a prescribed spectral ba-
sis. The diffusion model was later extended to non-stationary signals in [SHAFIPOUR ¢z al., 2021 [EE]], which
introduced graph-filter identification as an additional step to recover the underlying topology, and to more
general graph system-identification settings [EGILMEZ ez 4l., 2018 [EE]]. Related developments also considered
heat-diffusion models [THANOU ez 4l., 2017 [E5]] and online inference from streaming stationary graph sig-
nals [SHAFIPOUR et al., 2019 [E]].

These subsequent works illustrate how the spectral characterization introduced in these articles helped establish
the relationship between the covariance structure of observed signals and the topology of their underlying graph
as a central principle for data-driven graph learning.
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IL13 The Uncertainty Principle Applied to Signals on Graphs

Another topic of interest I worked on was the study of the uncertainty principle for signals on graphs. Initially
introduced in quantum mechanics [HEISENBERG, 1927 [EZ]], and transposed to time signals in [GABOR, 1946
[=E]], this principle states that a signal cannot be concentrated in the time and spectral domains at the same time,
Z.e., there is a bounded trade-oft between time and spectrum localization. Extending this principle to GSP was
initially done in [AGASKAR ez al., 2012 [EE]; AGASKAR et al., 2013 [EH], which introduced spread metrics similar
to those of [GABOR, 1946 [EE]], and showed evidence of such a trade-off in the GSP framework as well.

Leveraging these previous works, my first contribution was to extend the proposed metrics to weighted graphs.
This work, done in collaboration with Réda Aram, led to the following publication:

@) [C,] Bastien PaAspELOUP, Réda ALaMI, Vincent GRIPON, Michael RABBAT (2015). “To-

ward an Uncertainty Principle for Weighted Graphs”. EUSIPCO (pp. 1496~
1500), IEEE

This work extended the graph uncertainty principle from unweighted to weighted graphs. It first showed
that a direct extension of the existing definition of graph spread is problematic, as it can lead to disconti-
nuities when graph weights vary continuously: the underlying issue is that the weights matrix encodes a
similarity, whereas the definition of the spread uses it as a distance. To overcome this, the article charac-
terized axiomatically the class of admissible distance functions — non-negativity, vanishing only on the
diagonal, and continuity together with monotonicity with respect to the weights — and proposed two
instances that satisfy it, one based on the geodesic distance computed on an inverse similarity matrix, the
other on a diftusion distance. Uncertainty curves were then computed numerically, using the sandwich
algorithm, for several families of weighted graphs: randomly weighted complete, star and ring graphs,
random geometric graphs built with a Gaussian kernel, and a real graph extracted from an image. The
choice of distance was observed to leave the relative ordering of the curves unchanged, affecting mainly
their smoothness.

To go beyond a simple numerical bound on the relative spreads in graph and spectral domains, I then proposed a
characterization of signals that are Pareto-optimally localized. Results were presented in the following article, as
well as in a national conference [C;]:

- -] [C;] Bastien PAsDELOUP, Vincent GRIPON, Grégoire MERCIER, Dominique PASTOR

(2016). “Towards a Characterization of the Uncertainty Curve for Graphs”.
ICASSP (pp. 4558-4562), IEEE

This work addressed the characterization of the signals that attain the uncertainty curve, rather than
approximating the curve through an exhaustive search over the signal space. For a given graph and
reference node, the uncertainty curve describes the Pareto-optimal trade-oft between localization in the
graph domain and localization in the spectral domain, and the signals that reach it are the eigenvectors
associated with the lowest eigenvalue of a matrix M () = P — oL, where P collects the distances to
the reference node. The article derived a structural characterization of these signals for a broader class
of graphs than the complete and star graphs previously considered: whenever M («) decomposes into
blocks such that one of them is circulant and the block coupling it to the rest is constant along rows,
the signals attaining the curve have repeated entries over the corresponding coordinates. This condition
reduces the space of candidate signals that needs to be explored, can be applied recursively to refine the
characterization further, and was illustrated on star graphs with either the central node or a leaf taken as
reference.
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Leveraging the uncertainty principle, I later developed an approach to transfer a signal from one graph to another,
offering a methodology to evaluate what a phenomenon observed on a particular graph could look like in a
different setting. This led to the following communication:

- -] [C,] Bastien PAspELouP, Hermina PETRIC MARETIC, Mireille EL GHECHE, Pascal

FrROSSARD (2019). “Une Approche Basée Incertitude pour Transporter un
Signal d’un Graphe a un Autre”. Colloque du GRETSI (pp. 37-40)

This article introduced a method for transporting a graph signal from a source graph to a target graph when
the two graphs have different topologies or numbers of nodes. Rather than attempting to establish a direct
node-to-node correspondence, the approach represents the source signal through its joint localization
properties in the graph and spectral domains, relying on the uncertainty region introduced by Agaskar
and Lu, whose attaining signals the preceding works had characterized. That region is delimited by four
identifiable points, associated with signals that are easy to characterize, and the sandwich algorithm allows
an arbitrary number of points to be estimated along its frontier. The method exploits this structure to
put the frontiers of the two uncertainty regions in correspondence, and then locates within the target
region, by angular triangulation with respect to the barycenters, the uncertainty pair equivalent to that of
the source signal. A proxy signal is finally constructed on the target graph by minimizing a criterion that
encourages the preservation of chosen statistical properties, under the hard constraints of a unit norm
and of the prescribed levels of concentration in both domains. This formulation turns signal transport
into a problem of finding a signal on the target graph with prescribed spatial and spectral localization
properties, without requiring an explicit alignment between the two graphs, although the solution is not
unique. Experiments on random geometric graphs illustrated the interest of the approach by clustering
signals representing the same underlying phenomenon observed on the two distinct graphs.

These works were compiled and extended in a book chapter on the uncertainty principle applied to signals on
graphs, providing a more complete reading on the topic:

@) [B,] Bastien PaspELOUP, Vincent GRIPON, Réda ALamI, Michael RABBAT (2019). “Un-

certainty Principle on Graphs”. Vertex-Frequency Analysis of Graph Signals (pp.
317-340), Springer

This chapter provided a comprehensive formulation of the uncertainty principle for graph signals, ex-
tending the classical time-frequency uncertainty principle to irregular graph domains. Written as a
self-contained tutorial, it first introduced graphs and their matrices, the semantics of edge weights, the
properties of the normalized Laplacian, graph signals together with notions of sharpness and of diffusion
sequences, and the GFT by analogy with the discrete Fourier transform, before turning to uncertainty. It
then defined, for unit-norm signals, a graph spread based on the graph distance and a spectral spread based
on the eigenvalues of the normalized Laplacian, both obtained as an infimum over a reference — a vertex
for the former, an eigenvalue for the latter — so that neither depends on an arbitrarily chosen reference
vertex, unlike the definitions used in the preceding works. The set of achievable pairs of spreads defines
the uncertainty domain, shown to be compact, and its lower frontier defines the uncertainty curve, which
characterizes the fundamental trade-oft between localization in the vertex and spectral domains. The
chapter then analyzed this framework for several representative graph families. For complete graphs and
star graphs, explicit expressions and bounds show that the uncertainty domain can approach the origin as
the number of vertices increases, which suggests that no non-trivial uncertainty principle holds for these
degenerate topologies. In contrast, for ring graphs, the spectral structure of the normalized Laplacian is
characterized through sinusoidal eigenvectors, and a positive lower bound on the uncertainty domain is
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established, proving the existence of a non-trivial uncertainty principle. Overall, the chapter established
that the possibility of simultaneously localizing a graph signal in the vertex and spectral domains is funda-
mentally determined by the graph topology, and identified the characterization of the graph families for
which the uncertainty principle does not hold as an important direction, since it is on those graphs that
very efficient sampling and reconstruction strategies could be devised.

My work on the uncertainty principle had a moderate impact, as was mostly incremental. Still, it provided
theoretical results that contributed to building knowledge on this topic. The book chapter however had a
more significant impact, as it provides an easy introduction to the topic, and is therefore often cited as a broad
introductory resource (e.g., [STANKOVIC ¢t al., 2021 [EEH]).

Il.i.4 From GSP and CNNs to GCNs

GSP has played a foundational role in the development of modern graph-based ML, in particular by providing the
mathematical framework underlying graph convolution, graph filtering, and spectral representations. Generaliz-
ing the convolution operation to graphs inspired architectures such as ChebNet [DEFFERRARD ¢t al., 2016 [E]]
(where graph convolution can be interpreted as the application of a learnable spectral filter to graph signals) and
the GCN [KIpF ez al., 2017 [EE] (which acts as a message-passing system, where local aggregation of neighbors
acts as a graph filtering operation). The other canonical branch of this lineage replaces the fixed aggregation
weights of a graph convolution by attention coefficients learned from the representations of the two linked
vertices, as GATs [VELICKOVIC ¢t al., 2018 [EE]] do. GCNs and their variations have since become a classic in the
taxonomy of AI models.

In my final year of PhD, I also developed a generalization of convolutions for graph signals. Contrary to the
other approaches, I wanted to first approximate a translation operator for graphs, and then use it to define a
convolution, as one would classically do in the time domain. These works on translation identification, done
in collaboration with Nicolas GRELIER, led to the following publication, also presented in [C.] and in a more

complete — though unpublished — preprint [P,]:

@ [C,] Nicolas GRELIER, Bastien PASDELOUP, Jean-Charles VIALATTE, Vincent GRIPON

(2016). “Neighborhood-Preserving Translations on Graphs”. GlobalSIP (pp.
410-414), [EEE

This work introduced a definition of translations on graph signals that relies only on the preservation
of neighborhoods, in contrast with spectral translations that are built directly from the graph Fourier
basis and that do not match the usual translations on regular domains. A perfect graphical translation
is defined as an injective map sending each vertex to one of its neighbors while preserving adjacency;
because such maps exist only on very particular graphs, a generalized version is also introduced, in which
vertices admitting no valid image are sent to an absorbing state, the requirement of preserving as many
vertices as possible being imposed vertex by vertex rather than globally — so loosely that, as the article
immediately observes, the map sending every vertex to the absorbing state qualifies as well. The central
result is that on cyclic grid graphs the only graphical translations are the usual elementary geometrical
ones — which are perfect — together with the degenerate map onto the absorbing state; partial results
are established for families of non-cyclic grid graphs, together with the conjecture that, whenever every
dimension has length at least six, the only graphical translations are those elementary translations and
the map collapsing everything onto the absorbing state. The article is purely theoretical and contains
no experimental evaluation, its only illustration being a comparison with a spectral shift operator on
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an example image. Finding such translations on arbitrary graphs is explicitly left as an open challenge,
because of the combinatorial explosion in the number of candidates, with the suggestion that modifying
the locality condition — that the image of a vertex be one of its neighbors — should allow other isometries,
such as rotations, to be captured in the same way.

Using this approach, the final contribution of my PhD was to develop a pipeline that would leverage my work on
graph inference and translation identification to build a graph convolutional model, even in the case where no
graph is available. These results, summed up in Figure 4, were presented in multiple workshops and seminars [W;
S;; S4§ Ss; SG]
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Figure 4 Proposed methodology to create a CNN from a given set of signals to classify. (a) From a set of signals,
we infer a graph; (b) Then, we identify some translation operators on that graph; (c) We instantiate a
kernel on the graph, with trainable weights; (d) Using the previously found translations, we translate
the kernel so that it gets centered on every possible vertex. Once the kernel has been localized on every
vertex, we can define a corresponding convolutional layer; (e) By considering various initializations, we
obtain different layer shapes. A CNN can then be constructed by assembling them to form a complex
network; (f) Finally, the CNN is trained using the data from which the whole process started.

Overall, this work did not have any real impact, due to the high complexity of identifying translations on an
irregular graph — an NP-complete problem — even with the proposed approximations, and performance that
did not match other approaches [P,]. The work on translation identification is sometimes cited as an attempt
at generalizing this operator [GHANDEHARI ¢f 4l., 2021 [EEl; Souop ez al., 2026 [EE], but the derived CNN did
not compete with existing approaches. Still, I am happy with this work, which was very timely, and marked a
shift in my career toward AL
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A possible application of GSP is improving of performance of AI models, by taking into account a graph that
models relationships between some data. In a work with Mounia HAMIDOUCHE, we explored how filtering on a
graph of similarities in feature space could help improve classification accuracy:

-] [C.,] Mounia HaMIDOUCHE, Carlos LassaNCE, Yuqing Hu, Lucas DRUMETZ,

curacy with Graph Filtering”. /CIP (pp. 334-338), IEEE

This work proposed to reduce intra-class noise in the latent space of a trained DNN using graph filtering,
in order to improve classification accuracy. For each class of the labeled set, a graph is built whose vertices
are the samples of that class and whose edges connect £ nearest neighbors according to the cosine similarity
of their feature vectors; the features are then seen as graph signals and low-pass filtered, after which only
the classifier is retrained on the denoised representations. Under a Gaussian model of the features, and in
the ideal case of a complete graph per class and of a perfect step filter, the article showed that this filtering
preserves the expectation of the class centroid while reducing its covariance, which vanishes as the number
of labeled samples per class grows; extending the result to the k-nearest-neighbor graph and the three-level
filter actually used is left as a conjecture. Experiments in the few-shot setting on Mini-ImageNet, CUB,
CIFAR-Few-Shot and Tiered-ImageNet, and in the standard setting on CIFAR-10, showed that the
procedure slightly improves upon state-of-the-art results in both regimes. The filter itself was hand-tuned
and kept fixed across the four few-shot datasets, although the standard regime called for a different graph
and different filter parameters, the design of an optimal graph filter being left as an open question.

GSP can also be used for understanding models. As an example, using graph smoothness to measure organization
of labels across various layers, [GRIPON ez al., 2018 [EE]] has shown that well-trained, under-trained, and overfitting
models had distinct layer organizations, allowing one to monitor training. Following this work, I contributed
with some of the authors to a book chapter, reviewing how GSP could help deep learning:

@ [B.] Carlos LassaNce, Myriam BoNTONOU, Mounia HAMIDOUCHE,
Bastien PAspELoUP, Lucas DRUMETZ, Vincent GRIPON (2022). “Graphs

as Tools to Improve Deep Learning Methods”. Advances in AI: Reviews (vol. 2),
1FSA Publishing

This chapter reviewed the use of graphs constructed from intermediate representations of DNNs to
analyze and improve their behavior. The considered graphs — termed latent geometry graphs — have
samples as vertices, and edge weights encoding similarities between their representations at a given network
layer. These graphs are then exploited through four families of approaches. First, graph smoothness
and spectral quantities are used to interpret intermediate representations: a label smoothness measure
is shown to separate correctly optimized architectures from under- and overfitted ones, and to keep
evolving after the training accuracy has saturated, which suggests using it as a stopping criterion; related
methods identify the training samples or image regions that most influence predictions. Second, graph
filtering is used to denoise intermediate representations, exploiting the assumption that semantically
similar samples should have similar representations, with a particular interest in the few-data regime.
Third, graph-based objective functions are incorporated into the learning process as losses, either to
encourage desirable geometric properties of the learned embeddings, or to transfer the geometry of a large
network onto a smaller one through graph knowledge distillation, thereby compressing the architecture.
Finally, graph regularization is used during training to improve the robustness of the network to input
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noise, adversarial perturbations, and perturbations of its own parameters and activations, an idea pushed
turther by architectures that interleave graph and image filters. The chapter therefore presented graphs as
tools for analyzing, controlling, and improving conventional DNNSs, rather than as objects to be learned
or processed for their own sake.

While the chapter did not have any impact, the work on GSP-based filtering of data for deep learning served as a
preprocessing step in some works for performance improvement [PAN ¢z al., 2023 [E8; KANG ez al., 2024 [EE]].

Finally, we explored the use of GSP for contrastive learning, by reading a batch of augmented views as a graph.
This work was conducted with Ilyass MoumMmMaD, PhD student in the BRAIN team, and was presented during
a workshop as follows:

Learning Using Random Walk Laplacian Matrix”. GSP Workshop

This work proposed a contrastive SSL objective derived from the random-walk Laplacian of a graph of
augmented views. Within a training batch, each augmented view of an image is a vertex, edge weights are
given by the exponentiated inner product of the encoder outputs, and the row-normalized adjacency
matrix is read as a matrix of transition probabilities between views. The loss then simply pushes the
transition probability toward one between two views of the same image, and toward zero between views
of different images, which yields a formulation close to the SimCLR objective but without its logarithm
and without a temperature parameter. Evaluated by linear probing on CIFAR-10, with a ResNet-18
backbone trained for 100 epochs using standard image augmentations, the method reached 84.03%
accuracy against 80.17% for SimCLR under the same budget, while remaining behind a competing
Laplacian-eigenmap approach trained eight times longer. This preliminary work therefore suggested that
reading a batch of augmentations as a random walk on a graph of views can yield a simpler contrastive
objective, and left the study of a temperature parameter, of alternative similarity measures, and of transfer
to downstream tasks for future work.

IL1.6 Application: GSP for Brain Signals

My works in GSP gave me opportunities to work on complex signals, evolving on graphs. Such representations
are very common in numerous applications, where multiple variables are considered, with their relationships
analyzed. This is notably true in neuroscience, where researchers are interested in measuring the activity at some
specific locations of the brain, and analyzing co-activity of these areas to classify events, or — more fundamentally
— to understand its functioning.

At the time of my PhD, two neuroscientists were present in the team: Nicolas FARRUGIA and Mathilde
MENORET. I had the opportunity to work with them, to compare graph inference approaches on fMRI
datasets. This work led to the following publication:
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@ [Cy] Mathilde MENORET, Nicolas FARRUGIA, Bastien PASDELOUP, Vincent GRIPON

(2017). “Evaluating Graph Signal Processing for Neuroimaging Through
Classification and Dimensionality Reduction”. GlobalSIP (pp. 618-622), IEEE

This article evaluated whether GSP can improve the decoding of fMRI recordings, taken volume by
volume over the regions of a brain atlas, by using graph-based representations as a dimensionality-reduction
step whose quality is measured through downstream classification accuracy. Seven graphs were built
over these regions, from their geometric proximity, from resting-state functional connectivity, or from
a combination of both, and two reduction strategies were considered: graph sampling, which selects
the vertices where the energy of the signal is the most concentrated over a frequency band of interest
and classifies in the vertex domain, and a projection onto the graph Fourier basis followed by a statistical
selection of the components. Experiments were conducted on a simulated fMRI dataset and on a real open
dataset, and compared these representations with conventional dimensionality-reduction techniques.
Two tendencies stood out, neither of them without exception: among the mixed graphs combining
geometry and functional connectivity, one outperformed the graphs built from either source alone while
the other fell behind both, and graph sampling outperformed principal and independent component
analysis on the most difficult simulated group, whereas the statistical selection prevailed on the easiest
one and no comparison reached significance on the real dataset.

Another use of GSP for brain signals I studied was to try to determine whether an EEG signal would deviate
from a stationary process on a graph across time, thus indicating a change in brain activity. This work, which I
conducted with Ali DADRAS, led to the following workshop publication:

Varying Signals on Graphs Through Their Deviation from a Stationary
Behavior: Preliminary Results on EEG Signals”. GSP Workshop, EPFL

This article introduced a framework for characterizing non-stationary, time-varying graph signals through
their deviation from a stationary behavior. For a given EEG recording, the graph is taken to be the
covariance matrix of the electrodes, so that stationarity amounts to the sample covariance sharing its
eigenvectors with that matrix. Sliding windows are extracted from the recording, a sample covariance
matrix is computed for each of them, and the eigenvalues of these matrices are projected onto the eigenbasis
of their average; because the windowed covariances are not aligned with that common basis, the residual
left by the best diagonal approximation — measured through its spectral radius — provides a local measure
of the deviation from stationarity, while the sequence of projected eigenvalues traces a trajectory expected
to be characteristic of the class. These preliminary results, obtained on the motor-imagery dataset of
the Berlin BCI group, showed that peaks in the deviation curve coincide with visible patterns in the
corresponding EEG signal, suggesting that the measure locates moments characteristic of a particular
activity. Extracting discriminant features from these trajectories, and thereby actually classifying the
recordings, was identified as the next step of the work.

The work in [Cs] was one of the first successful attempts at demonstrating the interest of GSP for neuro-
science, and often serves as an example of applications of GSP in practical situations [ORTEGA ez 4l., 2018 [EE];
MATEOS ez al., 2019 [EE]. It also inspired similar works such as [MORTAHEB ¢7 4., 2019 [EE]] on high-density
EEG, and served as a basis for co-authors’ subsequent research [L1o1 ez 4l., 2021 [EE].

Additionally, this collaboration with neuroscientists was for me a first step in the world of brain signals and —
more generally — healthcare-related applications. During my PhD, I leveraged the experience I gained from this
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work to evaluate the methodology proposed in Section IL.1.4 on fMRI data [P, ]. Later, fMRI and EEG signals
became a recurrent subject for other of my contributions in applied Al

IL.2  Artificial Intelligence

IL2.1 The Domain in a Coconutshell

Before trying to define Al in a short introductory section, let me make it clear that this will be very shallow, and
will miss tens of thousands of relevant references. This section will mostly try to situate elements relevant to my
work in the constellation of subdomains of Al

So first, what do I mean by AI? Since the birth of the field [TURING, 1950 [EE]; DARTMOUTH ), the term has
changed meaning on several occasions over time based on prevalent approaches [RUSSELL ez 4l., 2021 [EE]] and
does not carry the same meaning depending on whether you ask a chess player, a science fiction addict, or a
student in the LLMs era. In this document, I will focus on technical definitions and — depending on context —
will use Al as one or the other of the following definitions:

! Definition 1 Artificial Intelligence (AI) {

(~ 2010 — 2020)

A broad family of computational methods for performing tasks traditionally associated with intelligent
behavior, mostly dominated by ML approaches that learn representations and decision functions from
data. Neural network-based approaches — such as CNNs, GCNs or transformers — became particularly
prominent during this period.

(~ 2020 — current)

A broad family of computational systems capable of learning, generating, reasoning, and acting toward
specified objectives, increasingly built around foundation models, generative models, and autonomous
or agentic systems. These systems extend data-driven learning with generation, interaction, tool use, and
adaptation across tasks and modalities.

Over the past two decades, the field has undergone several major paradigm shifts. The first was the progressive
dominance of DNNs over more traditional approaches based on hand-crafted features and task-specific rep-
resentations, following breakthroughs in image recognition and subsequently extending to a broad range of
domains [KRIZHEVSKY et al., 2012 [EZl; LECUN et al., 2015 B2; GOODFELLOW et 4l., 2016 [EE]. The success of
deep learning was driven not only by advances in architectures and optimization, but also by the increasing
availability of computational resources and large-scale datasets [DENG ez al., 2009 [E5l; SHOEYBI ¢t al., 2019 [EE]].
This period progressively shifted the emphasis from designing task-specific representations toward learning
representations directly from data [BENGIO ez al., 2013 [EE].

A more recent shift has been from training models for individual downstream tasks toward pretraining increas-
ingly large, general-purpose models that can subsequently be adapted to a wide range of tasks. This paradigm,
formalized under the notion of “foundation models” [BOMMASANI ez al., 2021 [E], has substantially changed
the way models are developed and used: rather than learning a new model from scratch for each task, a common
pretrained model can serve as a basis for prompting, fine-tuning, few-shot adaptation, or other forms of down-
stream specialization [BROWN ez al., 2020 [EE]; L1u ez al., 2023 [EE]]. This evolution has also been accompanied
by a rapid increase in the scale of both models and training datasets, with empirical scaling laws demonstrat-
ing systematic relationships between model size, dataset size, compute, and performance [KAPLAN ez al., 2020
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[EE]; HOFFMANN ¢t al., 2022 [EE]]. Consequently, the availability and curation of large-scale data have become
increasingly central to the development of competitive Al systems.

More recently, these models have increasingly been extended beyond passive prediction or generation toward
systems capable of interacting with external environments and software. Agentic systems can combine model-
based reasoning with planning, external memory, retrieval, code execution, and tool use [WANG ez al., 2024
[E=]]. At the same time, multimodal models increasingly integrate information from several modalities, such
as text, images, audio, video, and structured data, within shared or interacting representations [L1 ¢z 4/., 2024
[EE]; L1v ez al., 2024 [E]]. These developments blur the traditional boundaries between subfields such as NLP,
computer vision, speech processing, and RL, and contribute to an increasingly unified view of Al systems.

The landscape of contemporary Al is therefore not limited to the development and training of models, but also
encompasses numerous non-exclusive research directions concerned with how models are understood, adapted,
deployed, and integrated into larger systems. These include, among others, model compression and efficient
inference, mechanistic interpretability, world models, data-centric Al alignmentand safety [OUYANG ez al., 2022
(2], and agentic systems (see e.g., [SAJADIEH ez al., 2026 [EE; TGRS )] for further examples). Rather than
forming a strict taxonomy, these directions cut across model architectures, learning paradigms, application
domains, and stages of the Al lifecycle.

Despite the rapid progress of Al several fundamental challenges remain open. Current general-purpose models
exhibit highly uneven capabilities: they can solve increasingly complex problems while still failing on seemingly
simple tasks, producing hallucinations, making basic reasoning errors, and struggling with long-horizon or
physical-world interactions [AI SAFETY REPORT @)]. Improving the reliability, robustness, and generalization of
these systems therefore remains a major challenge, particularly as models are increasingly deployed in high-stakes
settings and as agentic systems gain the ability to autonomously interact with external tools and environments.
At the same time, the continued scaling of models raises questions about the availability of high-quality training
data, computational resources, and energy, while also motivating research into more efficient architectures,
training procedures, inference, and model compression [KAPLAN ¢f 4l., 2020 [E8; HOFFMANN ez 4l., 2022 [E].
Another increasingly important challenge is evaluation: traditional benchmarks often provide an incomplete
picture of real-world capabilities, may suffer from data contamination, and do not necessarily capture the relia-
bility of systems operating over long sequences of actions or in changing environments [AI SAFETY REPORT
). Finally, the increasing autonomy and societal deployment of Al systems raise broader challenges con-
cerning interpretability, privacy, security, fairness, alignment, and human oversight [AI SAFETY REPORT S;
HucGINGFACE INCIDENT @)]. Addressing these challenges will likely require progress not only in model
architectures and learning algorithms, but also in data curation, evaluation methodologies, system design, and
our ability to understand and control increasingly capable models.

My transition toward Al from more traditional areas of computer science and signal processing approximately
coincided with my appointment as an Associate Professor. Consequently, many of the contributions presented
in this section emerged from research projects conducted with the interns, PhD students, engineers, and post-
doctoral researchers whom I supervised. My role in these works has therefore often been to formulate research
directions, discuss methodological frameworks, and challenge their implementation, in close collaboration with
the researchers involved.

IL.2.2 Few-Shot Learning

Within this vast landscape of Al I have chosen to focus my research on specific topics that I believe are both
relevant to my applications of interest and sufficiently fundamental to have broader applicability. I have also
sought to connect these topics to flagship domains, particularly vision and language, so as to leverage and
contribute to the most recent advances in the field.

FSL was thus a natural candidate for my research. Ata time when major advances in AI were increasingly driven by
scaling model size, training data, and computational resources [KAPLAN ez al., 2020 [E8l; HOFFMANN ez al., 2022
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[EE; BoMMASANTI ez al., 2021 [EE], FSL instead addressed the complementary problem of adapting models to
new tasks or domains when only a small number of labeled examples are available [VINYALS ez al., 2016 [2];
SNELL ez al., 2017 [E8; FINN ez al., 2017 [E8; SONG ez al., 2023 [EE]. This setting is particularly relevant to real-
world applications in which obtaining large annotated datasets may be prohibitively costly, time-consuming,
or otherwise impractical. Moreover, FSL has historically been strongly connected to the flagship modalities
of A, with much of its methodological development and benchmarking taking place in computer vision and,
increasingly, NLP [WANG ¢z al., 2020 [E8; BROWN ez al., 2020 [EE]].

The PhD of Yassir BENDOU was central to this topic. His interests in both vision and LLMs, as well as his strong
technical and theoretical skills, made several important contributions to FSL possible:

@ [T,] Yassir BENDOU (2024). “A Data Modeling Perspective on Few-Shot Image
Classification”. Ecole Nationale Supérieure Mines-Télécom Atlantique (PhD)

In his PhD, Yassir BENDOU proposed to study few-shot classification from the perspective of explicitly
modeling the data distribution in the feature space, rather than focusing solely on the design of increasingly
complex classifiers. The thesis first investigated how strong representations and simple inference strategies
can provide competitive few-shot performance, leading to EASY, an ensemble-based approach combining
SSL, data augmentation, multi-crop inference, and simple classifiers. A second contribution revisited the
adaptation of large VLMs through a kernel perspective, showing that competitive training-free adaptation
can be obtained by choosing an appropriate kernel over the available samples. The thesis then addressed
the problem of understanding and predicting generalization in the few-shot regime by introducing a
statistical model linking the geometry and class statistics of the feature space to the expected classification
accuracy, providing a way to estimate performance without resorting to cross-validation. The fourth and
last core contribution introduced zero-shot one-class classification as a problem of its own, together with
a dedicated benchmark. Additional contributions explored how information about unseen classes can be
inferred from auxiliary modalities — textual descriptions combined with CLIP representations to predict
latent class statistics — and the disambiguation of one-shot visual tasks.

A first work we did was to try to identify which elements in an image could create ambiguity in a few-shot image
classification task. To do so, we used random crops, and studied the distribution of their embeddings in feature
space, with the objective of distinguishing distinct objects at small cost (note that detection/segmentation could
also have been used without this constraint, e.g., using ViTs [DOSOVITSKIY ez al., 2021 [EE]; CARON ez al., 2021
[E=]]). This led to the following contribution:

@) [C.] Yassir BEnpou, Lucas DrRUMETz, Vincent GripoN, Giulia Lior,

(de la Désambiguisation d’une Tiche de Classification avec un Exemple)”.

Collogue du GRETSI (pp. 1313-1316)

This work identified a source of ambiguity specific to one-shot image classification: a labeled image may
contain several objects, while only one of them corresponds to the class label. Rather than treating this
ambiguity as noise, the approach exploits it by analyzing the distribution of representations obtained
from multiple random crops of the image. Using a pretrained feature extractor, these representations
are modeled as lying within a simplex whose vertices correspond to the different objects present in
the scene. The vertices are estimated through an optimization problem combining a reconstruction
term with a regularization penalizing the perimeter of the simplex, so as to keep its vertices close to
actual crops, while the number of vertices is automatically selected from the reconstruction error by an
elbow criterion. The estimated vertices are then shrunk toward the average crop representation, and
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the resulting object-level representations are used for nearest-neighbor classification between support
and query images. Experiments on 10 one-shot 5-way problems from Mini-ImageNet showed that this
simple disambiguation strategy slightly improves upon the previous state of the art, while also providing
interpretable evidence of the different objects contributing to an image’s representation, and a way to
identify the ambiguous images that act as confusion factors in a dataset.

As we could achieve good performance with such a simple approach, we asked ourselves what the sufficient
elements in the FSL literature were to build an efficient classification pipeline, as it contained numerous tricks,
preprocessing operations, normalizations, etc. that were not clearly useful in the general case. This research led
to the development of such a simple model, published as follows:

-] [J.] Yassir BENDOU, Yuqing Hu, Raphael LAFARGUE, Giulia L1o1, Bastien PAsDELOUP,
Stéphane PATEUX, Vincent GRIPON (2022). “EASY: Ensemble Augmented-Shot
Y-shaped Learning: State-of-the-Art Few-Shot Classification with Simple

Components”. Journal of Imaging (vol. 8, nb. 7, art. 179), MDPI

This article investigated how far few-shot image classification could be pushed through a careful com-
bination of simple and well-established techniques, motivated by the observation that many methods
were evaluated with relatively weakly trained backbones. EASY was introduced as a pipeline combining
SSL backbone training, data augmentation, multi-crop inference, and ensembling. The backbones are
trained on the base classes using a Y-shaped architecture, jointly optimizing the standard classification
objective and a rotation-prediction task, together with manifold mixup. Several independently initialized
backbones are then frozen and used to extract features from novel images: multiple random crops are
processed by each backbone and their representations are averaged, while the resulting representations
from different backbones are concatenated, the size of each backbone being reduced so that comparisons
are made at an equal total number of parameters. After centering and projection onto the hypersphere,
classification is performed using a simple nearest-class-mean classifier in the inductive setting or soft
K-means in the transductive setting. Extensive ablation studies showed that the augmented samples
obtained by multi-crop inference were the only ingredient to help consistently, the complete pipeline not
always being the most efficient combination — the backbones being suspected of carrying too few parame-
ters for the largest datasets. The method nonetheless reached or surpassed state-of-the-art performance
on standard few-shot benchmarks, in some cases improving previous results by more than one percentage
point, and the advantage persisted in the harder transductive setting where the number of queries per
class is unknown. Beyond the resulting performance, the main contribution was to establish a strong,
simple, and reproducible baseline, highlighting the importance of evaluating increasingly sophisticated
few-shot algorithms against a well-trained representation and a straightforward inference pipeline.

This article — which received the MDPI Journal of Imaging best paper award — was highly influential in the
community, establishing a simple and eflicient baseline against which subsequent approaches could be com-
pared. For example, [JIANG ez al., 2025 [EZ]] included EASY in their comparison of ensemble-based few-shot
methods and investigated how different training and adaptation strategies can be combined to improve ensemble
performance. This continued use of EASY as a baseline is consistent with its original objective of providing a
strong reference built from simple and complementary components, against which more elaborate few-shot
techniques can be fairly evaluated. Given its simplicity, the model was also adopted by researchers from Tohoku
University, who later started a collaboration with members of the BRAIN team, to use as a basis for research on
efficient embedded FSL [TsuYUKI ez 4l., 2026 [EE]]. We have also been using EASY as a demonstrator in public
outreach events [A;]. Finally, the performance of EASY remains competitive, with the model still ranking among
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the best-performing methods on few-shot image classification benchmarks [FEw-SHOT LEADERBOARD S
OrEN CoDE PaPERs ).

Following these works, we continued investigating properties of representations in the feature space. In the
following work, we tried to evaluate whether a pretrained ResNet [HE ez a/., 2016 [E]] is adapted to a few-shot
task, without access to evaluation datasets, and without repeatedly running the model, relying solely on the shots
and on assumptions on the distribution. This work led to the following publication, as well as a communication
in [C,;]:

@) C,.] Yassir BENDOU, Vincent GRIPON, Bastien PaspELoup, Giulia Lior, Lukas
MaucH, Stefan UHLICH, Fabien CARDINAUX, Ghouthi BoUukLI-HACENE, Javier
Alonso GARCIA (2023). “A Statistical Model for Predicting Generalization in

Few-Shot Classification”. EUSIPCO (pp. 1260-1264), IEEE

This work proposed a statistical model to predict the generalization error of a few-shot classifier directly
from the few labeled samples available for the task, thereby avoiding the validation set that few-shot
settings cannot afford. Each class is modeled as a Gaussian in the feature space, and for the binary
isotropic case an analytical expression of the probability of error of a nearest-class-mean classifier is
derived, depending only on the distance between the class means and the within-class standard deviation;
beyond two classes, the error is estimated by Monte-Carlo sampling in the (n — 1)-dimensional subspace
spanned by the differences of class means, which is the only subspace affecting the decisions of such a
classifier. A central observation is that the naive plug-in estimator of the distance between class means is
positively biased, which systematically underestimates the probability of error in high dimension with
few samples; the article therefore derived the expression of that bias, proposed an unbiased estimator,
and realized the corrected distances through multidimensional scaling before sampling. On 103 five-class
problems drawn from Mini-ImageNet, Tiered-ImageNet and Meta-dataset with a ResNet-18 backbone,
the approach predicted accuracy more faithfully — in terms of mean absolute percentage error — than leave-
one-out cross-validation in the low-sample regime, and than the Davies-Bouldin index on every dataset
but Mini-ImageNet, where that baseline stays competitive, while the variant without bias correction
failed, confirming that the correction is the key ingredient. Beyond providing a practical alternative to
cross-validation, the work offers a statistical interpretation of few-shot generalization by identifying the
separation and compactness of class distributions as the factors governing classification performance.

This work was nominated among the finalists of the best student paper award at EUSIPCO 2023.

Finally, Yassir BENDOU explored the added value of textual information for few-shot image classification. Using
a similar idea as in [C,,], we used textual descriptions of classes to estimate the distribution of the feature
representations of data. This work was presented in the following workshop:

- -] [W.] Yassir BENDOU, Vincent GRIPON, Bastien PAspELOUP, Giulia Lior, Lukas
MaucH, Fabien CARDINAUX, Ghouthi BOUKLI-HACENE (2023). “Inferring
Latent Class Statistics from Text for Robust Visual Few-Shot Learning”.

NeurIPS RO-FoMo Workshop

This work investigated whether semantic information available in text can be used to infer the latent
statistics of visual classes and thereby improve few-shot image classification. Using CLIP to obtain a shared
representation of images and text, the empirical mean and a diagonal covariance are first estimated for each
class of a base dataset, after which two small MLPs are trained to regress these statistics from the textual
features alone — either a simple prompt built from the class label, or a more informative visual description
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generated by an LLM, the latter proving preferable on datasets with uncommon class names. At test
time, the predicted mean is interpolated with the empirical mean of the few available shots, the predicted
covariance is shrunk toward the identity, and classification is performed with a Mahalanobis distance,
so that the text-derived statistics compensate for the limited information carried by the support set.
Experiments on base datasets of natural and fine-grained images, and on nine cross-domain benchmarks,
showed that incorporating text-derived class statistics improves robustness, particularly when the visual
support set is extremely small or poorly representative of the underlying class distribution, and that
the covariance matters most in the one-class setting where a single class has to be distinguished from
everything else.

We later extended the idea to the labels only, by prompting an LLM for counter-examples that resemble the
target class and help define the decision boundary. This unpublished work is available in [P, ].

Some time after these works, with the emergence of foundation models for image segmenta-
tion [KIRILLOV ¢fal., 2023 [EE] — with which I familiarized myself during an unpublished work with
Hafsa EL Haryant [P] - I proposed a student project that leveraged ideas developed during the PhD of Yassir
BenDoOU [C,,], in particular regarding localization of objects in an image to improve few-shot classification.
This project, conducted by Jonathan Lys during his internship, and pursued by Clément BELIVEAU ez al. in a
student project, led to the following publication:

@) [C,5] Jonathan Lys, Frederic LIN, Clément BELIVEAU, Jules DECAESTECKER, Yassir BEN-

Classification with Unsupervised Segmentation”. EUSIPCO (pp. 1791-1795),
IEEE

This article investigated whether unsupervised image segmentation could improve few-shot image classifi-
cation by explicitly separating the potentially different semantic objects contained in an image. FICUS
was introduced as a fully training-free framework that decomposes each query image into a set of regions
and extracts a representation for each of them with a pretrained visual encoder. The decomposition
chains existing pretrained models: eigenmaps produced by the deep spectral method provide the prompt
points for a class-agnostic segmentation model, the best of the three candidate scales it returns for each
prompt is selected by IoU with an Otsu thresholding of the eigenmap, redundant masks are removed by
non-maximum suppression, and the original image is kept among the resulting crops so that a segmenta-
tion failure cannot degrade the prediction. Rather than aggregating the region-level representations into a
single descriptor, classification assigns to a query the label of the class prototype closest to any of its crops,
which amounts to selecting the most discriminative region of the image. The approach was evaluated in
the inductive setting on PascalVOC, CUB and ImageNet, and compared both with an automatic mask
generator and with an oracle using ground-truth bounding boxes that bounds the gain achievable by
cropping. Experiments showed that explicitly accounting for the spatial structure and multiple visual
components of an image improves the performance of state-of-the-art few-shot classifiers, particularly
when the object defining the class occupies only part of the image. The improvement over the automatic
mask generator is slight, however, and the oracle remains well above both, so that better localization stays
an open direction.

This project, as was the case for many of my previous works in FSL, integrated questions regarding ambiguity
(here, caused by multiple objects in an image), which is a topic I have been enjoying throughout my research.

This question was also central to a collaboration I did with Raphael LAFARGUE during his PhD in the BRAIN
team, though regarding ambiguity caused by classes. The central question of our work was to evaluate whether
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some classes could act as confusing factors for the few-shot classification of elements of another class, and to
make the model disregard them when producing feature representations, to improve few-shot classification.
This work led to the following article and its unpublished extension [Ps]:

@ [C.,] Raphael LAFARGUE, Bastien PAsDELOUP, Jean-Philippe D1GUET, Vincent GRIPON

(2022). “Classes Adversaires dans ’Apprentissage avec Peu d’Exemples”. Col-
loque du GRETSI (pp. 197-200)

This work questioned the widely held assumption that a pretraining dataset should be as large and as
diverse as possible, and showed that in few-shot image classification less can sometimes be more. The
notion of “adversarial class” was introduced to designate a class of the generic pretraining dataset whose
presence during training degrades the ability to discriminate a given pair of novel classes, so that removing
it from pretraining improves few-shot accuracy. To explain when this happens, the quality of the feature
space is modeled through a signal-to-noise ratio, defined as the distance between the two novel class
means divided by their average intra-class standard deviation, and any feature vector is decomposed over
the approximately orthogonal directions associated with the generic classes. Three mechanisms follow,
according to whether a generic class is orthogonal to the discriminative direction — in which case removing
it only affects the noise — or shares features with both novel classes, and is therefore adversarial, or is close
to only one of them, and is therefore beneficial. Experiments on Mini-ImageNet trained 65 ResNet-12
extractors, one on all 64 generic classes and one for each class removed, and measured for every triplet the
gain in few-shot accuracy over 20,000 episodes together with the gain in signal-to-noise ratio. The two
were significantly correlated, and an RF using the signal-to-noise ratio together with the cosine similarities
within the triplet predicted the gain with a coefficient of determination of 55%; interpretable cases were
exhibited, such as a gain of more than 3.5% on discriminating dalmatians from lions once a class of
underwater images is removed. This work therefore shifted the focus from the quantity of pretraining
data to its composition, questioning the existence of universal feature extractors and suggesting that
domain knowledge used to select pretraining classes can significantly improve few-shot performance.

Later, Raphael LAFARGUE proposed a very interesting analysis of a widespread benchmarking issue in the
literature of FSL, showing a real problem of underestimation of confidence intervals, due to the commonly
accepted procedure accounting for the sampler randomness but not the data itself [LAFARGUE ez al., 2024 [EE]].
These findings called into question numerous benchmark-centric publications, which I believe emphasizes the
need for simple, well-evaluated approaches.

In addition to this issue, the rapid development of foundation models has progressively changed the role of
FSL in ML. Originally motivated by the difficulty of learning new visual concepts from only a handful of
labeled examples, FSL increasingly benefits from representations acquired through large-scale pretraining, which
can substantially reduce or even eliminate the need for task-specific examples. This transition was particularly
evident with VLM:s such as CLIP, which demonstrated that large-scale multimodal pretraining can provide
strong zero-shot transfer to previously unseen visual classification tasks simply by associating images with textual
descriptions of the target classes [RADFORD ez al., 2021 [E]]. More broadly, the scaling of foundation models
has led to increasingly strong zero-shot and in-context learning capabilities, with LLMs demonstrating the
ability to perform new tasks from instructions or a small number of demonstrations without task-specific train-
ing [BROWN ¢z al., 2020 [E8l; WEI ¢z al., 2022 [E&l; BOMMASANI ¢ al., 2021 [EF]. Although the interpretation of
such capabilities as genuinely emergent remains debated [LU ez a/., 2024 [EE]], this evolution nevertheless changes
the nature of the few-shot problem: rather than learning a new task primarily from a few examples, the challenge
increasingly lies in effectively exploiting and adapting knowledge already encoded in a pretrained foundation
model. FSL therefore appears less as a standalone learning paradigm and more as one regime within the broader
problem of transferring, prompting, and adapting foundation models under limited supervision.
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Overall, my work on FSL has mainly focused on understanding how the structure of the data and its representation
influence generalization when only a few labeled examples are available. This and the frequent background
question of confusing elements across my works led me to propose the “Encouraging Diversity in FSL” project.
In a few words, ENDIVE aims at exploring what diversity (of data or features) can bring to Al and especially for
ESL, through the use of random sampling procedures. This project is described in more detail in the following
sections and in Section IIL.r.L.1.

I1.2.3 From FSL to LLMs

Following Yassir BENDOU’s work on the inclusion of text as an important modality for processing images, I
decided to focus a larger part of my research on LLMs. This transition was motivated by the increasingly cen-
tral role of language in multimodal foundation models. The success of large-scale VLMs demonstrated that
text can provide not only an additional source of information for visual tasks, but also a semantic interface
through which visual concepts can be specified and transferred to previously unseen tasks in a zero-shot man-
ner [RADFORD ez al., 2021 [EE]]. This role has progressively expanded, with multimodal foundation models using
language as an interface to combine visual and textual information and, more broadly, to integrate heterogeneous
modalities [ALAYRAC ef al., 2022 EZ; L1 et al., 2023 [EEl; GIRDHAR e 4l., 2023 [EF]]. In this context, the few-shot
setting that motivated much of my earlier work has increasingly become one regime within a broader paradigm
in which large pretrained models provide substantial prior knowledge and can be adapted through instructions,
prompts, or a small number of examples. This evolution naturally led me to consider LLM:s as central research
objects, rather than as tools to use as support for other projects.

However, research on LLMs is not an easy domain for a small research team to compete in, given the extremely
rapid pace of progress and the substantial computational and data resources required to train and evaluate
state-of-the-art models. The strong scaling trends observed for language models [KaPLAN ez al., 2020 [E;
HOFFMANN ez al., 2022 [E] have contributed to an increasingly competitive environment in which progress
is closely tied to access to large-scale computing infrastructures and massive training corpora. This makes it
difficult for academic teams without comparable resources to compete directly on model scale. Rather than
attempting to reproduce this race toward increasingly large models, it therefore appeared more promising to
focus on questions where smaller teams can provide distinctive methodological contributions. For these reasons,
I chose to devote greater attention to diffusion models, which have emerged as an interesting alternative to the
more common autoregressive models. These two approaches differ as follows:

* Autoregressive language models — These models generate text sequentially by factorizing the probability
of a sequence into a product of conditional probabilities, with each token predicted from the tokens generated
previously. This formulation, initially introduced by [BENGI0 ez 4l., 2003 [EF]] for neural networks, underlies
modern LLMs such as GPT [RADFORD ¢t al., 2018 [E8]; BROWN ez al., 2020 [EE]] and naturally supports left-
to-right generation and causal modeling [ZHAO ¢t al., 2026 [EE]].

* Diffusion language models — In contrast, diffusion models formulate generation as an iterative denoising
process. As for images [Ho ¢z al., 2020 [EF], a forward process progressively corrupts a text sequence, typically
by masking or replacing tokens — in the spirit of the masked prediction objective of BERT [DEVLIN ez 4., 2019
[E=]] - while a neural network learns to reverse this corruption and recover the original sequence from an increas-
ingly noisy representation [HOOGEBOOM ¢t al., 2021 [E8l; AUSTIN ¢z al., 2021 [EE]. Rather than committing
to one token at a time, diffusion models can therefore predict and refine multiple positions simultaneously,
potentially allowing information from the entire sequence to contribute to each prediction. This difference
provides greater flexibility in the generation process, including the possibility of iterative refinement and non-
autoregressive generation, although it also introduces additional computational steps during sampling. Recent
diffusion language models such as D3PM [AUSTIN ¢z al., 2021 [E2]], DiffusionBERT [HE ¢z 4l., 2023 [EE], and
SEDD [Lou ez al., 2024 [EE]] have demonstrated that this alternative formulation can support competitive
language generation while opening different possibilities for controllable generation, infilling, and efficient
decoding [L1 ez al., 2025 [EE].
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Three of my current PhD students are focusing a large part of their research on LLMs, and especially on the
discrete diffusion ones described in the remainder of this section.

Historically, this axis of my research became very prevalent thanks to Jonathan Lys, whom I recruited for a PhD
after his earlier internship, on topics related to the ENDIVE project. As mentioned earlier, FSL was slowly
becoming a subproblem of foundation model adaptation, rather than a paradigm of its own. This change,
along with the very strong interest of Jonathan Lys in diffusion-based approaches, led me to partly reorient the
ENDIVE project to give more space to LLMs, still under the prism of diversity.

Before introducing our work on diversity-related aspects, I want to introduce two contributions we made to try
to improve pretrained autoregressive models. First, as data flows through the model, we asked ourselves whether
looping on some layers could leverage latent capabilities of the model to improve refinement of the predicted
token. This led to the following publication:

- -] [Cy;]  Jonathan Lys, Vincent GR1PON, Bastien PASDELOUP, Axel MARMORET, Lukas
MaucHh, Fabien CARDINAUX, Ghouthi BOUKLI-HACENE (2026). “Inner Loop
Inference for Pretrained Transformers: Unlocking Latent Capabilities With-

out Training”. EUSIPCO, IEEE

This work introduced a training-free way of allocating additional computation at inference time in a frozen
pretrained transformer, by repeatedly re-applying a selected range of its blocks to the propagated hidden
state. The starting point is the view of depth as a sequence of refinement steps applied to a latent state
carried by the residual stream, which suggests that further refinement steps could be obtained without
modifying any parameter. Applied naively, however, such looping degrades accuracy, the interpretation
put forward being that re-executing layers pushes activations away from the manifold encountered during
standard inference; the contribution is therefore a lightweight regularization that interpolates the looped
states with their non-looped counterparts, evaluated in three variants and controlled against an ablation
replacing the loop-induced signal with random noise of matched magnitude. On WinoGrande, ARC-
Easy and ARC-Challenge, GSM8K, HellaSwag and MMLU, with the loop region selected once on
a single benchmark and consistently found at roughly 40 to 60% of the relative depth, inner looping
yielded modest but consistent accuracy gains for the two Gemma-2 models, while the pre-norm LLaMA-
3-8 B responded more variably. Visualizing the latent trajectories suggested that looping induces a small
but coherent deviation rather than a qualitatively different computation, which is consistent with the
magnitude of the observed gains.

This article already had some impact, and serves as a building block for other approaches aiming at develop-
ing new models integrating looping approaches [CHEN ez al., 2026 [EE] or applying similar ideas in different
contexts [SHIN ez al., 2026 [E]].

Additionally, we noticed a fundamental misalignment between the causal structure imposed by autoregressive
attention and the way information is propagated through the residual connections of transformer architec-
tures [VASWANI ez 4l., 2017 [EE]]. Our approach to patching it led to the following publication:
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MaucH, Fabien CARDINAUX, Ghouthi BoukLI-HACENE (2026). “Residual
Connections and the Causal Shift: Uncovering a Structural Misalignment
in Transformers”. EUSIPCO, I[EEE

This work investigated a structural tension in autoregressive transformers: the hidden state at a given
position is initialized from the embedding of the current token and continuously propagated by the
residual connections, whereas the supervision target is the next token. The article first localized where
representations stop being anchored to the input token and start being oriented toward the prediction
target, by decoding intermediate hidden states through the tied embedding matrix, and by measuring
cosine similarities and normalized projections along the input-output axis over 1,000 Wikitext sequences.
Three regimes appeared — early layers decoding to the input sequence, intermediate layers decoding to
nothing interpretable, and late layers decoding to the one-token-shifted sequence — with the transition
occurring deep in the network, around layer 17 out of 26 for Gemma-2-2B, and at qualitatively similar
relative depths for LLaM A-3.2-3 B and Mistral-7 5. Building on this observation, a lightweight mitigation
was proposed: attenuating the residual branch by a scalar factor, either as a fixed single-layer intervention
or through a mixture-of-depth-inspired gate learned jointly with the model. Evaluated by training 150.M -
parameter GPT-2-style models from scratch on 105 tokens, the learned gate progressively concentrated
on attenuating the final layer, outperformed the fixed single-layer cuts — themselves very sensitive to the
layer chosen — on Wikitext, LAMBADA and OpenWebText, and reduced the measured input-output
misalignment. The analysis is confined to models whose embedding matrix is tied, which is no longer the
rule at the largest scales.

While the works above focused on autoregressive models, I believe that discrete diffusion LLMs have a great
positioning in the vast domain of Al as they are currently overlooked by main actors of the field, who have
already put a lot of effort into autoregressive models. Still, at the same time, they provide a basis for working on
fundamental results on models that process text which, as introduced earlier, I have identified as an important
central modality for multimodal approaches.

Coming back to the ENDIVE project, an important work we did with Jonathan Lys was to try to reproduce a
mechanism similar to beam search [LOWERRE, 1976 [E8]; WISEMAN ez 4l., 2016 [E]] in autoregressive models, but
for discrete diffusion models. The DPP formulation of a kernel improves diversity among branching decoding
paths, and yields a set of distinct model answers. This work, currently under review, is presented below:

@ [R,] Jonathan Lys, Vincent GRirON, Axel MARMORET, Lukas MAUCH, Fabien CARr-

tion Determinantal Point Process for Diversity in Parallel Discrete Diffusion
Decoding”. NeurIPS

This work introduced DsP4, a decoding framework designed to improve the diversity of candidate
generations in discrete diffusion language models. Unlike autoregressive models, where beam search
naturally operates over left-to-right prefixes, discrete diffusion models iteratively refine complete sequences
through parallel denoising, making standard beam-search strategies difficult to apply and providing limited
control over the diversity of retained hypotheses. The proposed framework generalizes beam search to this
setting by generating multiple candidate sequences in parallel and performing selection at each diffusion
step. DsP4 formulates this selection as a maximum-a-posteriori inference problem over a partitioned
DPP, whose kernel combines the quality signal carried by the diffusion logits with a diversity signal
computed from the model’s own hidden representations, so that the whole procedure remains model-
internal and requires no external verifier or auxiliary scorer. The partition constraint prevents different
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hypotheses from collapsing onto the same diffusion trajectory, an effect known as lineage collapse, while
a scalable fast greedy solver keeps the selection compatible with distributed multi-GPU inference: the
marginal overhead it introduces is more than offset by a reduction of about 40% in peak memory and by
alower post-forward latency, the categorical distributions having to be materialized on a much smaller
scale than in standard decoding. Experiments on open-ended text generation, question answering, and
mathematical reasoning showed that DsP4 substantially improves the diversity and pass@k coverage of
generated candidates, while matching or surpassing the generation quality and fidelity of standard and
diversity-oriented decoding methods, including compute-matched baselines that rely on external models.

More recently, Joshua Chaz R1veRra started his PhD on LLMs as well. He is particularly interested in more
cross-cutting aspects, such as low-resource languages or style understanding. We are currently revising some
works on how LLMs handle metaphorical sentences. To do so, Joshua Chaz R1vERa first assembled a novel
dataset of realistic novel metaphors, presented below:

LLMs on Sentence-Level Metaphors”. Findings of the ACL

This work introduced MP1K, a dataset of 1,000 sentence pairs designed to evaluate LLMs beyond
conventional, lexicalized metaphors. Each pair associates an automatically generated, multi-word, and
intentionally unconventional metaphorical sentence with a literal equivalent, the generated sentences
having been manually filtered for plausibility and clear metaphoricality. On this dataset, autoregressive
and discrete diffusion LLMs were evaluated on three complementary tasks: binary metaphor detection,
pairwise metaphor discrimination based on the log-probability margin between the metaphorical and the
literal sentence of a pair, and metaphor interpretation through literal paraphrasing; a fourth evaluation,
on the existing MUNCH dataset, measured context-sensitive lexical interpretation through single-word
substitution, allowing comparison with prior token-level work. Experiments showed that autoregressive
models, particularly the larger LLaMA and Gemma models, achieved the strongest pairwise metaphor
discrimination, and that the wide gap between this margin and raw multiple-choice accuracy indicates
that models detect the relative difference between a metaphorical and a literal sentence without being able
to turn it into a reliable binary decision. On the lexical substitution task, diffusion models such as LLaDA
and TraDo clearly outperformed the comparable autoregressive model, which was near chance, although
the best overall accuracy was still obtained by the largest Gemma model; diffusion models also achieved
the best semantic preservation in full-sentence paraphrasing, by a margin the article itself describes as
modest, all models struggling to produce high-quality literal rewrites. These results demonstrated that
metaphor understanding is strongly task- and architecture-dependent, and that conventional token-level
benchmarks can fail to reveal important limitations and differences in the semantic capabilities of modern
LLMs.

On a similar topic, another work we did — also under review — was to compare the two families of LLMs presented
earlier on texts featuring idioms, to find out their respective processing abilities in such a less usual setting:

Blindspots in Discrete Diffusion Models”. EAMNLP

This work investigated the ability of discrete diffusion language models to process idiomatic language,
focusing on whether their bidirectional denoising mechanism provided advantages for semantic under-
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standing compared with autoregressive models. The study evaluated diffusion models through four
complementary experiments — open-ended idiom generation, cloze completion, multiple-choice semantic
understanding, and a probe injection test — designed to disentangle limitations arising from the architec-
ture from those caused by differences in training data. The experiments showed that diffusion models
retained substantial idiomatic knowledge, achieving competitive performance on cloze and multiple-
choice tasks, including in several non-English languages and occasionally ahead of larger autoregressive
models even in English, despite weaker performance in open-ended generation. This discrepancy was
traced to the confidence-based demasking strategy: the probe injection experiment showed that a diffusion
model is steered by an incorrect early token in 46.3% of cases against 26.5% for a smaller autoregressive
model, with the gap widening precisely where the idiomatic prior is weak, so that early commitments
interfere with the recovery of multi-token idiomatic expressions and prevent information already encoded
in the model from being expressed during generation. Cross-lingual experiments further indicated that,
where autoregressive models retain an edge, the difference is driven by training-data coverage rather than
by a fundamental limitation of the diffusion architecture. The work highlighted a distinction between
the semantic knowledge encoded by diffusion language models and their ability to retrieve this knowledge
during generation, identifying the decoding process as an important source of their current linguistic
limitations.

Finally, I supervise the PhD of Nolan SISOUPHANTHONG-VONGKOTRATTANA on diffusion LLMs. His
interests lie between reasoning [WEI ez 4., 2022 [EE]] and mechanistic interpretability [OLAH ez a/., 2020 [EE;
TURNER ¢f al., 2023 [E8; Rt ez al., 2024 [EE], and he explores both for diffusion models.

Overall, my research on LLM:s is fairly recent, but has taken a large place in my interests, due to its prevalence in
the Al field. In the long run, I want to integrate text encoders in some of my more applied work in collaboration
with healthcare researchers and practitioners, as text has become a central modality that would allow them to
leverage many kinds of data in a single prediction task.

I mentioned earlier that working on discrete diffusion LLMs was a great opportunity to contribute to text
processing from a relatively niche perspective compared with the dominant autoregressive paradigm. At the
time I started working on this paradigm, this represented a relatively open research direction, with only a limited
number of models and studies exploring the potential of discrete diffusion for language. This situation has
changed remarkably quickly. Models such as Dream-7B [YE ez al., 2025 [E2]] and LLaDA [NIE ez al., 2025 [E]]
have demonstrated that discrete diffusion models can achieve competitive performance with autoregressive
models of comparable size, while exploiting their ability to generate tokens in arbitrary orders and to iteratively
refine complete sequences [YE ¢z al., 2025 [EE]]. More recently, the release of DiffusionGemma provides an even
stronger indication that diffusion language models are moving toward the mainstream of LLM:s research: this
26 B-parameter mixture-of-experts [SHAZEER ¢7 al., 2017 [EE]] model generates blocks of tokens in parallel and is
explicitly designed to explore the speed and flexibility advantages of diffusion-based generation [Taica ez al., 2026
(=E]. This rapid development is also accompanied by an increasingly active effort to understand these models:
analyses of their internal representations and mechanisms are appearing shortly after their release, extending
mechanistic interpretability beyond the established autoregressive models [ENGELS ez a/., 2026 [EE]]. Conse-
quently, the niche that initially motivated this line of research is becoming considerably more competitive,
illustrating the extremely rapid evolution of the LLM field and the short time scale over which new research
directions can move from emerging to mainstream.

Looking ahead, I believe that the future of diffusion LLMs lies on two main axes:

* Multimodality — A particularly promising extension of this paradigm is the development of multimodal
diffusion models, in which the same iterative generation and refinement framework can operate across text,
images, audio, video, and other modalities. While diffusion has already become a dominant paradigm
for image and video generation, recent unified models such as Show-o [XIE ez 4l., 2025 [EF]] and Transfu-
sion [ZHOU ¢t al., 2025 [EH] illustrate complementary approaches, combining autoregressive and diffusion
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objectives to handle both discrete text and continuous visual data within a single model. This perspective is
especially interesting for language models because continuous representations naturally provide a common
interface between heterogeneous modalities: rather than requiring each modality to be generated by a sep-
arate architecture, a model could progressively denoise a joint multimodal representation and resolve the
dependencies between modalities during inference.

* Continuous diffusion — A particularly compelling perspective for the future of continuous diffusion
language models is provided by ELF [HuU ¢z al., 2026 [E]. Rather than repeatedly projecting continuous
representations back onto the discrete vocabulary during denoising, ELF performs almost the entire generation
process in a continuous embedding space in continuous time, and postpones discretization to the final step
through a shared-weight decoder. This approach to reasoning in continuous space opens several avenues for
future research: in particular, understanding the geometry of the embedding space (e.g., for diversity-aware
decoding), or investigating whether continuous trajectories can be used for multimodal generation.

The first axis will most likely have a mid-term impact on my applications in healthcare, as data handled in such
settings is highly multimodal (e.g., scanners, tabular data, text reports, EEG, ECG). The second axis definitely
raises questions that are of interest for Nolan SISOUPHANTHONG-VONGKOTRATTANA, that we will explore
together in the near future.

IL.2.4 REVE: A Foundation Model for Brain Signals

A final major axis of my research is related to brain signals, and the study of Al for neuroscience. This line of
research, initiated during my PhD (see Section IL.1.6), took on another dimension with the start of Yassine EL
Ouanipr’s PhD, which I co-supervised along with Giulia L1o1, neuroscientist in the BRAIN team.

Neuroscience brings several interesting challenges to A, because of the specificities of the data handled (generally
EEG, MEG or fMRI). These modalities provide complementary views of brain activity, but differ substan-
tially in their spatial and temporal resolutions, acquisition mechanisms, and associated sources of noise. EEG
measures electrical activity at the scalp through electrodes, oftering millisecond-scale temporal resolution but
relatively poor spatial resolution and strong sensitivity to artifacts such as eye movements, muscle activity, elec-
trode impedance, and environmental noise [CHADDAD ¢7 4., 2023 [E8]]. MEG similarly captures neural activity
through the magnetic fields generated by neuronal currents, combining high temporal resolution with better
spatial localization than EEG, but requiring highly sensitive sensors and controlled acquisition environments
because of its vulnerability to external magnetic interference [BAILLET, 2017 [EE]. In contrast, IMRI measures
the BOLD response indirectly through changes in blood oxygenation, providing high spatial resolution but
much lower temporal resolution, and introducing additional variability related to head motion, physiological
fluctuations, scanner characteristics, acquisition protocols, and preprocessing choices [LOGOTHETTS, 2008 [E]].

These differences have important methodological consequences for Al: EEG and MEG naturally motivate
temporal signal processing, source localization, spectral analysis, and spatio-temporal representations, whereas
fMRI is commonly approached through voxel- or region-level activation analysis, functional connectivity, and
graph-based representations (which led to a strong interest in the GSP community [ORTEGA ¢f 4l., 2018 [E]).
Across all three modalities, the number of measured variables can be very large compared with the number of
independent subjects, making dimensionality reduction, regularization, representation learning, and careful cross-
validation essential to avoid overfitting. Moreover, neural measurements are notz.z.d.: observations are structured
by subjects, sessions, trials, acquisition sites, devices, and experimental conditions, resulting in substantial within-
and between-subject variability and potentially strong domain shifts. This creates a particularly important
challenge for Al, as models may inadvertently exploit subject- or acquisition-specific signatures rather than neural
phenomena of interest. Consequently, robust neuroscience Al requires methodologies that explicitly exploit the
spatial, temporal, spectral, and relational structure of brain signals while accounting for the specificities of such
data — Ze., noise, limited sample sizes, heterogeneous acquisition conditions — and the reproducibility of learned
representations across subjects and sessions.
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In his PhD, Yassine EL OuaHIDI was interested in transferring recent advances in flagship domains of Al to
brain data, especially EEG signals for BCI tasks. Throughout his PhD, he made numerous contributions at the
frontier of Al and neuroscience, described hereafter:

@) [T.] Yassine EL OuaHIDI (2025). “Deep Learning for BCI Applications: Leverag-
ing Recent Advances in Computer Vision”. Ecole Nationale Supérieure Mines-
1élécom Atlantique (PhD)

The thesis of Yassine EL OuanIDI investigated how recent advances in deep learning for computer vision
can be transferred to BCI applications, with a particular focus on EEG decoding. The work addressed the
limited amount of labeled data and strong variability across subjects and recording conditions that make
BCI particularly challenging for deep learning. Observing that many BCI architectures had drifted far
from the standards of computer vision by accumulating domain-specific modules, the first contribution
took the opposite direction with EEG-SimpleConv, a deliberately simple 1D convolutional network
inspired by classical vision models, designed so that its latent space would share the properties that make
vision techniques transferable, and shown to reach state-of-the-art motor-imagery decoding once paired
with an adapted training routine; it was then reused as a backbone for merging datasets with heterogeneous
electrode configurations through graph signal interpolation, for selecting meaningful EEG channels,
and for aligning EEG with speech in a CLIP-like framework. Building on that latent space, the second
contribution transferred FSL techniques from vision to BCI in order to reduce the calibration time
required from a new user, and comprised an unsupervised adaptive decoding method that closes the
gap between offline and online operation, a few-shot method reaching state-of-the-art results on the
BEETL challenge, and a new realistic cross-dataset benchmark limiting the amount of data available
from an unseen subject. The third contribution moved beyond BCI to EEG at large, with a review of
existing EEG foundation models and with REVE, a pretrained model designed to learn general-purpose
representations from large-scale and heterogeneous EEG data, providing a foundation for transferring
knowledge across subjects and downstream tasks.

This PhD manuscript builds upon several contributions. First, we took a GSP-based approach, and tried to
find meaningful graph frequencies for fMRI signals, using a brain atlas as a support graph. The idea was to
see whether known results in the neuroscience literature could be found using signal processing tools alone, to
interpret a more systemic approach. This work was published as follows, and also presented in [Cys]:

- -] [Ciy]  Yassine EL Ouanipi, Hugo TEessIER, Giulia Lio1, Nicolas FARRUGIA,

tional Networks to Select Meaningful Graph Frequencies for fMRI
Decoding”. EUSIPCO (pp. 937-941), IEEE

This work exploited GSP to investigate which graph frequencies were most informative for decoding tMRI
activation maps, and whether explicitly selecting these frequencies could improve both performance and
interpretability. It introduced a spectral ResNet, whose graph convolutions operate in the graph Fourier
domain, together with an MLP taking the graph spectrum as input, so as to check that the conclusions
did not depend on a single architecture, and progressively removed frequencies with low importance
during training using a selective weight decay pruning scheme. Two large datasets of activation maps
defined over the regions of a brain atlas were considered, along with a structural and a functional graph.
Across the datasets, architectures, and graph types, the experiments consistently showed that low graph
frequencies were the most informative: retaining the first 60 frequencies was generally sufficient, while
including more frequencies provided little additional benefit. Unlike manually selecting a contiguous




Iz — Artificial Intelligence 47

low-frequency band, the pruning procedure identified a sparse and non-contiguous subset of frequencies
and consistently improved decoding performance, whereas band selection degraded it in most scenarios.
The selected frequencies were also reproducible across datasets and architectures, with IoU scores typically
above 50%, and the functional graph outperformed the structural one overall, though not on every dataset
and without any universal ranking being claimed, indicating that functional connectivity is generally
better aligned with the decoded tasks. Examination of the most frequently selected functional eigenvectors
turther linked the learned frequencies to interpretable brain systems, including visual, auditory, motor,
and default-mode regions.

Continuing on the graph-related approaches, we addressed one of the main limitations for EEG signals: the
variability of settings. Indeed, acquisition is performed with devices of various numbers of electrodes, depending
on what is available in acquisition centers. Consequently, the variability in data dimension makes it hard to train
large models, making it an important bottleneck in Al for neuroscience. In a second work, we thus proposed a
method based on interpolation on a learned brain graph to unify data shape. This led to the following publication,
also presented in [C,]:

- -] [C,,] Yassine EL OuaHiDI, Lucas DrRUMETZ, Giulia L1o1, Nicolas FARRUGIA,

tion with an Application for Merging BCI Datasets with Various Dimen-
sionalities”. /CASSP (pp. 1-5), IEEE

This work addressed the lack of large and homogeneous datasets in EEG-based BCIs, where datasets often
differed in the number and spatial arrangement of electrodes, sampling frequencies, and experimental
protocols. It proposed a spatial graph signal interpolation method that represented EEG electrodes as
nodes of a graph and considered each dataset as a partial observation of a common, larger electrode space.
A graph was learned from a dataset of EEG signals containing a nearly complete electrode configuration,
and the missing electrodes in the other datasets were reconstructed by minimizing the graph variation of
the signal, which admits a closed-form solution. The approach therefore allowed datasets with different
electrode configurations to be mapped onto a common virtual electrode layout without discarding
electrodes, unlike approaches based on retaining only the intersection of electrode sets. Experiments
on five MI EEG datasets compared the proposed approach with spherical-spline interpolation and with
graphs built from sensor positions or weighted by a phase-lag index. The learned graph provided the most
accurate graph-based reconstruction and remained effective when a substantial number of electrodes
were missing, but only after being fine-tuned on the target dataset: transferred directly it performed
poorly, and the two other graph constructions both stayed behind spherical splines. Using the proposed
unification approach, a multi-dataset training setting inspired by the BEETL challenge was then set up,
jointly training a 1D CNN on multiple homogenized datasets. The results were instructive rather than
uniformly favorable: interpolating up to the electrode set of the target dataset clearly outperformed
restricting all datasets to their common electrodes on one target network, whereas on the other the
intersection remained the best option, and interpolating up to the union of all electrodes was never
worthwhile. Graph-based interpolation therefore offers an interpretable mechanism for transferring
information between BCI datasets of different dimensionalities while preserving the spatial structure of
the signals, but its benefit depends on how far apart the electrode configurations actually are.

Extending the idea initiated in this previous work, we then designed a more advanced model to process MI EEG
data. Similar to the approach we had in Yassir BENDOU’s work [], ], we tried to keep the model as simple as
possible, and extensively validated all chosen components. This work led to the development of EEG-SimpleConv,
published as follows, and also presented in [W,,; W ,]:
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Nicolas FARRUGI4, Giulia L1071 (2024). “A Strong and Simple Deep Learning
Baseline for BCI Motor Imagery Decoding”. Transactions on Neural Systems and
Rehabilitation Engineering (vol. 32, pp. 3338-3347), IEEE

This work introduced EEG-SimpleConv, a deliberately simple 1.0 CNN for MI decoding from EEG. The
architecture relied exclusively on standard components — stacked 1.D convolutions, batch normalization,
ReLU activations, and pooling — and a training procedure was specifically designed to address the strong
inter-subject and inter-session variability encountered in BCI data. In particular, the training strategy
combined Euclidean alignment of the input trials, normalization statistics computed per session rather
than per subject, batch-normalization statistics recomputed on the data of the target subject or session
at test time, data augmentation through mixup, and an auxiliary subject-classification head acting as a
regularizer. An extensive ablation study showed that normalization dominates: recomputing the batch-
normalization statistics was the single most valuable ingredient, followed by mixup, Euclidean alignment,
and session-level statistics, whereas the auxiliary head contributed almost nothing. Removing every
normalization ingredient at once — the configuration compatible with a genuinely online setting — cost
more than six accuracy points on average, and twelve points on the datasets with few subjects against two
and a half on the largest ones, which suggests that pretraining on more subjects would help in online
scenarios. The model was evaluated on four public MI EEG datasets and compared with established ML
and deep learning approaches under within-subject, cross-subject, cross-subject with fine-tuning, and
simulated online settings. EEG-SimpleConv achieved competitive or state-of-the-art performance across
these evaluation settings while maintaining low inference latency, and the experiments also demonstrated
strong cross-subject transfer, the gain brought by fine-tuning on a short calibration being largest for the
subjects that are hardest to classify.

This model had a strong impact on the EEG community, as it provided a simple and practical tool to study brain
signals. As such, it was often used as a baseline for comparison in subsequent work [SEDI NZAKUNA ez al., 2025
[E3; WANG et al., 2025 [EE].

Using the EEG-SimpleConv model — which had state-of-the-art performance when released — we tackled another
specificity of brain signals: the cross-subject variability. This bottleneck seriously limits the use of models in
real-life applications, as pretraining a model does not guarantee its performance on a new subject. The adaptation
procedure we developed was published as follows:

@) [C,.] Yassine EL Ouanip, Giulia Lior, Nicolas FARRUGIA, Bastien PAspDELOUP, Vin-

cent GRIPON (2024). “Unsupervised Adaptive Deep Learning Method for
BCI Motor Imagery Decoding”. EUSIPCO (pp. 1626-1630), IEEE

This work addressed the distribution shift between subjects that limits the practical deployment of
EEG-based BCIs. It proposed an unsupervised adaptive decoding method that combined a frozen EEG-
SimpleConv backbone with continuous alignment of incoming EEG data, avoiding both retraining
and the need for labels from the target subject. The method adapted the input representation using
Euclidean alignment, whose reference covariance matrix is recomputed each time a new trial arrives, while
also dynamically updating the batch-normalization statistics within the network from the current trial
and all previous ones of the same session, thereby progressively adapting the decoder to the statistics
of the target subject. Because both quantities are unreliable when estimated from the very first trials, a
warm-up buffer of data was introduced to initialize them. Experiments focused on challenging cross-
subject MI decoding scenarios and compared the proposed approach with conventional offline and online
adaptation strategies, including a recent deep learning method based on normalization. The results showed
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that continuously updating the normalization and alignment statistics allowed the model to approach
the performance obtained in offline settings, while remaining suitable for online use and requiring no
supervision during deployment. The study therefore demonstrated that substantial improvements in
cross-subject BCI decoding could be obtained without modifying the learned model itself, by instead
adapting the representation to the statistics of the incoming data stream.

Finally, with the emergence of foundation models in flagship domains of Al and the experience we gained from
our previous works, we decided to develop our own foundation model for EEG data. Yassine EL OuaHIDI —
assisted by Jonathan Lys — did a massive amount of work to gather more than 90 publicly available EEG datasets,
resulting in over 25,000 subjects and 60,000 hours of measurements. Using this largest assembled dataset in the
community, and proposing a novel approach for integrating heterogeneous spatio-temporal data in a normalized
positional encoding, we developed REVE, a foundation model for EEG. This work was published as follows:

- -] |C,.]  Yassine EL OuaHIDI, Jonathan Lys, Philipp THOLKE, Nicolas FARRUGIA,

A Foundation Model for EEG: Adapting to Any Setup with Large-Scale
Pretraining on 25,000 Subjects”. Nexr[PS

This work introduced REVE, a foundation model designed to address the strong heterogeneity of EEG
recordings across electrode configurations, recording devices, protocols, and subjects. The model used
a transformer-based architecture with a novel 4D positional encoding that jointly represented the 3.D
spatial location of electrodes and the temporal position of signal patches, allowing the same model to
process recordings with different numbers and arrangements of electrodes, and of variable duration.
REVE was pretrained using a masked autoencoding objective on more than 60,000 hours of EEG from
92 datasets and approximately 25,000 subjects, making it the largest EEG pretraining effort to date. The
resulting representations were evaluated on 10 downstream tasks, covering MI decoding, seizure detection,
sleep staging, cognitive-load estimation, emotion recognition, and other EEG analysis problems. REVE
achieved state-of-the-art results across these benchmarks, including under linear probing and with little
or no task-specific fine-tuning, demonstrating that large-scale pretraining could produce representations
that transferred across substantially different EEG setups. The work therefore addressed a central obstacle
to EEG foundation models — the lack of a common representation across heterogeneous acquisition
settings — by making the electrode layout itself part of the model’s input rather than requiring recordings
to be projected onto a fixed configuration. The release of pretrained weights, code, and tutorials further
positioned REVE as a reusable foundation for EEG representation learning and subsequent neuroscience
and BCI applications.

REVE was a resounding success in the neuroscience community. At the time of writing, it has al-
ready received more than 70 citations [GooGLE ScHOLAR (B.P) @], and was integrated into Neural-
Bench [BANVILLE ez al., 2026 [E]], a large-scale initiative aimed at unifying the benchmarking of models in
neuroscience, where it ranks first overall and on several downstream tasks. This model established a new scale and
anew direction for EEG foundation models, by demonstrating that large-scale pretraining could be performed
across highly heterogeneous acquisition setups rather than requiring a standardized electrode montage.

Since then, numerous other foundation models have emerged, making REVE a very timely contribution. Giulia
Lior1 recently proposed a review of these models, published as follows:
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- -] [C,,] Giulia Lior, Yassine EL Ouanipi, Jonathan Lys, Philipp THOLKE,
Bastien PAspELour, Vincent GriroN, Nicolas FARrRUGIA, Karim JERBI

(2026). “Key Ingredients for EEG Foundation Models: What Works - and
What Doesn’t”. EUSIPCO, IEEE

This work presented a systematic review of recent EEG foundation models, with the objective of identify-
ing the architectural and methodological choices that enable transferable EEG representations. It first
analyzed the main ingredients shared by these models, including EEG tokenization, transformer-based
architectures, positional encodings, and SSL objectives, and then examined how these choices interacted
with the scale and diversity of pretraining data. The review covered a rapidly expanding set of models,
including BIOT, EEG2REP, NeuroGPT, LaBraM, NeuroLM, ELASTIQ, CBraMod, EEG-Mamba,
LUNA, NeurIPT, CSBrain, and REVE, and organized them according to their input representations,
architectures, pretraining strategies, and ability to handle heterogeneous electrode configurations. It
specifically highlighted the transition from models trained on a fixed electrode montage and a single
dataset toward architectures such as LaBraM, LUNA, and REVE that could accommodate varying num-
bers and arrangements of electrodes, thereby improving their potential for cross-dataset and cross-subject
transfer. The review also compared models on common downstream EEG tasks and showed substantial
variability in reported performance, with the sobering conclusion that increasing model scale does not
automatically yield better generalization than a smaller model trained from scratch for the task at hand. It
consequently identified several unresolved issues, including the lack of standardized evaluation protocols,
the limited availability of fair comparisons across models, and the need for data-efficient and lightweight
adaptation methods in low-data settings. Overall, the work provided a structured analysis of the emerging
EEG foundation-model landscape and identified data diversity, flexible input handling, and appropriate
SSL objectives as central design considerations for developing transferable EEG representations.

In addition to its impact on neuroscience, REVE also had a structuring impact on the BRAIN team. It was
the first time that we managed to have a very strong collaboration between PhD students on a common topic,
and the first NeurIPS publication in the team after several attempts across years. This work motivated new
collaborations between PhD students, who are now working on an extension of REVE to MEG data.

Opverall, while not a neuroscientist myself, studying brain signals gave me invaluable support for evaluating
approaches both in GSP and model development. Collaborations with neuroscientists — especially Giulia L1or
and Nicolas FARRUGIA — also gave me the basic knowledge on brain signals, which allowed me to collaborate
with neurologists in more applied contexts.

II.3 Applications in Healthcare

As mentioned earlier, the way I like to conduct my work is by keeping up to date with modern Al research
through fundamental projects on subfields of A, and then adapting this knowledge to healthcare applications,
which I believe deserve more attention from the AI community due to their societal importance.

The choice of healthcare subdomains I studied was not really made on purpose, but rather happened based
on opportunities. My earlier research in collaboration with neuroscientists gave me the background I needed
to talk to neurologists at the CHU of Brest; my postdoc at EPFL allowed me to work on an oncology project
with CHUV; and meeting Yassine EL OUAHIDI’s brother Amine EL OuaHIDI led to new collaborations in
cardiology. I also studied ophthalmology for a moment with the thesis of Arsalan Naj1B, but the project was
abandoned for various reasons.

Throughout all these collaborations, I found two general rules that seem to apply broadly in healthcare:
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* The necessity of data and anticipation — Healthcare is obviously a critical domain, and several regula-
tions [CNIL @; GDPR @] guarantee the safety and protection of the persons whose data is acquired through
medical acts. This important protection however comes with heavy procedures to share data, which can some-
times delay the start of a project. It is thus necessary to anticipate data collection and project preparation
before its official start. Also, there are several datasets online that already underwent anonymization and open
publication. These are very valuable resources that allow working on model development while data access
procedures run their course.

* The complementarity of modalities — When working on the various healthcare projects I was involved in, I
generally focused on one particular modality that had the potential to provide highly informative insights for the
target task. However, the data often came with a lot of extra material (¢.g., annotations, reports, questionnaires,
blood analyses), which brought complementary information. My experience as a researcher in Al, where
multimodality has become a prevalent research direction, makes me strongly believe that complementary — if
not all — available data should be used for a subject’s diagnosis, to improve the understanding of their medical
state, and allow better support.

IL3.1  Works in Neurology

My collaborations in neurology started when I met Victor QUERE, a Master’s student in neurology at the CHU
of Brest, who was doing an internship at IMT Atlantique under the supervision of Serge Tims1T (CHU of
Brest) and Philippe LENcA & Sorin Moga (IMT Atlantique). In his internship, Victor QUERE was interested
in strokes, and wanted to evaluate whether ML tools could be used to predict the risk of spontaneous ICH in
presence of missing data.

Strokes are a major cause of death and disability in the world. It is estimated that in the event of a stroke, a
patient loses about 1,900,000 neurons per minute left untreated [SAVER, 2006 [EEl]. Among all strokes, ICH is
particularly devastating, and is fatal in 40% of cases, 50% of which happen in 2 days or less. Survivors of such an
event only regain autonomy in 12 to 39% of cases [VAN AscH ez al., 2010 [E]].

To fulfill his project, Victor QUERE worked on the BSR, a large population-based collection of data monitoring
all strokes in the area of Brest, France [RETHO ez 4l., 2024 [EE]. This dataset is one of the largest collections of
stroke-related information in Europe, and consists of both ischemic and ICH strokes (see Figure s). For each
event, clinical data, analysis results and imaging data are archived, making the BSR a highly valuable resource for
research on strokes.

Following his internship work, Victor QUERE decided to pursue under my supervision for his MD thesis. We
extended his prior work beyond a simple comparison of model performance, and explored variable selection and
data imputation techniques to improve interpretability of results:

@ [T,] Victor QUERE (2021). “Comparison of Logistic Regression Analysis with Ran-
dom Forest for Prediction of ICH Early Mortality in the Population-Based
Brest Stroke Registry”. UBO, Faculté de Médecine et des Sciences de la Santé de
Brest (MD)

In his thesis, Victor QUERE investigated the use of Al and statistical learning to predict early mortality
following spontaneous ICH, with particular emphasis on the impact of missing clinical data. Using the
population-based BSR, the study developed and compared four prognostic scores for 30-day mortality:
two regression-based models and two RF models, each trained either on complete-case data or on a dataset
in which missing predictors were imputed using predictive mean matching. The models incorporated
demographic and medical history, treatments, clinical and biological variables, and imaging-derived
characteristics, including hematoma volume and localization. The results showed that handling missing



https://bastienpasdeloup.github.io/r/?cni
https://bastienpasdeloup.github.io/r/?gdp
https://www.ahajournals.org/doi/full/10.1161/01.STR.0000196957.55928.ab
https://pubmed.ncbi.nlm.nih.gov/20056489/
https://www.sciencedirect.com/science/article/pii/S0035378723010809
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(a) CT scan of a brain showing an ischemic stroke. (b)  CT scan of a brain showing an ICH stroke.

Figure s Illustration of the two main categories of strokes available in the BSR. Ischemic strokes (a) are caused
by an interruption of the blood supply in parts of the brain, generally due to a clot. Hemorrhagic
strokes (b) are caused by the rupture of a blood vessel, and can be categorized into two subcategories:
ICH, and subarachnoid hemorrhage. Images taken from [WIkIPEDIA (STROKE) .

data through imputation substantially improved predictive performance: the best regression model
achieved an AUC-ROC of 0.83 on the imputed dataset, compared with 0.78 after complete-case analysis,
while the RF model reached an AUC-ROC of 0.81 versus 0.78. The analysis also showed that excluding
patients with missing observations could reduce the sample size by 65% and introduce selection bias,
as patients with more severe strokes were more likely to have missing information. Beyond prediction,
the study analyzed the contribution of individual variables and confirmed the importance of established
prognostic factors such as GCS, age, and hematoma volume, while highlighting additional predictors
including admission blood glucose, NIHSS, anticoagulant treatment, and, more tentatively, prior fibrate
treatment. The thesis therefore treated missing data as a first-class methodological question rather than a
preprocessing detail, and argued that future studies on ICH prognosis should record why a variable is
missing instead of discarding the corresponding patients.

This collaboration allowed me to meet Serge TimsIT, head of the department of neurology at the CHU
of Brest and of the BSR, who later invited me to join the STR ATIF-AI project. This large-scale European
project aims at developing better models for patient stratification, using modern approaches such as digital
twins [ARMENI ¢ al., 2022 [E8]] and AL Switching from point-in-time to continuous stratification should allow a
better follow-up of patients who underwent a stroke, and an appropriate adaptation of treatment in case of an evo-
lution. The project also develops federated learning solutions [MCMAHAN ez al., 2017 [E8; NGUYEN ez al., 2022
[E=]] so that models can be shared across its 15 research centers and hospitals.

Within this project, I supervise the postdoc of Amine SADIKINE on the technical side, who works on multimodal
data integration for the prediction of mortality at 30 days following an ICH. We are in particular interested in
models that can provide embeddings for tabular data [HOLLMANN ez 4/., 2022 [E], in order to integrate clinical
data and biological data in a fused analysis with imaging data, as illustrated in Figure 6. Newer unified models
such as Gemma-4-12B, which allows processing of multiple modalities without the need for ad-hoc encoders,
are also interesting to consider for future work [EL ABD ez al., 2026 [EE].


https://en.wikipedia.org/wiki/Stroke
https://www.mdpi.com/2075-4426/12/8/1255
https://proceedings.mlr.press/v54/mcmahan17a.html
https://dl.acm.org/doi/full/10.1145/3501296
https://openreview.net/forum?id=eu9fVjVasr4
https://arxiv.org/abs/2607.02770
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Figure 6 Illustration of the workflow of our work with Amine SADIKINE. Tabular and clinical data is embedded
through a tabular foundation model, while clinical images go through a specialized model (here a
CNN). Separate representations are then fused into a single decision process. Figure taken from [S,;].

IL.3.2 Works in Cardiology

My work in cardiology was conducted in partnership with multiple practitioners from the CHU of Brest. The
cardiology department features researchers with various interests, reflecting the diversity in our collaborations.
My work as a researcher in A was to orient the choices of ML solutions, and provide technical support.

The first problem in cardiology I studied was in the context of Amine EL OUAHIDI’s Master internship, where
we wanted to determine whether it was possible or not to predict the risk of pacemaker implantation after
a TAVI procedure (see Figure 7). To do so, we proposed multiple realistic scenarios — before implantation,
during implantation, and after — that restricted availability of data. We compared multiple normalization and
variable selection techniques, and showed that ML models could improve prediction of the risk of pacemaker
implantation over previous baselines, with kept variables on par with existing medical knowledge.

(a) Implantation diagram of a TAVI. Image taken (b) X-ray of a patient with an implanted pacemaker.
from [TAVI D). Image taken from [I5,].

Figure 7 Illustration of the implantation of a TAVI (a), and its principal complication (b).

After his internship, Amine EL OuaHIDI pursued an MD thesis under my supervision. We extended his previous
work by integrating imaging data in our analysis, through handcrafted features measuring specific elements
of interest. In particular, we showed that the size of the membranous septum was especially of interest in the
prediction, and that imaging alone was nearly as informative as integrating all relevant clinical modalities found
during Amine EL OUAHIDI’s internship:


https://bastienpasdeloup.github.io/r/?ag
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@ [T,] Amine EL OUuaHIDI (2023). “Utilisation de Méthodes d’Apprentissage Au-
tomatique pour Prédire 'Implantation d’un Pacemaker dans les Suites d’une
Procédure de TAVY”. UBO, Faculté de Médecine et des Sciences de la Santé de Brest
(MD)

The thesis investigated the use of ML and deep learning to predict permanent pacemaker implantation
within 28 days following TAVI, with the objective of identifying patients at high risk of post-procedural
conduction disturbances. The study retrospectively included 520 patients who underwent TAVT at the
CHU of Brest between January 2019 and December 2021, and compared two complementary approaches
based on heterogeneous clinical data and cardiac CT images. The first approach used 67 numerical and
categorical variables covering clinical characteristics, electrocardiography, echocardiography, procedural
information, and CT measurements. Eight ML models were systematically compared using nested cross-
validation, leading to the selection of an SVM, whose performance was subsequently improved through
feature selection combining SHAP and RFE. This analysis identified CT-derived anatomical variables
as particularly informative, including the diastolic length of the membranous septum and its variation
throughout the cardiac cycle, which emerged as highly predictive of pacemaker implantation; training the
same model on each modality separately confirmed the central role of imaging, CT variables alone almost
matching the full selection. The second approach investigated whether the prediction could be performed
directly from raw 3D CT data, using a 3D ResNet trained independently on systolic, diastolic, and non-
contrast (calcium) CT sequences. While the image-based deep learning models remained less accurate than
the feature-based SVM (AUC-ROC of 70.2% for the calcium sequence, 62.3% for systole, and 60.1%
for diastole), they demonstrated the feasibility of predicting the outcome directly from medical images
without explicit anatomical feature extraction. The final SVM achieved an AUC-ROC of 92.1% =+ 4.7,
an AUC-PR of 77.6% =+ 9.9 and an Fi-score of 71.8% % 9.9, outperforming an established multivariate
risk score evaluated on the same data as well as the four published ML studies on this question — a
comparison the thesis itself qualifies, since those studies were not re-evaluated on this cohort and report
no confidence interval — and was made available online for potential clinical use.

Amine EL OuaHIDI was invited to present his thesis work during the Research Days of the CHU of Brest [Wi],
for which he received the clinical research award. His work was later published in [J;], which got some impact
on the clinical cardiology research community, and is generally cited as a work marking transition from clinical
scores to multimodal ML prediction [JAMHOUR-CHELH ¢f al., 2025 [E&]; ABRAS ¢7 al., 2026 [EF)].

Our work also led to a subsequent collaboration with researchers from AP-HP, on the use of ML tools for
prediction of adverse events in CICUs. This led to the following publication, as well as communication [W,¢]:

@) [],,] Orianne Werzman, Kenza Hamzr, Patrick HENRY, Guillaume SCHURTZ, Marie
HAUGUEL-MOREAU, Antonin TRIMAILLE, Marc BEDOSSA, Jean-Claude D1, Sabir
ATTOU, Tanissia BOUKERTOUTA, Franck Boccara, Thibaut PoMMIER, Pascal Lim,
Thomas BocHATON, Damien MILLISCHER, Benoit MERAT, Fabien Pi1cARrD, Nis-
GONCALVES, Eric Vicaur, JeanGulllaume b.I.L.L.I'I;IGER, Solenn TourIN, Théo
PEZEL (2025). “Machine Learning Score to Predict In-Hospital Outcomes in
Patients Hospitalized in Cardiac Intensive Care Unit”. Exropean Heart Journal,
Digital Health (vol. 6, nb. 2, pp. 218-227), Oxford University Press

This work investigated the use of ML to predict major adverse events in patients admitted to CICUs. The
study used a prospective multicenter cohort of 1,499 consecutive patients admitted to 39 French CICUs
during a two-week nationwide inclusion period, and defined the primary outcome as an in-hospital


https://www.tandfonline.com/doi/full/10.1080/14779072.2025.2533241
https://www.mdpi.com/2075-4418/16/11/1720
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major adverse event, comprising death, resuscitated cardiac arrest, or cardiogenic shock. 28 variables
were collected at admission, including clinical, biological, electrocardiographic, and echocardiographic
measurements, and the study compared several ML approaches. Feature selection identified 7 variables
associated with the outcome - illicit drug use, mean arterial pressure, Killip class, exhaled carbon monoxide
level, left ventricular ejection fraction, tricuspid annular plane systolic excursion, and peak E /¢’ ratio -
four clinical and three echocardiographic, all of which the final model - a boosted cost-sensitive decision-
tree ensemble, the best of the four ML approaches compared — retained. The resulting score achieved
an AUC-ROC of 0.90 in the testing cohort, with a sensitivity of 0.42 and a specificity of 0.99, and
retained good discrimination in an independent external cohort of patients from 8 centers that had not
contributed to model development. The model also outperformed several established risk scores. These
results demonstrated that a relatively small set of heterogeneous clinical and echocardiographic variables
could be combined through ML to provide accurate early risk stratification in CICU patients, although
the small number of major adverse events, a proportion of missing echocardiographic measurements
reaching a quarter of the cohort for the E'/¢€’ ratio, the confinement of the validation to French centers,
and the fact that variables such as exhaled carbon monoxide are not routinely collected everywhere, all
limited the conclusions regarding its immediate clinical applicability.

On a different topic, collaborating with the cardiology department of the CHU of Brest gave me the opportunity
to meet Yahia BELLoUCHE, whose PhD I supervised. The interests of Yahia BELLOUCHE revolved around
cardiovascular modeling and CFD, bringing a lot of physics elements into his work, with the objective of
integrating a mechanistic understanding into predictions as a complement to imaging data.

In a first work, we developed a novel index for the assessment of coronary lesions, using CCTA for its non-
invasiveness. This was published as follows:

- -] [Js] Yahia BELLoucHE, Clément BENic, Sinda HANNAcCHI, Pierre-Philippe Nicor,
Romain DIDIER (2025). “Performance of a Novel ComputatlonalHyperemlc
Resistance Index Derived from Cardiac CT in Coronary Chronic Syndromes”.
Journal of Clinical Medicine (vol. 14, nb. 20, art. 7270), MDPI

This work investigated a novel non-invasive computational equivalent of the HSR index, derived from
CCTA, for the functional assessment of coronary lesions in patients with suspected chronic coronary
syndrome. The study retrospectively included 64 patients with 106 coronary lesions who underwent both
CCTA and invasive coronary angiography at the CHU of Brest. Patient-specific 3D coronary models
were reconstructed from CCTA using open-source tools, and CFD simulations were performed under
basal and hyperemic conditions. Importantly, the simulations incorporated patient-specific boundary
conditions derived from CCTA, left-ventricular and aortic flow measurements, and invasive pressure data,
which served both to initialize the peripheral resistances and as targets when tuning the lumped-parameter
models, allowing the resulting computational hemodynamics to account for individual anatomical
and physiological characteristics. The validity of the pipeline was supported by the strong correlation
between the computational fractional flow reserve it produces and its invasive measurement (r = 0.87,
p < 0.0001). The proposed cHSR index was evaluated against computational fractional flow reserve and
quantitative flow ratio, using the clinical decision to perform coronary revascularization as the reference
outcome. Atan optimal cut-off of 0.75 mmHg/cm - s~ 1, the cHSR reached 96.2% sensitivity and 96.2%
specificity and an overall diagnostic accuracy of 96.2%, providing a large accuracy improvement over
the two other indices, although the corresponding gap in AUC-ROC was narrower (0.96 against 0.93
and 0.81). The study additionally investigated whether cHSR was associated with local hemodynamic
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parameters related to atherosclerosis, but found no significant correlation with TAWSS or OSI. The
retrospective design, the small cohort, the cost of the simulations and their assumption of rigid arterial
walls were all acknowledged as limitations.

In a second work, we used patient-specific CFD to derive a non-invasive hemodynamic biomarker for the
detection and characterization of CTEPH and CTEPD. This work — published as follows — highlighted the
potential of CFD to extract clinically relevant information beyond that provided by anatomical imaging alone:

@ [Jo] Yahia BELLoucHE, Cécile TROMEUR, Romain DIDIER, Philippe RoBIN, Christophe
GUuT-GOBERT, Pierre-Yves LE Roux, Iréne FRacHON, Michel NONENT, Alexan-
dre FAucHE, Jamal ELHASNAOUT, Aurélia LE HIr, Marie GUEGAN, Christophe
LEROYER, Pierre-Yves SALAUN, Bastien PASDELOUP, Francis COUTURAUD (2025).
“Proximal Pulmonary Artery Wall Shear Stress Derived from Computational
Fluid Dynamics: A Non-Invasive Biomarker for CTEPH and Perfusion Mis-

match”. Physiological Reports (vol. 13, nb. 2z, pp. €70664), Wiley Online Library

This work investigated whether CFD could provide a non-invasive hemodynamic biomarker for the
detection of CTEPH and CTEPD. The study retrospectively analyzed 90 patients with a previous
pulmonary embolism in a case-control design, with three matched groups of 30: patients with CTEPH,
patients with perfusion mismatches but without pulmonary hypertension, and patients without perfusion
mismatch. Patient-specific 3D models of the pulmonary arteries were reconstructed from CT pulmonary
angiography, and CFD simulations were performed using individualized resistance-compliance boundary
conditions tuned on right-heart catheterization and cardiac output measurements. The simulations were
used to characterize proximal pulmonary artery hemodynamics, with particular emphasis on TAWSS
and OSI. The study found that median TAWSS was substantially reduced in both CTEPH and CTEPD
patients compared with patients without perfusion mismatch (16.5, 27.5and 42.0 dyn/cm? respectively),
with the lowest values observed in CTEPH. TAWSS was also strongly associated with the presence
of ventilation/perfusion mismatch (p = —0.673) and predicted it with an AUC-ROC of 0.918, an
optimal cut-off of 27.0 dyn/cm? yielding full specificity for a sensitivity of 70%, whereas OSI did not
significantly differ between the groups — in contrast with earlier reports of elevated OSI in CTEPH.
These findings suggested that reduced wall shear stress in the proximal pulmonary arteries reflected the
chronic thromboembolic burden and could also identify perfusion abnormalities in patients who had
not yet developed pulmonary hypertension. The retrospective design and limited cohort size nevertheless
warranted further validation in larger prospective populations before clinical implementation.

Throughout these collaborations, my experience in cardiology allowed me to extend my expertise in ML toward
patient-specific medical applications, while contributing to the development of imaging-based and computational
biomarkers for cardiovascular diagnosis and risk assessment.

These collaborations have highlighted the importance of imaging, but have also shown that integrating other
modalities (clinical data, CFD-based indices) could lead to an increase in model performance. This reinforces my
initial statement in Section IL3, 7.e., that multimodality is an important direction for healthcare applications
involving AT techniques.
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I13.3 Works in Oncology
The final healthcare application I worked on was oncology, in the context of personalized medicine. During my
postdoc, I worked in collaboration with doctors from CHUYV in Lausanne, who were interested in immunother-
apy, and particularly in finding biomarkers that would indicate a higher risk of death, based on the distribution
of cells within cancerous tissues.

Leveraging my experience in GSP, a natural approach for me was to model the tissue as a graph (see Figure 8),

and to study the properties of this graph.

Mutliplex immunofluorescence Cell graph

T o Y
¥ ol rae il "

Regions

%

T cells (CD3)

B cells (CD20 Tumor Border Stroma

Melanoma cells (Sox10)
Stromal cells (DAPI)

Figure 8 Example of the construction of a cell graph from a tissue. The adjacent slide is colored using H&E
for determining tumor cells and stromal environment. Multiplex immunofluorescence provides
more information on cell phenotyping. In [C,,], this information was estimated using a CNN
as only H&E was available on TCGA [GDC @)]. The graph is then constructed using Delaunay
triangulation [DELAUNAY, 1934 [E]. Figure taken from [R,].

Due to data acquisition delays (see my point in Section II.3), this work was completed after I moved to IMT
Atlantique. There, I continued this research, assisted by Yassine EL OuaHIDI e al.. Using the graphs of
cells, we measured distance-based indicators of T-cell infiltration in the tumor. We then showed that the
distribution of such distances obtained for a subject correlates with their vital prognosis, and used optimal
transport [VILLANT, 2008 [EE]] to compute distances between subjects for clustering. This work led to the
following publication:


https://portal.gdc.cancer.gov/
https://www.mathnet.ru/php/archive.phtml?wshow=paper&jrnid=im&paperid=4937
https://link.springer.com/book/10.1007/978-3-540-71050-9
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& [C.] Yassine EL OuaHIDI, Matis FELLER, Matthieu TALAGAS, Bastien PAspDELOUP
(2021). “Une Approche pour Regrouper des Sujets Atteints de Cancers, sur la
Base des Similarités des Répartitions Cellulaires au Sein de Leurs Biopsies™.

EGC (pp. 333-340), RNTI

This work investigated whether the spatial organization of cells in histopathological biopsies could be used
to identify patient subgroups with different survival outcomes. It proposed an interpretable, unsupervised
framework that represented each patient through histograms describing several aspects of the spatial
distribution of cancer cells, stromal cells, and lymphocytes, rather than relying only on conventional
measures such as cell counts or densities. Five complementary features were considered: the distance
between lymphocytes and cancer cells, the distance between lymphocytes and the cancer-stroma interface,
the distance between lymphocyte aggregates, the size of these aggregates, and the density of lymphocytes
at different distances from the cancer-stroma interface. A Delaunay triangulation of the detected cells
was used to identify spatial relationships between neighboring cells and to characterize interfaces and
lymphocyte aggregates. The resulting distributions were compared between patients using the Wasserstein
distance, which accounted for differences in both the location and shape of the distributions, and patients
were subsequently grouped using agglomerative hierarchical clustering. The methodology was evaluated
on H&E-stained biopsies from patients with stage I lung adenocarcinoma from TCGA. After filtering
the initial cohort, 94 patients were retained, each associated with several regions of interest containing
both tumor and stromal tissue. When considered individually, four of the five proposed spatial features
produced clusters with significantly different survival profiles; in particular, the spatial organization and
density of lymphocytes relative to the tumor-stroma interface were strongly associated with prognosis.
Combining the informative features into a single weighted similarity measure further improved the
separation between patient subgroups, yielding a highly significant difference in survival. Importantly,
the framework remained interpretable, as representative histograms could be examined to identify the
spatial characteristics distinguishing the groups. Unlike existing approaches, which assign subjects to
predefined classes, the framework was fully unsupervised, which both allows new candidate features to
be explored for correlation with survival and lets a newly seen subject be matched against the patients
most similar to them.

While I'am particularly proud of this work, which concluded my postdoctoral experience, and initiated collabora-
tions with Yassine EL OuaHIDI — who would later do 2 PhD under my supervision — it did not have any impact,
due to its publication in a national conference. Still, I was recently contacted by a former collaborator from
CHUYV, who extended this work to more advanced phenotyping techniques (multiplex immunofluorescence),
paving the way for personalized and effective treatment strategies in melanoma. This article, currently under
review, is summarized below:
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@ [R .| Alexandre WicKy, Jonatan BONJOUR, Beril BESBINAR, Petros L1IAKOPOULOS,
HATOUM,Chanlaos Zisou, Sevda OguT, Robin LiecHTI, Julien DORIER,
Ekaterina Forrtis, Christel Voize, Rita DE MicuEiLl, Clarisse DROMAIN,
Julien DAGHER, Igor LETOVANEC, Laurence DE LEvaL, Pawel TETERYCZ,
Anna SZUMERA-CIECKIEWICZ, Piotr RUTKOWSKI, Sofiya LATIFYAN, Andrew
JaNnowczyk, Sylvain PRADERVAND, Mikaél J. PITTET, Stephanie T1ssoT, Sylvie
Rusakiewicz, George Coukos, Dorina THANOU, Pascal FRosSARD, Michel A.
CUENDET, Olivier MICHIELIN (2026). “Spatial Organization of the Inmune
Microenvironment Predicts Checkpoint Inhibitor Response in Advanced
Melanoma”. Nature Communications, Nature Publishing Group

This work investigated whether the spatial organization of immune cells within the tumor microenvi-
ronment could predict response to immune checkpoint inhibitor therapy in patients with advanced
melanoma. The study analyzed pretreatment tumor samples from 77 patients, comprising a discovery
cohort of 47 patients and an independent validation cohort of 30 patients, using two panels of deliberately
low-plex multiplex immunofluorescence — an affordability constraint chosen for clinical viability — to
identify several immune cell populations, including CD4" and CD8™ T cells, B cells, natural killer cells,
dendritic cells, and macrophages, together with markers of activation and proliferation. Rather than
relying on the abundance of individual cell types, the tissue was represented as a cell graph obtained by
Delaunay triangulation, partitioned into tumor, border, and stroma compartments, from which a few
hundred interpretable spatial features describing cell proximity, clustering, and interactions were extracted.
Features were ranked using MRMR, and an /5-regularized logistic regression model was trained to dis-
tinguish patients who remained progression-free for two years from those who did not. Cross-validated
performance on the discovery cohort peaked with only two features, and decreased as further ones were
added, so that the final model was deliberately kept minimal: the number of contacts between dendritic
cells and T cells per dendritic cell within the tumor, and the number of B-cell clusters in the stroma,
the latter being strongly correlated with markers of early tertiary lymphoid structures. The resulting
model achieved an AUC-ROC of 0.74 on the independent validation cohort, whereas the amount of
CDS8™ T-cell infiltration alone was not predictive, and it was also associated with progression-free and
overall survival in that cohort. Replacing each of the two features by its most correlated alternative left the
performance essentially unchanged, indicating that the model captures biological characteristics rather
than idiosyncrasies of the selection procedure. Where immune cells were located and how they interacted
therefore carried more predictive information than how many of them were present. Several limitations
were acknowledged, however: the cohorts remain small, single markers cannot resolve the functional
diversity of macrophages or CD4 " subsets whose opposing effects may cancel out, and above all the
absence of an untreated control group leaves open whether the biomarker is genuinely predictive of
response or partly prognostic of a better course regardless of treatment.

This concludes my past work on healthcare topics. Overall, these applications have brought me opportunities to
work on various data types (e.g., graphs, images, tabular), providing me with interesting and useful support for
exploring the literature on more fundamental aspects of Al

I strongly believe that multimodality revolving around text, and agentic Al, are the next directions that would
enable important breakthroughs in healthcare. Datasets exist, but access to them remains too difficult for training
general healthcare foundation models. Federated learning, as used in the STR ATIF-AI project, offers some
solutions, but the system is very heavy to put in place. I think the future of Al-assisted healthcare will leverage
agents developed in independent hospitals, and then made available (with anonymization guarantees). Such
collaborations of specialized units would probably allow the detection of early markers of some diseases, coming
from a mix of healthcare subdomains.



60 II — Overview of Past Activities

II.4 Other Collaborations

To conclude this chapter on my past research and collaborations, I want to mention some other works I have
done, in which I generally had the role of a supervisor, bringing AI expertise to a different domain.

These other collaborations can mainly be grouped into two categories. After my arrival at IMT Atlantique, I
worked in the DECIDE team, which featured researchers with a strong interest in operational research. In this
team, I worked on this topic, but also on applications, often related to time series or physics. The subsequent
sections detail these works.

As an expert in Al in a team of operational research experts, I had the opportunity to supervise the PhD thesis of
Maryam KaRIMI-MAMAGHAN, who wanted to develop hybrid approaches mixing metaheuristics and ML for
combinatorial optimization. Her PhD manuscript is summed up below, and ideas that led to her work were
initially presented in [C,,]:

@ [T,] Maryam KARIMI-MAMAGHAN (2022). “Hybridizing Metaheuristics with Ma-
chine Learning for Combinatorial Optimization: A Taxonomy and Learning
to Select Operators”. Ecole Nationale Supérienre Mines-Télécom Atlantique (PhD)

The thesis of Maryam KarRiMI-MAMAGHAN investigated how ML could be integrated into metaheuristic
algorithms to improve combinatorial optimization. First, it provided a comprehensive review of existing
approaches and proposed a unified taxonomy describing the difterent ways in which ML could interact
with metaheuristics: algorithm selection, fitness evaluation, initialization, evolution - itself split into
operator selection, learnable evolution models, and neighbor generation — parameter setting, and coopera-
tion between algorithms. The thesis then focused on adaptive operator selection, addressing the problem
of choosing, during the search, which perturbation or local-search operator should be applied based on
the current state of the optimization process and the operators’ past performance. To this end, Maryam
KARIMI-MAMAGHAN proposed a general framework integrating Q-learning into an ILS, allowing the
algorithm to learn online which operators were most effective rather than relying on a fixed or random
selection strategy. The approach was evaluated on two combinatorial optimization problems, the TSP
and the PFSP, where it consistently improved solution quality and convergence compared with random
operator selection, with particularly strong results on large instances. In the PFSP, the resulting algorithm
also showed competitive performance with state-of-the-art methods.

This manuscript builds on several publications. First, we explored the integration of ML into a classical ILS
algorithm, with the goal of estimating solutions to the TSP problem. This problem is NP-hard, and even the
best exact solvers struggle to find optimal solutions for large instances. Finding good approximations that are fast
to compute is still a challenge. This work led to the following publication:

-] [C] Maryam KARIMI-MAMAGHAN, Bastien PAspELOUP, Mehrdad MoHAMMADI,

Patrick MEYER (2021). “A Learning-Based Iterated Local Search Algorithm for
Solving the Traveling Salesman Problem”. OLA (pp. 45-61), Springer

This work proposed a learning-based ILS algorithm for the TSP, with the objective of making the search
process more adaptive than traditional ILS approaches. Whereas a standard ILS relies on a single local-
search and a single perturbation operator, the method incorporated several of each and used Q-learning
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to select the most appropriate one at each step of the search, according to the state of the search and the
reward accumulated by every operator. The two levels of integration were studied separately: one variant
learns to choose among three local-search operators — the basic 2-opt and two operators proposed in the
article, an extended 2-opt and an extended insertion operator — while the other chooses among three
perturbation operators — double-bridge, shuffle-sequence, and reversion-sequence. Experiments on 24
symmetric TSP instances from the TSPLIB library showed that both variants recover the optimal solution
on small and medium instances and stay within small optimality gaps on the largest ones, and that they
converge faster and toward better solutions than the corresponding single-operator and random-selection
variants against which they were compared. The comparison also suggested that selecting perturbation
operators is the more promising of the two levels, since it is the one that addresses the weakness of ILS:
intrinsically strong at exploitation, but prone to being trapped in local optima.

We later extended similar ideas to new metaheuristics and combinatorial problems, such as the IG for the PESP
problem, which is also NP-hard. This work led to the following publication, with intermediate developments
presented in [C,; W.; W, ]:

@[] Maryam KaRimMI-MAMAGHAN, Mehrdad MonAMMADI, Bastien PASDELOUP,
Patrick MEYER (2023). “Learning to Select Operators in Meta-Heuristics: An
Integration of Q-Learning into the Iterated Greedy Algorithm for the Per-
mutation Flowshop Scheduling Problem”. EJOR (vol. 304, nb. 3, pp. 1296-1330),

— Elsevier S

This work developed alearning-based IG algorithm for the PESP, with the objective of making the selection
of perturbation operators adaptive. The PFSP required finding an ordering of jobs to be processed on a
set of machines so as to minimize the makespan, and represented a challenging NP-hard combinatorial
optimization problem. The approach extended the standard IG framework by incorporating multiple
perturbation operators with different exploration strengths, rather than relying on a single fixed operator.
The main contribution was the integration of Q-learning into the perturbation phase. At each iteration,
the RL mechanism selected an operator according to the current state of the search and the performance
history of the available operators. Successful operators were therefore increasingly favored in relevant
search situations, while the learning process retained exploration of alternative operators. This turned
operator selection into an online decision-making problem and allowed the metaheuristic to adapt its
exploration behavior throughout the optimization process. The resulting Q-learning-based IG algorithm
was evaluated on three well-known collections of PFSP benchmark instances and compared with non-
learning IG variants, including approaches using individual or randomly selected perturbation operators,
as well as 7 state-of-the-art algorithms. The experiments showed that adaptive operator selection improved
the exploration ability of IG and led to faster convergence toward higher-quality solutions. The method
obtained better optimality gaps while introducing no significant computational overhead, and even
required less computational time on large instances due to its improved convergence behavior. Two
complementary analyses supported the mechanism: a sensitivity study showed the algorithm to be almost
insensitive to the number of operators provided, automatically ignoring the redundant ones, and a
decomposition of the improvement per operator showed that each of them contributes significantly at
some stage of the search. Overall, this work demonstrated that RL could be integrated directly into a
metaheuristic to learn how to search, rather than learning the solution itself.

The works of Maryam KarRiMI-MAMAGHAN had a substantial impact on the operational research community.
They were published at a time when the interest of the community for the combination of RL and combinatorial
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optimization was resurging [JOHNN ez 4/., 2024 [E8]], and paved the way for several follow-up works aiming at
using RL for metaheuristics improvement [LU ¢z 4l., 2024 [E8; ZHAO et al., 2024 EE].

Interestingly, newer approaches have emerged since then that aim at exploiting LLMs and other large
models for solving complex optimization problems, which I believe is a strong direction for future
work [MAsoUD ez al., 2024 [E]. In particular, [PEREIRA ¢7 al., 2025 [EE]] proposes an interesting way of ap-
proaching the problem, by using a specific positional encoding method inspired by ALiBi [PRESS ez al., 2021
(=] and RoPE [Su ez al., 2024 [E].

In addition to hybridization of metaheuristics with ML for a controlled exploration of the search space, another
direction of research we explored was to use ML models for generating candidate solutions in population-based
metaheuristics, leading to novel crossover operators. This work led to the following publication:

@) [C,,] Bastien PASDELOUP, Maryam KARIMI-MAMAGHAN, Mehrdad MOHAMMADI,

Patrick MEYER (2020). “Autoencoder-Based Generation of Individuals in
Population-Based Metaheuristics”. Congrés Annuel de la ROADEF

This work explored a novel way of generating new individuals in population-based metaheuristics by
using autoencoders to learn a continuous latent representation of candidate solutions. Instead of relying
exclusively on traditional crossover and mutation operators, the approach encodes existing solutions
into a lower-dimensional latent space, combines their representations, and decodes the resulting point
to generate a new candidate solution. The underlying idea was that the learned latent space could
capture characteristics shared by good solutions and therefore provide a meaningful space in which to
perform recombination, while removing the need for expert-designed breeding rules. The approach
was investigated in the context of the TSP problem. Randomly generated tours were used to train the
autoencoder, after which each new individual was obtained by drawing several parents with probability
proportional to their fitness, averaging their latent representations with the same weights, and decoding the
result; since the decoded matrix does not in general describe a Hamiltonian cycle, a greedy regularization
step reconstructs a valid tour, and the child is inserted in the population only if it outperforms all of
its parents. The article also observed that the imperfect reconstruction of the autoencoder plays a role
analogous to mutation in a classical genetic algorithm. Being a short conference abstract, it presented
the idea and the pipeline rather than a quantitative evaluation, the experiments and comparisons with
existing methods being deferred to the oral presentation.

Related to my interests in diversity within algorithms — which led to the ENDIVE project — I extended my work
to population-based metaheuristics with the exploration of the impact of diversity in candidate solutions on
convergence of genetic algorithms. It was also the opportunity for me to work on decision aid, a subfield of
operational research that aims at producing tools for supporting informed decision making in complex situations.
This work was conducted in close collaboration with Patrick MEYER, Arwa KHaANNOUSSI and Alexandru-Liviu
OLTEANU from the DECIDE team, and was pursued in a student project by Kadriye Nur BAKIRCI ¢f 4/.. This
line of research led to the following publication:


https://www.sciencedirect.com/science/article/pii/S0305054824002636
https://www.sciencedirect.com/science/article/pii/S0952197624006456
https://ieeexplore.ieee.org/abstract/document/10433568
https://arxiv.org/abs/2405.01997
https://hal.science/hal-05295614
https://openreview.net/forum?id=R8sQPpGCv0
https://www.sciencedirect.com/science/article/pii/S0925231223011864
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@ [C,e] Miguel Guzman, Kadriye Nur BAkIrcI, Martin ROUESNE, Héléne SAVATIER-
DurRrE, Bastien PASDELOUP, Patrick MEYER (2023). “Utilisation de Processus
Ponctuels Déterminantaux pour la Sélection de Parents dans un Algorithme
Génétique : Application a ’Aide Multi-Critere a la Décision”. Collogue du
GRETSI (pp. 141-1144)

This work investigated the use of DPPs for parent selection in genetic algorithms, with an application
to multi-criteria decision aid. The study considered the RMP model, for which a genetic algorithm
was used to optimize the model parameters. The work identified a limitation of conventional selection
mechanisms: by repeatedly favoring the fittest individuals, they could reduce population diversity and
lead to premature convergence. To address this issue, k-DPP sampling was introduced as a diversity-aware
parent selection mechanism, which draws a subset of individuals according to their pairwise dissimilarity
and therefore deliberately ignores their fitness; a hybrid variant was also proposed, in which a diverse
mating pool is first sampled by £-DPP and the parents are then drawn from it by conventional roulette
selection, so as to recover a quality criterion. Two similarity kernels were investigated, one based on the 1
distance between the vectorized model parameters and one based on the Kendall-Tau correlation between
the rankings that the corresponding models produce. Experiments showed that DPP-based selection
increased population diversity across generations — significantly so with the Kendall-Tau kernel — and
slightly improved the generalization of the resulting decision models to previously unseen alternatives,
the /1 kernel performing best; combining the two selection mechanisms proved less effective than using
either of them alone. These modest gains came at a considerable computational cost, from around 50
seconds for roulette selection to more than an hour for the ¢1 kernel and several hours for the Kendall-Tau
one, the more expensive kernel being no more accurate.

Following this research on genetic algorithms for inferring RMP models, we extended the approach by developing
faster crossover and mutation operators in the population-based algorithm. This work was published as follows,
with preliminary results presented in [C,o; Wi, ]:

@ [].] Arwa Kuannoussi, Alexandru-Liviu OLTEANU, Patrick MEYER,

Model Based on Multiple Reference Profiles”. Annals of Mathematics and
Artificial Intelligence (vol. 92, nb. 6, pp. 1467-1488), Springer

This work developed an evolutionary metaheuristic for inferring the parameters of a ranking model
based on RMP in the context of multi-criteria decision aiding, focusing on the simple variant of the
model in which the importance of criteria is represented by additive weights. The objective was to learn
a preference model from holistic judgments provided by a decision maker, here pairwise comparisons
between alternatives. The work addressed the difficulty of learning the parameters of such models, whose
number increases rapidly with the number of criteria and reference profiles, which prevents existing
approaches based on MILP or constraint programming from handling realistic instances. A metaheuristic
was therefore designed to search directly for model parameters that reproduced the observed preferences.
The approach was evaluated on extensive synthetically generated datasets, where a reference model was
used to generate training preferences and the inferred model was then assessed both on the training
alternatives and on previously unseen alternatives, including in the presence of noisy comparisons. The
experiments showed that the method attained a generalization power comparable to that reported for
exact formulations, while requiring significantly lower computation times and remaining applicable to
instances that those formulations cannot address; on the small instances they do handle, and without a
time budget, those exact methods remain the more accurate. In particular, the results demonstrated that
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the inferred models could generalize the decision maker’s preferences beyond the alternatives used during
learning, and that this ability degrades gracefully when the training comparisons are noisy.

This work served as a reference for subsequent work in the DECIDE team [MALLEGOL,2023 [EE;
JOURDIN ¢t al., 2024 [EE], where operational research for decision aiding is still an active line of research.

II.4.2 Physics & Time Series

I also had the opportunity to collaborate with researchers interested in applications of ML approaches to physics.
In such domains, time series are often an object of interest, so I have chosen to group some non-physics-specific
related works in this section too.

Although no publication came out of these collaborations, I supervised the works of Mervyn GuiLLou and
Behnam VauDANI, who both worked on projects in partnership with Elliptika, a company located in Brest,
France, which wanted to use Al to learn the parameters of signal filters from time series — instead of performing
a full costly simulation — with the objective of 3D printing such filters afterward. This first experience with
physicists made me discover a very frequent concern in applied physics: the need for fast models to replace already
existing simulations. This problem arose several times in my research.

Regarding physics-related applications, I had the opportunity to supervise the PhD theses of two students. The
first one was Fred Michael GONSALVES, who was doing a CIFRE PhD with Chantiers de Atlantique, a large
French-based ship manufacturer. In this collaboration, the goal was to reduce the energy consumption of ships,
through the use of operational research and AI. His manuscript is presented below:

@ [T.] Fred Michael GONSALVES (2023). “Leveraging Machine Learning and Opera-
tions Research to Enhance Cruise Ship Energy Efficiency”. Ecole Nationale
Supérienre Mines-1élécom Atlantique (PhD)

The thesis of Fred Michael GONSALVES investigated the use of ML and operational research to improve
the energy efficiency of cruise ships, considering both operational optimization and the design of onboard
energy systems. The work addressed the growing need to reduce the environmental impact of cruise
shipping by developing data-driven models to characterize ship energy consumption and optimization
methods to determine more efficient operating strategies. On the operational side, which concentrated on
propulsion as the largest energy consumer aboard, ML models were developed to predict propulsion power
from historical measurements and environmental conditions, providing a data-driven representation
of the relationship between ship operation, weather conditions, and energy consumption. Particular
attention was given to the methodology behind these models: the integration of hindcast rather than
forecast weather data, and a temporally consistent splitting of training and validation data, both aimed at
obtaining parsimonious models whose measured performance reflects their real ability to predict future
operating conditions. Two applications were then built on these models: a fluid deadweight management
tool, which optimally distributes the ship’s liquid loads so as to improve its hydrodynamic condition in
operation, and a methodology to quantify the effect of biofouling on propulsion efficiency over time. On
the design side, the thesis developed a generic MILP formulation of the cruise-ship multi-energy system,
catering to the heterogeneous propulsion, electrical, and thermal demands of the vessel, and optimizing
technological choices and operating decisions jointly rather than treating them as separate problems.
This formulation was addressed as a bi-objective problem over lifetime cost and lifetime greenhouse-gas
emissions, resolved both through an epsilon-constraint Pareto front giving a spectrum of intermediate
solutions, and by internalizing carbon taxes into the cost objective.



https://theses.hal.science/tel-04457886/
https://link.springer.com/chapter/10.1007/978-3-031-62912-9_11
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His manuscript builds on two main contributions. First, we worked on numerous time series corresponding to
the propulsion power of ships across several months. This allowed us to produce a fast ML-based model for
predicting power consumption, thus replacing a full simulation. This work led to the following publication:

- -] [C,] Fred Michael GONSALVES, Bastien PASDELOUP, Romain BrLLoT, Patrick MEYER,

Arnaud JacQuUEs, Matthieu LORANG (2021). “New Insights into the Propulsion
Power Prediction of Cruise Ships”. ICTAI (pp. 846-850), IEEE

This work investigated the use of ML for predicting the propulsion power of cruise ships, with a particular
focus on the methodological challenges associated with evaluating predictive models on high-frequency
operational data. The study used 27 months of sensor and weather data from a large cruise ship and
considered MLPs trained from variables related to ship speed, propulsion, draft, acceleration, wind,
and waves. Rather than focusing primarily on proposing a new neural network architecture, the work
examined how the way in which data was divided into training, validation, and test sets affected the
apparent performance and generalization of the models. In particular, it built on the cross-talk problem,
which arises when highly correlated observations from the same time periods are randomly distributed
between training and validation sets, and showed that it is further aggravated by the overlapping windows
commonly used when aggregating high-frequency measurements. This could lead to artificially low
validation errors and an overly optimistic assessment of model performance. To address this issue, the
work compared conventional shuffle-based splitting with a temporal splitting strategy, in which earlier
observations were used for training and later observations for validation. The experiments showed that
temporal splitting provided a more reliable estimate of performance on future unseen data and consistently
generalized better than shuffle-based validation, the advantage persisting even at a six-month prediction
horizon where the error inevitably grows. The study also investigated the effect of model complexity and
showed that, for the considered MLP architecture, relatively small and parsimonious models performed
as well as or better than more complex architectures, while exhibiting lower variability in their test errors.

One of the main impacts of this work was to highlight a fundamental flaw in existing literature on time-series
forecasting using ML in the naval industry. Existing work achieved high performance on the validation set,
which did not reflect the true ability to predict future operating conditions [GKEREKOS ¢ al., 2019 [EE]]. Indeed,
these works performed random (shuffle-based) validation, which introduced leakage between the training set and
the test set. This gave the illusion of a model that was able to predict the future, while it was only interpolating
within known operating conditions [NGUYEN ez 4., 2025 [EE].

Fred Michael GONSALVES also explored more operational research-based approaches, with the development of
an MILP formulation to design energy systems in large cruise ships. This led to the following unpublished work:

- -] [P,] Fred Michael GONSALVES, Patrick MEYER, Romain BrLLoT, Bastien PASDELOUPD,

Matthieu LORANG (2023). “Optimal Design and Operation of Cruise Ship
Multi-Energy Systems: An MILP Formulation”. HAL preprint hal-04310676

This work developed an MILP formulation for the integrated design and operation of cruise-ship multi-
energy systems. The objective was to jointly determine the configuration and sizing of the onboard energy
system and its operating strategy while satisfying the ship’s heterogeneous energy demands, including
propulsion, electrical, and thermal loads. The formulation represented the main energy flows and
operational constraints of the ship while accounting for discrete decisions concerning the selection and
use of energy-system components. It therefore allowed design and operational decisions to be optimized
simultaneously, rather than treating them as separate problems, and was deliberately written in a generic
way so that different technologies can be substituted without modifying the underlying model. The
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formulation was instantiated with internal combustion engines and solid oxide fuel cells, and solved
under three objective functions - lifecycle greenhouse-gas emissions, lifecycle cost, and lifecycle cost
including a carbon tax — with the resulting design and operation results validated by domain experts.
Consistently with the literature, solid oxide fuel cells yielded significant reductions in greenhouse-gas
emissions. More unexpectedly, the carbon-tax analysis over a 15-year horizon showed a much weaker
effect of such measures than anticipated, which raises questions about their ability to drive the adoption
of cleaner but capital-intensive technologies in the cruise-ship industry.

Leaving the sea for the land, I later had the opportunity to supervise the PhD of Dubon RoDRIGUE, who wanted
to accelerate the simulation of DHNS for the development of centralized heating systems in modern cities. His
PhD manuscript is summed up below:

@) [T;] Dubon RODRIGUE (2025). “Topology Simplification of District Heating Net-
works via Artificial Intelligence-Based Node Aggregation”. Ecole Nationale
Supérienre Mines-Télécom Atlantique (PhD)

The thesis of Dubon RoDRIGUE investigated the use of ML to simplify the topology of DHNs and reduce
the computational cost of their dynamic simulation. Detailed DHN models required the simulation of
heat transport through pipes, energy consumption at substations, and heat generation from multiple
sources, leading to increasingly large and computationally expensive systems as the network size grew. The
work addressed this limitation by replacing clusters of substations with supervised ML models, primarily
based on artificial neural networks, trained to reproduce the physical dynamics of the aggregated parts of
the network. This created a hybrid representation in which the original physical model was retained for the
main network while selected groups of substations were represented by learned surrogate models, thereby
reducing the number of physical components and equations that had to be simulated, and achieving up
to an 82% reduction in simulation time on a large-scale network. The thesis also proposed a graph-based
clustering methodology to automatically identify suitable groups of substations for aggregation, exploiting
the network structure and the similarity of their dynamic behavior, and grounded in a statistical analysis
of 2,696 distinct clusters drawn from 17 different networks. The resulting approaches were evaluated on
several DHN's and showed that substantial reductions in model complexity and simulation cost could
be obtained while preserving comparable physical accuracy. Along the way, the work also contributed
two software tools: HeatGrid, a pseudo-dynamic physical simulation model whose predictions were
experimentally validated, and SyntheticDHN, a generator of realistic third-generation networks used to
build the case studies.

A first work consisted in replacing substations with surrogate models, to evaluate the feasibility of the approach.
To do so, we first worked on hand-defined clusters, and trained models to represent them as a single node. This
work led to the following article:

] [J.] " Dubon RoDRIGUE, Mohamed Tahar MaBROUK, Bastien PAspELOUP, Patrick
MEYER, Bruno LACARRIERE (2024). “Topology Reduction Through Machine
Learning to Accelerate Dynamic Simulation of District Heating”. Energy and

Al (vol. 17, art. 100393), Elsevier

This work proposed an ML-based methodology for reducing the computational cost of dynamic simula-
tions of DHNs. The approach addressed the increasing complexity of DHN simulations, particularly for
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large networks integrating renewable heat sources and thermal storage, by replacing selected clusters of
consumer substations with surrogate models. The DHN was represented as a graph, with the selected
clusters treated as aggregated nodes whose thermal dynamics were learned from physical simulations.
Three neural network architectures were compared on 220 diverse clusters extracted from four synthetic
DHNs with different topologies and heating-demand levels: MLPs proved clearly inadequate, with a
mean absolute error of 0.797 °C against 0.121 for convolutional models and 0.172 for recurrent ones,
confirming that temporal dependencies must be modeled explicitly; since the latter two were statistically
indistinguishable, the GRU-based recurrent architecture was retained for its lower internal complexity.
The results also showed that the surrogate models were able to reproduce the dynamics of the replaced
clusters across a wide range of configurations, including clusters of more than 100 substations, with the
external connectivity of a cluster having a stronger influence on prediction performance than its size or
heating demand, since it determines how many independent temperature signals have to be learned. The
learned models were then integrated with the remaining physical simulation to form a hybrid simulation
framework, combining data-driven predictions for aggregated clusters with physics-based modeling for the
rest of the network. This approach achieved a substantial reduction in simulation time while maintaining
acceptable accuracy in the thermal power generated by the heat sources: replacing 39% of the substations
of a medium-sized network cut the simulation time by 27% for an error below 1%, while replacing 83%
of a network of 700 substations cut it by 82% for an error of 1.42%.

Details on the integration of the approach in an MPC optimization framework were published as follows:

@ [C.,] Dubon RopRIGUE, Mohamed Tahar MABROUK, Bastien PAsDELOUP, Patrick

MEYER, Bruno LACARRIERE (2024). “Leveraging Neural Networks in a Hybrid
Model Predictive Control Framework for District Heating Networks”. ECOS

(pp. 287-298)

This work proposed a hybrid MPC framework for the optimal operation of large DHNs, combining
physics-based dynamic simulation with neural network surrogate models. The approach addressed the
high computational cost of conventional MPC, which repeatedly simulated the complete network during
the optimization of the mass flow rates and supply temperatures injected by the heat sources. Rather
than replacing the entire physical model with a data-driven model, the work selectively replaced clusters
of consumer substations with RNNs trained to reproduce their aggregated heat consumption and outlet-
water temperature dynamics. This localized strategy reduced the amount of data required for learning
while preserving the physical representation of the rest of the network. The neural networks accounted
for the thermal inertia of the clusters by processing sequences of past network states, and the resulting
hybrid model was integrated directly into the rolling-horizon MPC optimization. Experiments on a
synthetic 150-node DHN showed that the neural networks reproduced the cluster dynamics with mean
absolute percentage errors below 0.6% on the outlet temperatures and below 2.7% on the consumed
thermal power, the error on the delivered energy remaining lower than on the instantaneous power
since over- and under-estimations partly cancel out. Replacing approximately one-third of the network
with learned models reduced the computational time required by the MPC by 9% while maintaining
comparable control performance to the fully physics-based approach. The results also showed that the
achievable computational reduction grew with the size of the replaced clusters — substituting the smallest
one brought no gain atall, its inference time canceling the equations spared — whereas prediction accuracy
varied between clusters without following their size, which the article attributes to differences in physical
complexity rather than to scale.
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After this controlled work on hand-defined clusters, we wanted to extend our work to automatically defined sets
of nodes to aggregate, offering a flexible approach to balance between accuracy and acceleration. This work led
to the following article, with early results presented in [W]:

- -] [J:] Dubon RoDRIGUE, Mohamed Tahar MaBROUK, Bastien PASDELOUP, Patrick
MEYER, Bruno LACARRIERE (2026). “Flexible Clustering of Substations for
Accurate and Rapid Hybrid Simulation of District Heating”. Energy Informat-

ics, Springer

This work proposed a flexible, task-driven graph clustering methodology for improving the accuracy
and computational efficiency of ML-based spatial reduction of DHNs. The approach addressed a key
limitation of previous hybrid simulation methods: the quality of the reduced model depended strongly
on how substations were grouped into clusters, while clusters of similar size could lead to substantially
different surrogate-model accuracy. To address this issue, the work introduced physics-informed distance
metrics designed to capture the three factors that drive the difficulty of learning the dynamics of a cluster,
namely its thermal losses, its transport time, and its external connectivity. These metrics were integrated
into a hierarchical agglomerative clustering procedure, allowing the methodology to automatically identify
clusters that were suitable for replacement by surrogate models. The approach was evaluated on 16 DHNSs
with diverse topologies and thermal characteristics and was further validated on an independent network.
The experiments revealed a clear trade-off between simulation accuracy and computational reduction,
which could be adjusted according to user preferences. On the validation network, configurations
prioritizing physical accuracy reduced the simulation time by 7% while limiting the deviation in total heat
production to 6.45 MWh, or 3.76% of the network thermal losses, whereas configurations prioritizing
computational efficiency achieved a 91% reduction in simulation time, at the cost of a 45.24 MWh
deviation, or 26.37% relative to thermal losses.

Finally, we validated our approach using Dubon RODRIGUE’s tools, on two real-world DHNs. This showed the
practical relevance of the approach, and the importance of validating DHN simulation tools in actual operational
conditions rather than on the usual synthetic benchmarks. This work led to the following publication:

@ [C,,] Dubon RODRIGUE, Roberto BOGHETTI, Jérome Henri KAmPpF,
Bastien PASDELOUP, Mohamed Tahar MaBROUK, Patrick MEYER, Bruno
LACARRIERE (2025). “Validation of Two Distinct Simulation Models of
District Heating Networks: Application to Efficient Looping Analysis”.

Journal of Physics: Conference Series (vol. 3140, nb. 4, art. 042021), IOP Publishing

This work investigated the validation and practical use of two distinct quasi-dynamic simulation models for
DHNs, namely HeatGrid and PyDHN, which difter in how they digitalize the network, in the hydraulic
model used to compute mass flow rates and pressure losses, and in the thermal equations governing water
temperature. The study addressed a key limitation of many DHN simulation approaches, namely the lack
of validation against measurements from real-world networks. Both models were evaluated using on-site
measurements from a real meshed DHN and, despite their methodological differences, produced closely
consistent results, with mean absolute differences of only 0.0268 kg /s for the mass flow rate and 0.75 °C
for the return temperature at the heating station. The validated models were subsequently used to assess
the potential of adding new looping pipes to the network, with the objective of reducing pumping energy
and improving hydraulic performance. The simulations showed that although additional loops reduced
pumping requirements, they simultaneously increased heat transport losses. Consequently, the resulting
energy savings were insufficient to compensate for the additional thermal losses, making all investigated
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looping scenarios economically unattractive — a conclusion the article underlines as counter-intuitive,
and which illustrates the value of pre-validated simulation models for the rapid assessment of network
extension scenarios.

The works of Dubon RODRIGUE are often cited in review articles as representative examples of clustering-based
simulation approaches [BOGHETTI ¢z 4l., 2026 [EE]; RINCHI ¢z 4l., 2026 [EE], which are expected to grow in
importance in years to come in physics-informed simulation [THUMMERER, 2026 [EE]].

Leaving physics for the not-so-distant study of time series for industrial cases, I had the opportunity to supervise
the work of Manon RENAULT in a collaboration with Goodfloow, a company that develops systems to integrate
into reusable packages. Such systems integrate several sensors, and monitor events through regular measurements.
In the work we did, we explored the potential of ML tools for classification of an event of interest from sensor
measurements, in the following publication:

- -] (W] Manon ReENauLT, Hamoud YounEes, Hugo TEssiEr, Ronan L Roy,
Bastien PASDELOUP, Mathieu LEONARDON (2025). “Event Classification of Ac-

celerometer Data for Industrial Package Monitoring with Embedded Deep
Learning”. COMPSAC (pp. 1671-1676), IEEE

This work investigated the use of embedded deep learning for monitoring the state and location of reusable
industrial packages from accelerometer data. The objective was to develop a low-power sensing system
capable of operating for several years while distinguishing different package situations, such as being
transported by a forklift or a truck. Since maximizing the lifespan of the device amounts to minimizing its
wake time, the classifier must combine very high precision, so that no unnecessary operation is triggered
by a false alarm, with high recall, so that no event requires a second inference. The study addressed the
challenges associated with classifying imbalanced, multiclass time-series data collected from an embedded
IoT sensor, while also considering the severe computational and memory constraints of the target device. A
1D CNN was developed to classify the accelerometer signals, and two synthetic oversampling techniques,
SMOTE and ADASYN, were investigated to compensate for the imbalance between classes; predictions
whose confidence fell below a threshold were routed to an additional class rather than assigned to an
event, so that uncertain windows could be rejected instead of misclassified. The resulting model was
subsequently compressed to reduce its memory footprint and make embedded deployment possible.
On the considered classification problem, the approach achieved precisions of about 95% for each class,
while model compression reduced the model size by a factor of four. The compressed model was finally
deployed directly on the microcontroller-based IoT device, where inference required 316 mW of power.

Finally, totally leaving industry for a more academic project, I joined Axel MARMORET for a project on audio.
We were interested in studying the functioning of ASR models [BAEVSKI ¢f al., 2020 [E8; RADFORD ez al., 2023
(&3], and took the opportunity to evaluate how such models would behave on out-of-distribution data. To do so,
we assembled a corpus of subgenres of Heavy Metal — from the softest to the most extreme ones — with the goal
of assessing the ability of the main models to transcribe the lyrics. This work led to the following publication:


https://www.sciencedirect.com/science/article/pii/S2666546826000479
https://www.sciencedirect.com/science/article/pii/S0378778826009382
https://opus.bibliothek.uni-augsburg.de/opus4/frontdoor/index/index/docId/130046
https://proceedings.neurips.cc/paper_files/paper/2020/hash/92d1e1eb1cd6f9fba3227870bb6d7f07-Abstract.html
https://proceedings.mlr.press/v202/radford23a.html
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@ [C,,] Bastien PAsDELOUP, Axel MARMORET (2025). “Raining Words : Les Modéles

d’ASR Peuvent-Ils Retranscrire les Sous-Genres de Metal ?”. Collogue du
GRETSI (pp. 357-360)

This work investigated the ability of recent ASR models to transcribe extreme vocal styles found in
Metal music, with a particular focus on their robustness in an out-of-distribution setting. The study
evaluated five state-of-the-art ASR models on three complementary corpora: isolated recordings of
extreme vocals, a purpose-built collection of complete Metal songs covering 14 subgenres, and the vocal
tracks extracted from those songs by source separation, the latter being intended to distinguish difficulties
caused by the vocal characteristics from those introduced by the musical accompaniment. Transcription
quality was assessed with both syntactic and semantic metrics, and the study was restricted to English
lyrics. No model transcribed the whole range of styles reliably, and three conclusions emerged. First,
among the models considered, the two most recent Whisper versions stood out, if only slightly, and
did so whatever the subgenre. Second, performance varied enormously with the vocal style, and did so
consistently with human perception: four groups appeared, ordered by extremeness, gathering clear
vocals (Heavy, Symphonic, Punk, Doom), moderately saturated ones (Thrash, Melodic Death), saturated
ones (Black, Death, Deathcore), and extreme ones (War, Brutal Death, DSBM, Grindcore, Goregrind).
Third, and more surprisingly, isolating the vocals through source separation did not significantly improve
transcription, which the article relates to Whisper having been trained on audio recorded under widely
varying noise conditions, and therefore being comparatively robust to acoustic perturbations.

Unexpectedly, this work was of interest to some people on social media, as it addressed similar problems to
research on audio models for understanding deaf people, whose speech is also considered out-of-distribution.
We plan to extend this work at some point, using LoR A [HU ez 4l., 2022 [E] to fine-tune the ASR models on
our dataset to improve their performance.

I also took the opportunity to participate in the reproducible science initiative organized by the GRETSI confer-
ence, which improved my code publication habits. For this work, we received the silver badge for reproducibility.

We extended our collaboration with Axel MARMORET through the supervision of a student project, aiming at
understanding what makes a good musical mashup, and at creating a system for automatically doing so from
two source songs. The project, conducted by Marine DELABAERE et ., was presented as follows:

& [C,,] Marine DELABAERE, Léa MIQUEU, Michael MoreNO, Gautier Bigors, Gau-
tier DuoNG, Ella FERNANDEZ, Flavie MANENT, Maria SALGADO-HERRERA,

Automatic Music Mashups Creation”. Collogue du GRETSI (pp. 701-704)

This work introduced AutoMashup, an open-source system for automatically creating music mashups
by combining vocal and instrumental stems from different songs. The proposed pipeline combined
source separation, musical analysis, and compatibility estimation to automate the main stages of mashup
creation: a source separation model splits each song into its constituent stems, while musical information
such as beat positions, tonality, and song structure is extracted to align and combine them harmonically
and rhythmically. A central contribution was the use of COCOLA, a representation model specifically
designed to assess the coherence of musical accompaniments, to estimate the compatibility between
candidate song pairs. Because COCOLA requires a pairwise comparison of the audio itself, and therefore
scales quadratically with the size of a song library, the work also investigated whether general-purpose
pretrained audio representations, namely CLAP and MERT, could perform this compatibility estimation
in a zero-shot setting, which would reduce the search to a linear scan of precomputed embeddings.



https://openreview.net/forum?id=nZeVKeeFYf9
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The experiments showed that mashup compatibility was asymmetric: the suitability of combining
two songs depended on which song provided the vocals and which provided the accompaniment, so
that compatibility cannot be derived from symmetric musical features such as tonality or tempo alone.
COCOLA was taken as the reference for compatibility — an assumption supported only by the authors’
own listening, and whose formal validation is left as future work — and the distances between CLAP or
MERT embeddings showed essentially no correlation with it. These results highlighted a limitation of
general-purpose audio representations for music recombination tasks, despite their strong performance
on broader audio-understanding problems, on a corpus deliberately kept narrow: 21 popular-music
tracks in major keys close to C and of comparable duration.
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This chapter outlines my plans for the coming years, both in terms of research projects and future
It is organized in two main parts, starting with short-term projects (Section IIL1), followed by the lor

directions they converge toward (Section III.2).
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IILx Short-Term Perspectives

In this section, I describe the near future of ongoing projects, as well as the ones that are already on the table for
the coming years. As in Chapter II, I have organized them in two main categories: projects on fundamental AT
(Section IIL.1.1), and projects on applications of AI (Section IIL.1.2).

Once again, this organization reflects my approach to research. The former aim to keep up with recent advances
in AI, while the latter aim to bring these advances to real-world problems, in collaboration with specialized
researchers and practitioners from the application domains concerned.

IILr1 Projects on Fundamental Al

Regarding fundamental aspects of my research, the next steps will be both direct continuations of existing
projects on diversity and model development, and the exploration of new research directions related to agentic
Al and quantification of trust between agents.

The ENDIVE project — which I already briefly introduced in Section II.2.2, and fully described in [ENDIVE <]
— aims to explore the benefits of diversity in Al for FSL, through the prism of sampling approaches with specific
diversity-encouraging properties, such as DPPs [KULESZA ez al., 2011 [E8; KULESZA ¢t al., 2012 [EE]]. DPPs make
it possible to account both for the relevance of the points sampled and for their similarity, yielding a diverse form
of importance sampling that covers the distribution better and estimates its mean with lower variance. Figure 9
illustrates this sampling approach, compared with uniform sampling, on a random point cloud.

The project was initially designed for FSL, but the evolution of research in Al led me to reorient it. The rapid
development of LLMs has progressively caused FSL to shift from an isolated paradigm to a subproblem of
foundation model adaptation. While this does not change the main objectives of the project, integrating LLMs
more prominently into it followed naturally.

The revised project explores the benefits of diversity along two main axes:

Diversity in the Data

Models are currently trained on massive amounts of data, with scaling laws showing that more data generally leads
to better models [KAPLAN ¢t 4l., 2020 [E&l; HOFFMANN et 4l., 2022 [EZ]]. However, data curation is increasingly
recognized as a crucial component of the scaling process, as the benefits of additional data depend not only on
its quantity, but also on its quality, relevance, and diversity [L1 ¢z a/., 2023 [E8; UDANDARAO ¢f al., 2025 [EF]. In
particular, naively selecting data according to individual quality or importance can result in highly redundant
subsets, limiting the effective diversity of the training signal [ZHANG ¢z al., 2025 [EE]]. Recentapproaches therefore
explicitly combine data quality with diversity, showing that carefully curated subsets can achieve competitive
or even superior performance while using substantially less data [Wu ¢z al., 2024 [E8; ZHANG ¢t al., 2025 [EE;
YANG et al., 2025 [E], with recent applications to fields such as oncology [BoscH et al., 2026 [EE]].

In this context, the ENDIVE project aims to explore the following research questions:

* How can diversity-aware data curation make training of diffusion LLMs more data-efficient? — It is
not obvious that previously mentioned approaches extend to discrete diffusion LLMs: a curation criterion
designed for next-token prediction scores an example by what it teaches about the continuation of a prefix,
whereas the masked-denoising objective supervises every position of a sequence at once and across corruption
levels, so the quantity that makes a training example informative is not the same one. Additionally, none of


https://bastienpasdeloup.github.io/r/?ed
https://www.alexkulesza.com/pubs/kdpps_icml11.pdf
https://www.nowpublishers.com/article/Details/MAL-044
https://arxiv.org/pdf/2001.08361/1000
https://arxiv.org/abs/2203.15556
https://www.nature.com/articles/s41467-023-42992-y
https://openaccess.thecvf.com/content/CVPR2025/papers/Udandarao_Active_Data_Curation_Effectively_Distills_Large-Scale_Multimodal_Models_CVPR_2025_paper.pdf
https://proceedings.iclr.cc/paper_files/paper/2025/hash/b588d9b67932b459ea66ff6e2804c6b3-Abstract-Conference.html
https://arxiv.org/abs/2410.12458
https://proceedings.iclr.cc/paper_files/paper/2025/hash/b588d9b67932b459ea66ff6e2804c6b3-Abstract-Conference.html
https://aclanthology.org/2025.acl-long.908/
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Figure 9 Illustration of the differences between DPP sampling (a) and uniform z.zd. sampling (b). DPP-
sampled points exhibit interesting properties in terms of diversity (c) and estimation of the mean
of the distribution (d). Here, a Gaussian kernel as in [TREMBLAY ez 4., 2023 [EZ]] is used to model
similarities between points as a decreasing function of the Euclidean distance. In practical cases, this

should depend on the desired diversity criteria. Figure taken from [ENDIVE .
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these works make use of DPPs, which are natural candidates for such applications. Comparing and combining
these two lines of work is one of the next goals of the project.

* How does data diversity shape the behavior of diffusion LLMs? — Recent work on continuous diffusion
language models such as ELF [Hu ez al., 2026 [EF]] highlights that language generation can be understood as a
trajectory through a continuous representation space, progressively transforming noisy representations into
linguistically meaningful ones. Data diversity in training sets may be a key element for altering these decoding
trajectories. In addition, mechanistic interpretability offers approaches to reveal the internal mechanisms of
these models, and investigating the link between the diversity of the training data and the diversity of the
mechanisms it gives rise to is a new and exciting research direction. Making this second notion measurable is
part of the question: the overlap between the features recovered by SAEs trained on models with different data
diets, and the consistency of those features across training runs [SONG ¢z al., 2025 [EZ]], are the two proxies I
would start from.

Diversity in the Representations

The emergence of foundation models has substantially changed the role of learned representations in ML.
Rather than learning task-specific representations from scratch, downstream tasks can exploit representations
acquired from large and diverse pretraining corpora through frozen embeddings, prompting, retrieval, or
lightweight adaptation. In language, the contextual nature of transformer representations further means that the
representation of an input depends on its surrounding context and on the computation performed by the model.
At the same time, recent work suggests that diversity is an important property of both the representations and
the data used to construct them: diverse prompts can elicit complementary reasoning paths, while diverse models
can provide complementary strengths in ensemble settings [HU ez 4/., 2025 [E]. Recent advances in mechanistic
interpretability also seek to decompose these representations into meaningful features and computational
circuits [ELHAGE ez al., 2021 [E8]; BRICKEN ez al., 2023 [EE]], opening the possibility of studying not only whether
representations are useful, but also how their diversity relates to the diversity of the computations they support.

These developments raise the following research questions:

* Which features are relevant, and how can diversity improve representations? — In the transfer-based
FSL formulation of the project, I considered pretrained representations as high-dimensional feature spaces
and formulated this question as the study of whether restricting these representations to relevant dimensions
could provide a more concise and discriminative description of the data. Foundation models offer a richer
perspective on this problem: their representations encode a large variety of concepts and features acquired
from heterogeneous pretraining corpora, many of which may be irrelevant to a particular downstream task.
Mechanistic interpretability approaches decompose representations into meaningful features and functional
components — most often through SAEs [BRICKEN ez al., 2023 [B8; HUBEN ez al., 2024 [EE]; Gao et al., 2025
[EE]] — while also highlighting the importance of understanding how reliably such features are represented
across models and training runs [SONG ez al., 2025 [E]. Diversity may provide a useful criterion for this
decomposition: retaining highly correlated features may provide little additional information, whereas diverse
task-relevant features could offer a more compact coverage of the information encoded by the model.

* How can diversity of context be exploited for downstream tasks? — Transformer representations are
inherently contextual: the representation associated with an input depends on the surrounding sequence and
on the transformations performed by the model. This is particularly important for LLMs, where prompting
and retrieval (e.g., with RAG [LEWTS ¢7 al., 2020 [E]) can modify the context in which an input is processed
without modifying model parameters. In the few-shot setting, this provides a mechanism for generating
multiple representations of the same example by varying demonstrations, retrieved documents, or instructions.
Rather than seeking a single optimal context, diversity can therefore be used to explore complementary
interpretations or computational trajectories induced by the model. Recent work illustrates this principle
at inference time: diverse prompts can produce complementary reasoning paths and improve ensemble
performance [HuU ¢z al., 2025 [EE]. The diversity of contextual representations can similarly be exploited for
downstream tasks, where selecting complementary rather than merely similar contexts can improve prediction,


https://arxiv.org/abs/2605.10938
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robustness, and adaptation. This could lead to demonstration and retrieval strategies that optimize both
relevance to the input and diversity of the information and representations elicited by the selected contexts.

* How can diversity guide the selection and combination of foundation models? — The rapid prolifera-
tion of foundation models creates a new model-selection problem: given a collection of pretrained models,
which model - or combination of models — provides the most appropriate representation for a target task?
Models may differ in their pretraining data, architectures, training objectives, scales, modalities, and learned rep-
resentations. Diversity is particularly relevant here because models with similar predictions or representations
are unlikely to provide much additional information when combined, whereas complementary models may
compensate for each other’s weaknesses. Recent LLM ensemble studies explicitly exploit this principle, using
diversity in model behavior or response fingerprints to construct more robust ensembles [COHEN et 4/., 2026
[E=]). T therefore aim to investigate whether diversity between foundation models and their representations can
serve as a principled criterion for model selection and combination, identifying complementary models rather
than simply selecting the individually strongest ones.

These questions are ambitious, and some will very likely be studied after the end of the project. In the current
state of this project, both Jonathan Lys and Joshua Chaz R1vERA are working on diffusion LLM-related aspects,
and Nolan SISOUPHANTHONG-VONGKOTRATTANA will probably contribute to elements related to mechanistic
interpretability. I also plan to hire a postdoctoral researcher at the beginning of 2027 for 18 months, as well as a
Master 2 student for 6 months. They will work primarily on questions related to mechanistic interpretability,
both because I feel this is currently the most promising axis of research, and because it will encourage teamwork
between Nolan SISOUPHANTHONG-VONGKOTRATTANA and the new recruits.

The next short-term project on fundamental AIT want to describe concerns agentic systems, 7.e., Al systems able to
plan sequences of actions, call external tools, and make decisions with limited human supervision [Ya0 ez al., 2023
EE]. This project, entitled “Supervision of Trust in Agentic AI Systems Applied to the Medical Domain”, is
conducted in collaboration with Jean-Charles VIALATTE, head of the startup Cerevial, which develops the Alive
Engine agent platform described below. It is a maturation project, funded for 6 months and staffed by Rayan
DaxkHIA, whose purpose is to establish feasibility ahead of the CIFRE thesis discussed at the end of this section.

The motivation for this project comes from the speed at which agentic Al is being adopted in healthcare,
compared with the maturity of the tools available to supervise it. An industry survey of healthcare executives
reports that many healthcare organizations already develop or deploy agentic Al initiatives, and that most of them
plan to increase their investments in the coming years [MicrosorT AT@Y)]. At the same time, analyses insist
that in the agentic era, organizations can no longer restrict themselves to controlling what models say, but also
have to guard against what they do (e.¢., unintended actions, inappropriate tool use, or violations of established
guardrails [AGENTIC Al TRUST &)). This is particularly critical in the medical domain, where many clinicians
have already been confronted with medical hallucinations produced by foundation models, and consider that
such errors can directly harm patients [Kim ez 4., 2025 [EE]]. Interestingly, clinical audits reported in the same
work suggest that most residual hallucinations do not come from missing factual knowledge, but from failures
in causal or temporal reasoning, which makes them particularly hard to detect from the output alone.

The project builds on Alive Engine [AL1vE ENGINE @], which orchestrates persistent agents: it manages their
background tasks, their sleep and wake cycles, and the persistence of their internal state. One of its design choices
is especially interesting from a research point of view: the personality of an agent is encoded as a structured
context block, mixing static parts with dynamic parts injected during interactions, and revised during regular
introspection phases, where the agent consolidates its memory and adapts its own representations. Extending
this idea, one could adapt the system so that each agent maintains memory blocks profiling the other actors it
interacts with, be they humans or other agents, which opens the possibility of encoding an explicit notion of
inter-agent trust that evolves with the history of exchanges.
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Existing work only partially addresses the supervision of such systems, and the HuggingFace incident has recently
shown how critical that can be [HuGGINGFACE INCIDENT @)]. Chain-of-thought prompting [WEI ¢z /., 2022
[==] is known to reduce hallucinations in most settings, but has also been shown to paradoxically increase
major hallucinations and omissions in some clinical tasks, in particular when generating medical notes from
transcriptions [ASGARI ez al., 2025 [EE]]. Self-improving agents, able to read and modify their own source code,
additionally exhibit a risk of behavioral drift, where small successive modifications accumulate until the system
silently departs from its initial objective [REN ez a/., 2026 [EE]]. Available tooling mostly focuses on detecting
anomalies in outputs, and provides no integrated mechanism to supervise the introspection cycles themselves,
z.e., to verify that self-evaluation and self-improvement phases do not degrade previously acquired capabili-
ties [REBEDEA et al., 2023 EZ].

The project therefore aims to develop a methodological and experimental framework for the supervision of trust
in medical agentic systems, organized around three complementary contributions:

* A regression detection protocol — This will be based on test suites executed periodically, to verify that
introspection and self-improvement cycles do not degrade performance on tasks that were previously mastered.

* A reasoning audit trail mechanism — This will attach to each conclusion produced by an agent a machine-
checkable provenance record — sources consulted, tool calls issued, intermediate claims and decision points
— using knowledge graphs as a provenance support. Such a record establishes what the agent really did; the
faithfulness of self-reported reasoning is a distinct and largely open problem.

* A monitoring system for behavioral drift — This will aim to detect the evolution — intended or not — of
biases, tone, inter-agent trust and decision orientations of the modeled personalities of agents.

These contributions will be validated on a concrete use case, namely a medical agent deployed on Alive Engine and
evaluated on its ability to assist a practitioner in the analysis of intensive care records (differential diagnosis support,
detection of drug interactions, literature synthesis), in the spirit of multi-agent medical reasoning systems such
as [TANG ez al., 2024 [EE]]. Numerous medical benchmarks and datasets are available - MedQA [JIN ez /., 2021
[EE]], PubMedQA [Jin ez al., 2019 [EE]], MedMCQA [PAL ¢t al., 2022 [E]], BIOASQ [TSATSARONIS ¢f 4l., 2015
(], MedS datasets [WU ez /., 2025 EZ], or MIMIC-IV for intensive care records [JOHNSON et /., 2023 [E]]
— to support our experiments. These supply the fixed task suites of the first contribution, replayed after each
introspection cycle so that a drop on a previously mastered task can be detected. They cannot, however, measure
provenance or drift: being static and single-turn, they carry neither the time axis nor the execution trace that the
two other contributions target. Part of the work will therefore consist in instrumenting the deployed agent itself
— logging its introspection cycles, its tool calls and its inter-agent exchanges — so as to obtain the longitudinal
measurements these contributions require.

Beyond its own objectives, this project is at the intersection of several directions I want to develop in the
coming years. It naturally extends the reflections on agentic Al in healthcare I described in Section II.3, and
the supervision mechanisms it targets are, in my opinion, a prerequisite to the deployment of the collaborative
networks of hospital-specific agents I envision in Section III.2. It also provides a first opportunity to study trust
as a quantity that circulates between agents, rather than as a property of a single model. In the shorter term, this
maturation project is intended to lead to a CIFRE PhD thesis with Cerevial, widening the scope to other critical
domains and to formal certification approaches for autonomous agents. If the proof of concept is successful,
it could hopefully lead to a tripartite collaboration with the CHU of Brest, which would provide evaluation
scenarios in real clinical settings [S,,].
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Finally, following the reception of the REVE model [C,,;] described in Section II.2.4, we have started to work on
extensions of the model. This work is currently carried out by a team of current or ex-PhD students from the
BRAIN team - Jonathan Lys, Nolan SISOUPHANTHONG-VONGKOTRATTANA, Yassine EL OuaAHIDI, Lucas
BeNoiT and Venkatesh SUBRAMANI — under the close guidance of Giulia L1o1 and other permanent members
of the team.

We are currently exploring how MEG can be integrated into the model, and are also working on architectural
adaptations of the previous versions (alternative positional encoding strategies, new loss functions, etc.). Ad-
ditionally, new datasets are being gathered, and new downstream tasks are being explored. Data curation may
become a line of research as well, which could feed into the work presented in Section IIL1.11.

While this was already a dynamic we had wanted to establish in the team, REVE has shown PhD students that
collaborating — rather than working individually on their own subject — is the key to reaching top-tier conferences
in Al. The current collaboration on REVE 2 is the largest collective effort I have seen in any team I have been part
of since I started my career as a researcher, which I believe is one of the most beneficial consequences of REVE.

MLz Applications of Al
Continuing the collaborations introduced in Section II.3 and Section II.4, I am currently involved in several
applied projects, either already under way or about to start, described below.

As a complement to the STR ATIF-AI project, Serge Ttms1T (CHU of Brest) proposed the STRATUM project
— currently under phase 2 review of ANR PRCE — which aims to identify blood-based markers of stroke
measurable in the very first hours after the onset of symptoms, and to turn them into models able to support
triage and prognosis at the bedside.

The clinical gap it addresses is easy to state. Distinguishing an ischemic stroke from an ICH, or from a stroke
mimic — a seizure, a complicated migraine, a conversion disorder — currently relies entirely on neuroimag-
ing [KARLINSKI e7 al., 2015 [EE]]. No blood test is used in routine care for diagnosis, subtype discrimination or
prognostic stratification — candidate proteins have been reviewed for years, but their incremental value over
clinical models remains modest [MONTELLANO ¢t al., 2021 [EE]] — and since recanalization therapies are extremely
time-sensitive, every hour spent on an uncertain diagnosis is an hour lost for treatment, with a strong impact on
brain health [SAVER, 2006 [EE]]. Beyond the acute phase, prediction of the functional outcome at three months
still rests almost exclusively on demographic and clinical variables [NTA10S ez 4l., 2012 [EF]].

The project’s bet is that whole-blood transcriptomics carries part of this information early enough to be useful.
A signature of 9 genes, common to ischemic brain tissue and to peripheral blood, was first identified in a primate
model of focal ischemia [RaMsAY ¢z al., 2019 [EE], then measured in the IBIS-CT1 study [IBIS-CT @] on 20
ischemic strokes, 20 ICH and 20 controls, with repeated blood samples collected from less than six hours after
onset up to seven days. Combined, these genes discriminate stroke from controls with an AUC-ROC of 0.914,
and a model trained on the corresponding RNA sequencing data reaches an Fi-score of 0.94 for the prediction
of the functional outcome at three months. These encouraging results — though coming from a small sample
size of 60 subjects — suggest strong promise for the project. They also leave the harder question open: IBIS-CT1
included no stroke mimic, so the reported discrimination is against healthy controls rather than against the
differential diagnosis that actually confronts a clinician at admission. Establishing that the signature separates
strokes from mimics is precisely what the first work package below is for.

The project would run for 48 months, structured in three work packages:
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* A prospective multicenter trial — The new IBIS-CT2 study will include 720 patients admitted with
a suspected stroke within six hours of onset, and will reduce the signature to the 3 to 5 genes that best
separate strokes from mimics — a constraint dictated by the point-of-care assays that would carry the test to the
bedside [MOEHLING et al., 2021 [EE].

* A longitudinal multi-omic analysis — This analysis will exploit the longitudinal nature of IBIS-CT1 by
adding repeated proteomic measurements to the transcriptomic ones, and will integrate them to look for early
biological trajectories associated with long-term outcome.

* Translational AI — Harmonizing four heterogeneous cohorts, with clinical, biological, radiomic and tran-
scriptomic data, quantifying how much each modality actually adds over the clinical baseline, and finally
turning the retained models into a decision-support prototype.

This last work package is where I would contribute, and it studies exactly the kind of question I believe is
important in healthcare: whether multimodality pays off on cohorts where some modalities are missing for
many patients. It would also be my first practical contact with omics data — here transcriptomics and proteomics
— a family of modalities I have identified as the next one to add to my applied work, in continuity with the
collaborations of Section I1.3.1.

Along similar lines, I will participate in the SIGMAS project, led by Quentin LE GRAND (CHU of Brest), whose
purpose is to quantify imaging markers of cSVD directly on clinical acquisitions, and then to relate them to
the clinical course of stroke patients and to their genomic determinants. cSVD affects the small penetrating
vessels of the brain and accounts for up to one third of all strokes, counting both small-vessel ischemic strokes
and ICH cases [LaM ez al., 2026 [EE]. Its prevalence increases with age, and it is a leading cause of stroke, of
vascular cognitive impairment and of dementia. It is not observed directly, but rather through markers visible on
MRI [WARDLAW et al., 2013 [EZ]].

The project — currently in its development phase — is organized around three aims:

* Segmentation — Adaptation of existing tools [TSUCHIDA ez al., 2024 [E&l; Ma ez al., 2024 [EF] to clinical
images, and validation of the resulting segmentations against manual annotations.

* Marker importance — Association of the resulting markers with recurrence, mortality and functional
outcome, and quantification of how much they add to existing predictive models.

* Genomic determinants — Association of the markers with genomic data in large clinical samples, comparing
them with what is observed in the general population. This is the aim where the project meets the longer-term
direction of Section III.2.3, even though my own contribution to it would be limited.

In this project, I will bring my expertise in Al to assist the clinicians involved. My contribution will most likely
concern the first two aims, and may leverage elements from my past experience in image segmentation [C,s;
D;]. Still, the third aim will give me the opportunity to familiarize with genomic data, and may pave the way for
future works in Section I11.2.3.

Moving from neurology to cardiology, we are discussing the development of a new project with Amine EL
OuaHIDI (CHU of Brest), Romain Dip1er (CHU of Brest) and Bouabid EL OuanIDI (Mohammed V Uni-
versity of Rabat, Morocco). This project aims to explore the links between myocardial infarction and weather
conditions, and to exploit these links for practical purposes. Indeed, several epidemiological studies report that
variations of atmospheric pressure and temperature are associated with the occurrence of myocardial infarction
and coronary deaths [DANET ez a/., 1999 [EZ]; DIDIER ez al., 2020 [EE].
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The objective of this project is to predict the daily number of myocardial infarction admissions at the hospital’s
cardiology department well enough to be useful in practice: knowing, a few days in advance and from the weather
forecast alone, how many doctors should be on duty at the CHU of Brest to account for the weather-induced
risks. The data for this project will come from the ORBI registry [ORBI @); AUFFRET et 4/, 2018 ], which
records STEMI cases across Brittany from 2009 to 2016. Two properties of this source will have to be handled
explicitly: it is region-wide, whereas the quantity of interest is the admission load of a single center; and it stops
in 2016, so any model fitted on it will have to be confronted with recent admission counts.

This project may lead to a joint PhD thesis between the CHU of Brest, IMT Atlantique and the Mohammed V
University of Rabat. The objectives above would then most likely form the first year of that PhD.

Finally, the last short-term project I am involved in is the soon-to-start PhD of Quentin BANET, which I will
co-supervise with Axel MARMORET. This PhD takes place in the context of a CIFRE agreement with Orange
Labs, and will revolve around neural audio codecs, for mono and stereo signals.

Audio coding is an old field, born from source coding, whose successive codecs (e.g., MP3, AAC) have long
structured the way music is stored and transmitted. Like most fields, it was recently transformed by the rise of deep
learning: neural networks reach compression rates that classical codecs cannot approach, and a new generation
of methods has emerged from this observation [Kim ¢z 4/., 2025 [E]. Autoencoder architectures trained with
a GAN objective give the best results so far, with codecs such as SoundStream [ZEGHIDOUR ez al., 2021 [EF]],
EnCodec [DEFOSSEZ et al., 2022 [EE]] or DAC [KUMAR ¢7 4l., 2023 [E], all of which compress an audio signal
into a sequence of discrete tokens and reconstruct it from them, at a perceptual quality that classical codecs only
attain at much higher rates [MULLER ez al., 2024 [EE]].

Two limitations of this generation motivate the thesis. Current neural codecs are essentially mono, whereas the
signals to be transmitted are not. And they are considerably more complex than the codecs they aim to replace,
both in computation and in storage: models in the range of 10M to 80M parameters are the norm, which is a
real obstacle to deployment on the devices that would actually run them.

The objective of the thesis is therefore to design neural coding methods that address these points. To reach this
goal, we will work on three challenges:

* One representation for mono and stereo — Obtaining a neural representation that covers both cases, rather
than treating stereo as two mono streams or as a hack of a mono architecture.

* Reduced complexity — Bringing the size of the representation models down to something compatible with
real deployment constraints, without giving up the perceptual quality that motivated the neural approach in

the first place.

* An interpretable latent space — Obtaining a latent space that separates along interpretable directions, be
they frequency-wise or content-wise, rather than an opaque sequence of tokens.

Recent architectures will be studied along the way, in particular transformers [VASWANTI ¢z 4., 2017 [EF]] - which
have been shown to scale well in this setting, at very low bitrates [PARKER ez al., 2025 [E8l; XU et al., 2024 [EE] -
and diffusion models; new designs will be explored as well.

This project is, for me, an opportunity of a different nature from the others described in this chapter. The con-
straints are those of a company that has to ship a codec, so the trade-off between quality, size and interpretability
is not negotiable in the way it is in an academic setting. The interpretability challenge echoes the questions on
representations of Section IIL.1.r.1, on a modality I have so far approached only through a student project and a
study of ASR models (see Section II.4.2).

Itis also an opportunity to strengthen collaborations with other members of the BRAIN team: Axel MARMORET
— whose interests lie in audio processing using Al — and to some extent Mathieu LEONARDON, who specializes
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in model compression and may help with the second challenge. On a personal note, music is a very big part of
my life, so working on it directly — on topics that do not contribute to the degradation of the status of artists due
to generative Al — is a pleasure.

To conclude with less formal audio-related projects, Axel MARMORET and I will continue proposing student
projects and will pursue our exploration of ASR models for out-of-distribution data [C,,]. These student
projects, while being smaller in scope than the projects described previously, are important to me. They allow
me to stay in close contact with the students to give them a glimpse of what research looks like, while also being a
good pretext to work on various modalities and models.

III.2 Future Research Directions

Most of the projects in Section IIL1 are already bounded, or close to being so. I would like to close this chapter
with longer-term directions I believe are important for the coming years. Still, given how fast Al evolves, it
is possible that some of them will already be obsolete by the time I defend this HDR. The reorientation of
ENDIVE described in Section IIL1.1.1is a good reminder that a research program written today has to survive
that pace.

These directions nevertheless all converge toward the same objective, which I see as the natural continuation
of the two halves of my research: a collaboration of models for multimodal healthcare — with text as a pivot
modality — that a hospital can actually train or adapt, deploy, and trust.

My initial thought regarding this objective was to envision extremely large models with easy integration of
various modalities — and robust to missing ones [L1U ez a/., 2023 [E8]; JIANG ¢z al., 2025 [EZ]] - to provide a useful
representation of a person’s health, along the lines of the recent Gemma-4-12B LLM [EL ABD ez al., 2026 [EF]],
which has demonstrated the possibility of designing encoder-free mechanisms for raw integration of modalities
such as audio and images. However, training such models is realistically out of reach for an academic team, and
it runs counter to the idea of democratizing Al in healthcare.

I therefore think that a pragmatic way forward is to move toward collaborative, specialized agents, which are
deployed at the hospital scale, and would share their individual expertise to jointly build a global representation
of a patient’s health, which could be queried in natural language.

Overall, my project for the coming years will therefore revolve around the axes described in the following sections.

IIL.2.x  Text as the Pivot of Multimodality

Medical data is heterogeneous by nature — images, tabular records, physiological signals, free-text reports
— and the collaborations of Section I1.3 have confronted me with almost all of these modalities, each time
with an ad-hoc model. I now want to exploit the ability of text to describe, and sometimes replace, other
modalities [PAZ-ARGAMAN ¢t al., 2020 [E8; SUSHIL ez al., 2024 [EE]], together with the emergent capabilities of
LLMs [WEI ¢z al., 2022 [EF], so that text becomes the pivot around which the other modalities are aligned rather
than one modality among others. Two properties matter more to me here than raw performance: the model
must degrade gracefully when modalities are missing, which is the rule rather than the exception in clinical
routine [L1U ez al., 2023 [E5]] and for which solutions exist outside the medical domain [L1AQAT ez 4/., 2025 [E=];
and its architecture must accept a variable set of inputs, in the spirit of [JAEGLE ez al., 2021 [E].

If the objective is a collaboration of specialized models rather than a single large one, the interface between them
matters as much as their individual quality. Text is not the only interface that is at once machine-consumable
and human-auditable — structured clinical terminologies such as SNOMED CT or FHIR resources are both —
but it is the only one expressive enough to carry a hedged, qualified or partial finding, which is most often what a
specialized model has to communicate: an orchestrator can query it, and a practitioner can read it and disagree
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with it. This is the choice made by recent orchestrated medical agents [KLANG ez al., 2026 [BEl; ZHOU et al., 2026
(&3], and it is, in my opinion, what separates a black-box multimodal encoder from a system whose intermediate
steps a clinician can inspect.

Two experiments would tell me whether the idea survives contact with data. The first one is a controlled
comparison on a problem I already know: in Section IL.3.1 tabular and imaging data was fused for the prognosis
of ICH using ad-hoc encoders and a tabular foundation model [HOLLMANN ¢z al., 2022 [EE; S, ]; replacing
the tabular branch with a textual description produced by a specialized model, and measuring what is lost,
gives a direct estimate of the cost of the text bottleneck. The second one would require some development, to
extend REVE [C,,] with text to make it produce a description of an EEG signal rather than an embedding. This
second experiment is not in the plans yet, and the obstacle is the absence of an evaluation target rather than a
modeling difficulty: there is no corpus pairing EEG with free-text descriptions at anything like the scale REVE
was pretrained on, so neither training nor scoring a generated description is currently well defined. The clinical
reports attached to diagnostic recordings are the natural material from which to build one — they do describe the
signal, though in the vocabulary of a diagnosis rather than of a waveform — and assembling such a corpus would
be a data effort of its own, in the spirit of the collection work that made REVE possible.

The obvious risk of the ideas introduced in this section is that a fluent description is also an unfaithful one, and
that errors introduced by one expert propagate to every model that reads it. This is why this axis cannot be
separated from the supervision one described in Section I1I.2.2.

IIL.2.2 Agentic Al & Trust

The short-term project presented in Section IIL.r.1.2 is a first step toward solutions to an important problem in
applied Al: agents are being deployed in hospitals faster than the tools able to supervise them are being built.
Beyond the regression detection, audit trail and drift monitoring mechanisms of that project, I also want to
study trust as a quantity that circulates between agents and is revised over the history of their exchanges, rather
than as a static property of a single model.

A possible formulation of this problem relies on GSP. A set of agents that exchange, evaluate and rely on
one another can be modeled as a graph, and trust updates could be derived from exchanges with neighboring
nodes, along the lines of message-passing systems defining GCNs [K1pF ¢z a/., 2017 [EE]]. In such an analogy, the
aggregation weights should however not be dictated by the support graph, as they are in a graph convolution:
what an agent grants to a neighbor depends on the history of their exchanges rather than on the mere existence
of a link between them. This is precisely what GATs [VELICKOVIC ez 4l., 2018 [EE]] bring to graph-structured
data, by computing the aggregation coefficients from the representations of the two nodes involved — which
makes the attention coefficients of a GAT a natural candidate to carry trust, and its learning procedure a natural
candidate to revise it over interactions. Moreover, if trust is modeled as a signal on a graph, smoothness could
measure whether trust is locally coherent, and a change in the spectrum could describe a drift of the population
rather than of an individual model. Whether these quantities are informative in practice is an open question,
and would make a great playground for a PhD student.

Trust also has to be grounded in something more precise than the confidence an agent reports about itself. In the
clinical setting of Section III.2.1, the question a practitioner asks is not only what the answer is, but whether it can
be relied upon for this particular patient, which calls for a quantification of the uncertainty attached to it. Confor-
mal prediction is, in my opinion, the neighboring literature that fits this need best [ANGELOPOULOS ¢z al., 2023
[E=]]: given an off-the-shelf predictor and a small calibration set of labeled samples, it returns a set of candidate
answers containing the correct one with a prescribed probability, under the sole assumption that calibration
and test samples are exchangeable. Two properties make it particularly attractive here. First, it is model-agnostic
and requires no retraining, which is exactly the regime of a hospital deploying frozen foundation models it
cannot afford to train. Second, it produces an object an orchestrator can act upon: the size of a prediction set is
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a comparable measure of how informative each specialized agent is on a given case, and abstention becomes a
decision the system takes explicitly rather than a failure someone has to detect afterward.

The difficulty is that the guarantee is marginal, 7.e., it holds on average over the joint draw of the calibration set
and of the test sample, whereas what a practitioner experiences is the coverage conditioned on the one calibration
set that was actually used. This conditional coverage fluctuates around the nominal level according to a Beta
distribution whose concentration is governed by the number of calibration samples [Vovx, 2012 [E], and the
usual rule of thumb of about a thousand of them [ANGELOPOULOS ez 4l., 2023 [EF]] is out of reach when every
label has to be produced by a clinician. This is where this axis meets the ENDIVE project: under a labeling
budget, the calibration set becomes something one chooses rather than receives, and drawing it jointly with a
fixed-size DPP [KULESZA e al., 2011 [E5]] would spend that budget on cases that repel one another. Such a draw
keeps those cases exchangeable among themselves, but not exchangeable with the test sample, so it breaks the very
symmetry the guarantee rests upon — exchangeability being weaker than independence is of no help here. The
question is thus whether validity can be recovered by weighting the calibration scores by the sampling law, as is
done under covariate shift [TIBSHIRANI ¢ 4., 2019 [EZ]], and how many labels that would save. Pseudo-labeling
would enlarge the set for free, but errors would corrupt a calibration score and run into the same obstacle.

Prior discussions with Rémi BARDENET (CNRS, CRIStAL) have convinced me that this direction is worth
investigating. Conformal prediction in the few-shot regime is an active subject [F1scH ez al., 2021 ;
PARK ¢t al., 2023 [EE], but the interaction between diverse sampling and the validity of the resulting predic-
tors seems to me largely unexplored, and would combine several of my topics of interest naturally.

III.2.3 Genomics as the Next Modality

Among the modalities I have not worked with yet, genomic data is the one I am interested in exploring first.
Given the large size of a genome and the number of available datasets, foundation models for this modality
are emerging [FENG ez al., 2025 [EE]], thus producing new complementary representations that could enrich a
patient’s record in a multimodal analysis.

This modality is also appealing for reasons that connect directly to my past and current work. A genome is a
sequence over a four-letter alphabet, formally close to text and directly amenable to the kind of language models
discussed throughout this manuscript [J1 ez a/., 2021 [E8l; NGUYEN ez al., 2023 [EF]]. But the way the field actually
manipulates these sequences is through their factorization into k-mers, and through the assembly and indexing
structures built on them — de Bruijn graphs foremost [COMPEAU ¢z al., 2011 [E8l; MARCHET ez al., 2021 [EE]] - so
that a graph is introduced by the representation itself rather than imposed on the data afterward. A modality that
is at once a sequence and a graph is an unusually good fit for the two halves of my methodological background,
Section IL1 on one side and Section II.2.3 on the other.

The difficulty is of the same nature as the opportunity. A genome carries orders of magnitude more variables
than a clinical cohort has patients, which is the regime where selection, regularization and representation
learning stop being refinements and become the problem itself — the same tension I described for brain signals
in Section II.2.4, one scale further. This is also what makes the modality worth the effort: a compact and task-
relevant representation of a genome would add to a patient’s record information that no other exam provides.

I have had discussions with Anthony Boureux and Jérome REBouUL (IHU of Montpellier), Camille MARCHET
and Antoine LIMAsSET (CNRS, University of Lille), and Daniel GAUTHERET (University of Paris-Saclay).
These researchers — whose primary interest is in genomics — are increasingly interested in LLMs and their
adaptation to DNA sequences. When the time comes to focus more on this modality, they would be great
partners to collaborate with.
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Il.2.4 A Cross-Seryice Agentic Environment
Finally, I would like the opportunity to put the ideas developed above into practice. This could be done in
partnership with the CHU of Brest, but also on open medical datasets for a proof of concept.

Concretely, such an environment would host one (or more) agent per service, each deployed where its data lives.
An orchestrator would query them in natural language, assemble their answers, and assist the patient’s general
practitioner. The representation of a patient’s health would not be a vector produced by a single model, but the
trace of a conversation between specialized ones, which has the pleasant property of being readable: a practitioner
can follow which expert was consulted, what it answered, and where the suggestion comes from.

This is a deliberate alternative to the federated approach used in STRATIF-AI [MCMAHAN ez al., 2017 [EE;
NGUYEN ez al., 2022 [EF]. Federated learning is a working answer to the impossibility of centralizing medical
data, but it is heavy to deploy and it supposes that all partners agree on a common model. In the environment I
describe, what circulates between hospitals is text rather than weights: it can be logged, inspected and audited
after the fact, it does not require any architectural agreement, and each service remains free to update its own
expert. This is an argument about auditability, and not about privacy: free clinical text is in fact harder to
de-identify than a model update, re-identification from narrative content being a well-documented risk, and
this is one of the reasons federated learning exists in the first place. The legal constraints therefore remain in full
— everything here is subject to the GDPR, and a version deployed to assist actual clinical decisions would fall
under the high-risk regime [AI AcT )] - but the object that leaves the hospital is at least one whose content
can be examined, which is not true of a gradient.

A proof of concept does not require a hospital deployment to begin with. Question answering benchmarks
and open medical datasets [JOHNSON ¢z al., 2023 [E]] can support a first version with a few artificial services, on
which the questions that matter can already be studied: does the orchestrator degrade gracefully when an expert
is unavailable (or trust issues prevent it from using its answers), and does its answer improve on a decision that
the clinical baseline already makes [KRONES ez al., 2025 [EE]?

While I have no illusions that this environment will exist in its complete form within the next five years, I do
believe that each of its pieces is a legitimate research subject, and that working on these pieces has a chance of
contributing to what I believe are important societal challenges.
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88 IV — Condlusion

I'am not sure that a chapter entitled “Conclusion” is the best way to end a manuscript whose main goal is to open
the discussion on the future of a research program, but “Opening” seemed even weirder. First of all, thank you
for reading this manuscript, which I enjoyed putting together, and which brought back many memories.

Looking back at Chapter II, the trajectory summarized in this manuscript may look like a succession of unrelated
topics: GSP, FSL, diffusion LLMs, foundation models for brain signals, and a series of clinical collaborations
in neurology, cardiology and oncology. I hope to have convinced the reader that there is in fact a cross-cutting
question that underpins all of them: how to take advantage of the structure or variability of the data, rather
than of its amount. GSP was one answer, built on the geometry of the domain on which signals live. FSL was
another, built on the geometry of representations. Diversity, as explored in ENDIVE, is a third one, built on
what distinguishes the samples one selects. And the applied projects were, each time, great use cases.

This is also what makes me confident that the directions of Chapter III are worth the next few years. They
contribute to a system I find both desirable and reachable: not a single very large multimodal model producing
an opaque vector for a patient, but a collaboration of specialized models, each trained and deployed where its
dara lives, exchanging natural language descriptions that an orchestrator can assemble and a practitioner can
read. Text as a pivot modality (Section III.2.1), trust and uncertainty as quantities circulating between agents
(Section III.2.2), genomics as the next modality to bring in (Section III.2.3), and a cross-service environment to
put all of this to the test (Section III.2.4). Each of these axes has its own open questions, and none is solved.

I am aware that writing a research program in Al'in 2026 is a non-trivial exercise. The reorientation of ENDIVE
described in Section IIL1.1.1is a good reminder of it: a paradigm that was a research field of its own when the
project was submitted had become, three years later, one regime of foundation model adaptation. I expect this
to happen again, probably more than once, and possibly before this manuscript is defended. My answer to this is
not to try to predict where the field goes or to pretend we can compete with big actors of Al — which nobody in
a small public laboratory does anyway — but rather to identify a broad objective, which serves a valuable purpose,
to which I will contribute as much as I can.

I will therefore conclude simply. The two halves of my research — staying close to the core of modern Al, and
bringing what happens there to healthcare — have so far reinforced each other, and I intend to keep them coupled.
If, in a few years, a general practitioner at the CHU of Brest can ask a question in plain language, obtain an answer
assembled from several specialized models, see which one said what, and disagree with it, then the program
described in Chapter III will have done its job. If not, the questions it raises along the way — on diversity, on
calibration under a labeling budget, on trust between models — will have been worth asking anyway.

Thank you for reading.
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APPENDIX A

TEACHING ACTIVITIES

This manuscript being mostly about my research and projects, I have chosen to avoid mentioning my teaching

activities too much in the main chapters. Still, I am very active on this side as well, and I like experimenting with

approaches to engage students in their learning process. Therefore, this appendix exists to give an idea of my

views and achievements on these activities.

I have chosen to focus on some courses that I particularly value, and specific pedagogy topics I find interesting

to discuss. For an exhaustive list of my teaching activities and responsibilities, please refer to Appendix B

(Section B.4). The complete list of internships and student projects I supervised is also given in Section B.2..5

and subsequent sections.

These examples are complemented by a Q&A on specific topics that I find interesting to address. Overall, these
two parts together should draw a good sketch of my teaching philosophy.
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A.1 Focus on a Few Courses

A.rrx Context

When I was looking for a PhD position after completing my Master’s degree in 2014, one of the main arguments
that convinced me to join Télécom Bretagne (besides research topics, obviously) was the possibility of completely
refactoring the Computer Science teaching unit for first-year engineering students.

At that time, there was a national reform of CPGE programs [CPGE 2013 REFORM )], which introduced
Python as the main programming language, among other changes. To prepare the arrival in 2015 of students
who followed this new curriculum, Télécom Bretagne gave me the responsibility of designing a new course that
would replace the existing first-year programming course in C language.

A.1.1.2 Main Challenges

! Challenge 1 Engaging students !

In the first year of general engineering school, many students enter with little to no interest in computer
science. This was particularly true at that time, as most computer science courses in CPGE were given by
maths or physics teachers, and programming was essentially reduced to using MATLAB (or equivalents)
as an advanced calculator.

To address Challenge 1, I relied on two main elements:

The PyRat Game

I chose to build the course around a video game that takes the form of a customizable maze, where characters
have to grab pieces of cheese faster than an opponent. Cells in the maze may be separated by mud, requiring
more than one turn to cross. To control the characters, students have to write programs (in Python to capitalize
on previous skills) that describe their behavior on a turn-by-turn basis.

The customization options offered by PyRat allow users to easily create diverse learning situations, where
students can study many standard algorithms (e.g., traversals, exhaustive searches, heuristics), related notions
(e.g., complexity, approximation bounds, data structures), as well as programming paradigms (e.¢., recursion,
OOP), using graph theory as a central concept.

With this approach, I wanted students to discover a more fun aspect of computer science than the use of a
few lines of code for one-time problem solving, and therefore to spark more interest in the domain. Since its
inception, the course has always been very well received by the students in general, and former students mostly
remember me as the PyRat guy when I meet them later after they graduate (see Figure 10).

The software has gone through many iterations since its creation, to adapt to students’ feedback (e.g., usage
simplification, improved graphics) or evolution of the context (e.g., cross-campus matches, integration of OOP).
Figure 11 to Figure 14 show the various versions of the GUI, with a short description of the main changes.


https://bastienpasdeloup.github.io/r/?cr13
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Bt
SOIREE PYRAT

D'APRES LE COURS DE TRONC COMMUN
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(a) Organization of a PyRat party in 2016. Students built ~ (b) Announcement of the end of semester PyRat tourna-
a maze in the student common room and used the ment, with my face photoshopped on it (with autho-
algorithms seen in class to reach the bar. rization).

Figure 10 Some references to the PyRat course in the local CDV journal at IMT Atlantique.

Moves: 0 Moves: 0
Missed: 0 . Missed: 0
Fences: ¢ Fences: 0

Press space to start the game

Figure 11 The first version of PyRat was pretty rudimentary: a color per player, coins to grab, a few walls and
fences, and that’s it!
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(a) The main game interface. Coins became pieces of cheese, and red/green circles nice animated characters. Tiles were
designed by Christina RoBERTS and used with authorization [NEyjour @)].

PyRat - Core shell

PyRat - Shell for script ./programs/Random.py

[INFO] Connecting to PyRat core
[INFO] Connection successful

(b) The PyRat logo and char- (c) Each player could monitor their own output in a dedicated shell, for easier
acters were made for the debugging when working locally.
course by Lauren LEFUMEUR-
PaspeLour [NErUALL ).

Figure 12 The second version brought many changes. First of all, it introduced many graphical elements to
improve the user experience. The core was also recoded, and the whole architecture changed to a
client-server design to prepare cross-campus matches between Télécom Bretagne and Mines Nantes,
which would merge as IMT Atlantique in 2017.


https://www.deviantart.com/neyjour
https://www.deviantart.com/neruall
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Moves: 34
Miss: 0 .

(a) The third version of PyRat was programmed by Vincent GRIPON in 2018, with new graphics by Mooncat Stu-
dio [MooncaT Stupio @).

Advanced Algorithmics and Graph T...
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— 5. Good Programming -
1. Introduction &) MOOC Advanced Algorithmics & Graph Theory with Python De la série
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(b)  The PyRat MOOC consisted of 19 videos covering all notions seen in class.

MOOC de IIMT

2. Addressing a Computational
Problem &) MOOC Advanced...
MOOC de I'MT

Source : MOOC de I''MT >

Figure 13 During my postdoc, a MOOC based on PyRat was developed, to open the course to a broader
public [PyRaT MOOC ). It was discontinued in 2023 due to a lack of time to maintain it.


https://www.mooncatstudio.fr/
https://bastienpasdeloup.github.io/r/?pm
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(a) Later versions of PyRat came back to previous graphics. It is also now possible to add holes in the maze for more
customization, and the interface now shows cell indices and mud value for an easier analysis of trajectories. PyRat
now supports more than 2 players, and can be played in teams.

Tool: [ Hole B wall ® Mud @ Mud value: 2
Actions: m m View: (J Show indices

Maze: 5 rows x 6 columns | Cells: 26 | Current tool: Cheese (click to toggle)

(c) Irecently added a maze editor, which allows students

to design their own maze for PyRat, and import it into

the game. It makes it easy to design specific configura-
(b) PyRat now integrates fallback modes in tions (e.¢., highlighting the difference between a BFS
ASCII/ANSI to improve portability. and Dijkstra’s algorithm).

Figure 14 Current version of the PyRat software, now registered on PyPI as pyrat-game [PyRaT PyPI @]


https://pypi.org/project/pyrat-game/
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Emphasis on Hands-On Practical Activities

As I believe programming is best learned with a computer, I wanted to focus mostly on practical activities. I
initially designed the lectures to be as short as possible (~ 20 minutes), with a comprehensive website to dig
further into concepts between sessions. The rest of the time would be dedicated to hands-on practical sessions.

Later, I experimented with fully flipped classrooms — and even a MOOC [PYRaT MOOC @] - where students
had to study articles before the class, which would start with a short quiz to check understanding of notions. I
provided Mattermost or Discord servers for out-of-class support from the teachers, and in-class activities focused
on leveraging algorithms to solve problems in Python.

I[ Challenge 2 Handling heterogeneity {

In addition to various appetites for computer science, first-year students also come from diverse back-
grounds, with some already very familiar with a few programming languages (often OCaml or Python at
that time), and others not at all. This challenge has become increasingly important over the years, as the
population of students has only been growing.

To address Challenge 2, I relied on three elements:

Increasingly Difficult Objectives

As the flexibility of the PyRat software allows easy customization of mazes, it can be used to produce multiple
learning situations, of gradually increasing complexity. It also provides visual feedback to students, allowing
them to see their progression.

To reach the final objective of the course — designing a strategy to face an opponent in a PyRat game — the course
introduces intermediate sub-objectives:

Improve a random program

Starting from a program that moves uniformly at random among car-

dinal directions, students learn to take the maze map into account to
avoid walls.

This preliminary objective allows them to familiarize themselves with
the software, learn to manipulate objects, and identify parts of a graph.

Catch a single piece of cheese in an unweighted graph

This objective can be attained using simple traversal algorithms such as
DFS or BFS [MOORE, 1959 [E=]].

This first objective allows students to discover algorithms on graphs
and some of their properties (shortest path, complexity, termination),
as well as code factorization.



https://bastienpasdeloup.github.io/r/?pm
https://scispace.com/papers/the-shortest-path-through-a-maze-3gp9d9wvzl
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Catch a single piece of cheese in a weighted graph

Introducing mud in the maze forces the use of more advanced al-
gorithms — and associated data structures — like Dijkstra’s algo-
rithm [DyKsTRA, 1959 [E]].

This objective highlights that algorithms have pre-requisites, and shows
the importance of the choice of data structures.

Catch multiple pieces of cheese in a minimum number of turns

Solving this problem requires testing all possible permutations of pieces
of cheese using exhaustive algorithms and small optimizations of these
such as backtracking and branch-and-bound.

Introducing the TSP allows students to study classes of complexity,
and the existence of hard-to-solve problems.

Catch multiple pieces of cheese, but faster

As the previous objective is intractable for large quantities of cheese —
as will be the case in the final objective — we introduce heuristics and

greedy algorithms.

This objective shows how one can use approximate algorithms to esti-
mate solutions to a complex problem, leading to a trade-off between
tractability and quality.

The final objective, as mentioned earlier, is to face an opponent in a PyRat game using a strategy of the students’
choice. The semester ends with a friendly tournament, where volunteering students register their best program
to try to win a trophy (see Figure 15) and become the final boss for the next year. It is generally a fun moment
and a milestone in the first year (see videos referenced in [M,; M;]).

I have seen all kinds of submissions to the tournament since it was created, including deep learning approaches,
ant colonies, genetic algorithms... and less orthodox ones such as opponent brainwashing and teleportation!


https://ir.cwi.nl/pub/9256/9256D.pdf
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Figure 15 The PyRat trophy, made locally at the school’s FabLab.

Optional Advanced Content

The objectives presented above constitute the core content that any student should understand. Still, for more
advanced students, I have organized the course website so that, for each concept, there are two optional extensions:

* Advanced concepts — These can be for instance alternative algorithms for a specific problem, advanced
mathematical results, or extra exercises. These additional materials are fully guided.

* Links — I end each course material with a list of references that students can study on their own. These
references can be online tutorials or research papers, and generally serve as an entry point to new domains not
seen in class (e.g., spectral graph theory).

Extra content is easily identifiable so that interested students can choose to explore it. They can make the most
of them in the various evaluations, but not doing so and mastering the basic content is sufficient to pass. To this
extent, each class would start with a short quiz, with questions covering both necessary and advanced concepts.
Questions are organized in pairs (Qpasic, Qadvanced) to reward the level of involvement of students. The system
works as follows:

* All answers to basic questions need to be correct to pass.
* For a given pair, (,dvanced is counted in the grade only if both Qpasic and Qadvanced are correct.

* Any student who fails a question Qp,sic has the possibility of coming back to the teacher and explaining their
mistake. If the explanation is convincing, the teacher retro-validates Qpygic. In such a case, the associated
Qadvanced is not counted though, even if it was correct.
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This approach has the advantage of rewarding students who go beyond basic expectations, while ensuring
fundamental notions are mastered. It also helps detect students who struggle more than others and assist them
more during sessions.

Out-of-Class Support & Solidarity

Finally, for all courses I manage, I create a Mattermost or Discord server, to provide the students with a place to
ask questions between classes. I believe this to be essential, especially in the context of partially or fully flipped
classes, where students have a significant preparation to make at home.

Besides easier access to the teachers, these platforms let students help each other. Every year, a few students —
generally with a prior computer science background - are very active, and play the role of teaching assistants.

Along these lines, I ask students to work in groups in the PyRat classes. They are required to discuss together
and to form a triplet with approximately the same level in computer science. The goal is threefold:

* Homogeneous teams — This ensures — or at least improves the probability — that no student is left behind,
or suffers from a larger quantity of work.

* Heterogeneous classes — Having homogeneous teams in a more diverse class encourages advanced students
to help teams that struggle more when they are done with their own work.

* Triplets — Having three students per group gives them responsibility for specific aspects of the project. One
student would be in charge of the code, another of the documentation, and the other of the unit tests. While
the grade for a deliverable would mostly be common, it can be adapted based on individual responsibilities.
Having three deliverables to produce (catch one cheese, catch multiple pieces of cheese, face an opponent)
makes it possible to rotate responsibilities, so that each student is responsible for each aspect once.

The flexibility of the PyRat software also allowed its use in the Introduction to Al course for Master 1 & 2
students at IMT Atlantique, where it was used to teach RL. It also served as a support for the internship of
Guillaume BURET (hacking the platform), the TIPE of Romane CASTEL (traversal algorithms) and the student
project of Quentin AVARE et al. (prototyping a maze editor).

I was also invited to ECAM Louis de Broglie to present the course and train teachers who wanted to integrate the
software in their teaching activities. Also, when Télécom Bretagne and Mines Nantes merged as IMT Atlantique
in 2017, I actively participated in porting the course to the new program.

Finally, I made several communications on the course [Cg; S,] and the associated game [W,], and open sourced
all materials and versions [M,; M, ] for public usage.

PyRat was a standalone course from 2015 to 2024, and is now integrated as a project in a more global Computer
Science teaching unit. This change occurred following the 2021 CPGE reform [CPGE 2021 REFORM )], when
students studying the new programs started at IMT Atlantique.

Although not currently used in the classes I give, I have written a few example programs that illustrate the use
of solvers for finding solutions to the TSP. This could serve as a basis for teaching more advanced operational
research concepts. Also, the PyRat software itself being designed following OOP paradigms, it can be used as an
example to introduce software engineering and UML class diagrams.


https://bastienpasdeloup.github.io/r/?cr21
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I'also want to work on a platform where PyRat matches would be made constantly, and produce a leaderboard
that would show on the screens at IMT Atlantique. This would allow the most motivated students to continue
having fun after the course is completed.

A.1.2 How to Lie with Statistics

A2 Context

My teaching experience with the PyRat course during my PhD revealed that many students — even with a
scientific background — are prone to biases. I observed that they often assumed a correlation between the amount
of work invested in a project and the quality of the produced solution. In addition, when asking whether their
program stood a chance of beating a greedy opponent in a PyRat game, the answer was often “We played 2 or 3
games and won each time”. 1 addressed the problem by introducing statistical tests as a tool for making confident
and statistically significant statements. Still, with these observations I developed an interest in cognitive biases,
and started to think about how to integrate a more scientific approach to problems in my courses.

Later came 2020 and all the misinformation spreading about COVID-19. I realized that the impact of biases
on sound reasoning was a lot more prevalent than just a few assertions in a PyRat class, and thus I took the
opportunity to build a teaching unit around biases at IMT Atlantique, named “How to Lie with Statistics” in
reference to the book of the same name [HUFF, 1954 [E=].

Obviously, the course is not about lying with statistics, but aims at raising students’ awareness of the scientific
method and how engineering skills and scientific research can help trust (or not) an assertion.

At the end of the module, students are awarded a diploma, which reminds them that anyone can say random
things, which may look official or scientific (see Figure 16).

A.1.2.2 Main Challenges

! Challenge 3 Making it interesting {

I am obviously not the only one who worked on courses about biases and the scientific method
(e.g, [HauTEUurs UGA @)]). Also, several YouTube channels already offer fun ways of addressing
the question (e.g., [G MILGRAM Q; DerakaTor @)). So, how can I make something original that does
not already have a better version online?

I addressed Challenge 3 with two main axes:

Focus on Personalized Projects

For a course whose objective is to develop critical thinking, it seems natural to focus as much as possible on
practical situations. Besides a short introduction to science, research and the scientific method, and a full day on
biases (explained below), the course mostly consists of two projects:

* émoxy (withholding of assent) — In this first project, students have to choose a falsifiable ques-
tion [POPPER, 1989 [EE]]. They have to try as much as possible to ignore their own opinions about it, and to
make a bibliographic analysis of the question. As a starting point, a bank of falsifiable questions was provided
by all teachers at IMT Atlantique, but students can extend it to any question. Light subjects such as “Is Earth

flat?” are always very popular, but students often take the opportunity to explore more personal questions

like “Zs coffee (or red wine) good for health?”.


https://mronline.org/wp-content/uploads/2019/05/HowToLieWithStatistics.pdf
https://bastienpasdeloup.github.io/r/?uga
https://www.youtube.com/@ggmilgram
https://bastienpasdeloup.github.io/r/?def
https://toc.library.ethz.ch/objects/pdf03/z01_978-3-05-005708-8_01.pdf
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Figure 16 Fake ITM® certification delivered to all students who attend the course. This is made as a parody of

expensive and useless pseudo-scientific training courses, and to remind students that the value of any
diploma depends on the quality and recognition of the associated training.
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This first project is for many students a first contact with a research article. Also, it illustrates the necessity to
check (and cross) sources and to evaluate their seriousness.

* Lie with statistics — In the second project, students have to choose a question and a dataset, and manage to
get an answer of their choice. They also have to make the proper analysis, without cheating. At the end of the
project, students present the false analysis, and then exchange with other students, who try to debunk the
presentation. Then the presenting students show the actual analysis and results.

This project aims at training the students’ critical thinking, and experimentally illustrates how they can be
manipulated in real-life situations. Also, when performing the actual analysis of the question, students can
also make mistakes. This is a nice opportunity to show that producing sound results is not straightforward,
and to mention the importance of involving domain experts.

Involve Actual Experts

As mentioned earlier, the course includes a full day on statistical and cognitive biases. For the former, I introduce
statistical curiosities such as Simpson’s paradox [S1MPsON, 1951 [EZ]] and application of Bayesian statistics to the
Monty Hall problem [BARBEAU, 1993 [EZ]]. I am assisted by Romain BrLrot, who introduces statistical tests
and p-values. The goal is to present tools that can help determine the soundness of an assumption, and highlight
the necessity to involve actual statisticians in studies.

For the latter though, I cannot do it myself as it requires a very distinct background. To provide interesting
content, I thus invite an actual psychologist, Marie-Claude VEILLEUX, to introduce how the human brain can
deviate from rational thinking and lead to biases. Her talks are always praised by the students, who really value
her expertise.

! Challenge 4 Evaluating that course }

In a context where students may choose to explore projects as diverse and personally engaging as “Is there
a gene that causes homosexuality?” or “Did we actually land on the Moon?”, how can we give a grade that
has no risk of being biased?

Short answer: I don’t think we can... so I didn’t. One of the first things I tell students at the beginning of the
course is that they just passed the course. With this approach, I wanted to solve the following problems:

* Risk of biases — Even though as a teacher I keep my opinions to myself, I may unconsciously be biased
in favor of presentations that address interests of mine (%.e., coffee), or confirm my opinions (z.e., that coftee
is good). Indeed, it has been shown that even those with a knowledge of cognitive biases are still subject to
them [PRONIN ¢t 4., 2002 [EE].

* Self-restriction — In projects that are graded, choosing a topic is generally a trade-oft between a personal
interest in the topic and ambition, as a project too risky may lead to bad implications for the students’
curriculum. In the context of this course, I want to remove this apprehension, and give the opportunity to
students to go all in.

Overall, I believe that it makes very little sense to give grades to students at a Master’s level(®), They should be
treated as adults who are given time to learn new things and diversify their profile. In practice, since I created this
course, it never happened that a student decided not to come because the course was essentially free. On the
contrary, students have really appreciated being seen as volunteers, and many have confirmed that disabling the
fear of a bad grade allowed them to explore topics they would have otherwise put aside.

(1)  Note that I believe that grades are the problem, because of the pressure they create, not evaluations. However, these
should be formative, with the objective of giving feedback and helping students get better at what they do.


https://rss.onlinelibrary.wiley.com/doi/abs/10.1111/j.2517-6161.1951.tb00088.x
https://www.tandfonline.com/doi/abs/10.1080/07468342.1993.11973519
https://journals.sagepub.com/doi/abs/10.1177/0146167202286008
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A3 DS Track

A.r3.x  Context

It is no secret that Al is a very attractive term for students in engineering schools, given its prevalence in modern
society, as well as the career perspectives it may open. IMT Atlantique ofters 2 TAFs at Master’s level (MCE &
DS) on the topic, which are oversubscribed every year. In addition, some elective units exist to give students who
could not follow those tracks the opportunity to study ML, or who just wanted a small exposure to Al in their
curriculum to check the box.

One of these elective units is the Introduction to Al course, in which I regularly teach. Initially, the course was
given once a year during the autumn, but demand increased to the point where it was run 3 times in 2024 — 202s.
To face this increase in demand, I was asked to design a full DS Track, which I decomposed into three units:

* Tools for DS — This module covers the essential tools that are necessary for a good approach to Al techniques.
Its content is both technical (e.g., setting up an IDE with good agentic practices) and fundamental (e.g., algebra,
statistics) to focus both on efficiency and on developing intuition.

* AI — This unit covers fundamentals of AI techniques, 7.¢., unsupervised and supervised learning, representa-
tion learning and model adaptation. Emphasis is put on how to choose the appropriate approach, given a
problem to solve and data availability.

* Personalized project — A track-wide project, which puts into practice all elements seen in the other units
(more details below).

The track welcomes 10 to 20 Master 1 & 2 students, coming from diverse backgrounds, such as engineering
schools or foreign universities. Students are assumed to have basic programming skills, and should have found
an Al-related internship, starting right after the track ends.

The track offers similar challenges to those described earlier, especially Challenge 2 due to students’ backgrounds.
In addition to solutions similar to those already put in place in the PyRat course (e.g., a Discord server for
out-of-class support), I have chosen to focus here on a particular attempt at engaging students by taking into
account their diversity.

! Challenge s Matching everyone’s interests {

Students attending the track have very different objectives, although they all revolve around Al technolo-
gies. Some are interested in finance, others in medical applications, and others in 3D point clouds or
weather forecasting. This diversity raises the challenge of whether we can propose a project that suits
everyone’s interests, and offer practical opportunities to start an internship efficiently.

To address Challenge s, I chose to leverage the future internships of the students, and to design a project made
of general guidelines, instantiated per student, to work on data resembling what they would later manipulate.
Following the same order as the courses of the Al module, the project consists of the following steps:

1. Find a proxy dataset — Because the data handled during the internship is not yet available, and probably
overly complex, students are first asked to determine what they will work on (e.g., modalities, missing data,
quantities). With that in mind, they find a more polished open dataset online with similar characteristics.
They work on this dataset during the module, as a proxy of the actual dataset they will later manipulate.

2. Find clusters in data — To illustrate the interest of unsupervised learning approaches, students are encour-
aged to explore clustering algorithms as well as dimension reduction techniques on their datasets.
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3. Predict a decision variable — Similarly, students have to explore a classification or regression task on their
dataset, using basic ML algorithms.

4. From data to embeddings — After that, we transition to neural networks and models based on them. The
goal is to show that models trained to provide a good representation of the chosen modality can be used
off-the-shelf jointly with a classifier/regressor to improve performance thanks to relevant embeddings.

5. Adapt pretrained models — Finally, the last objective of the project is to take one of these pretrained models
and to adapt it to their dataset, either with fine-tuning or PEFT [HAN ez 4l., 2024 [EE]] techniques such as
LoRA [Hu et al., 2022 [E]).

For the project to succeed, a major difficulty was to have a basic knowledge of multiple modalities. While I could
assist students with the main modalities such as text, vision or tabular data, involving multiple teachers in the
pedagogical team helped mitigate this difficulty, as some conduct their research in medical imaging, others in
EEG signals, or in audio time series.

Overall, students have appreciated the personalization of the project, and felt more confident about starting their
internship. Their feedback after the internship will be invaluable for improving the module next year.

A2 Q&A on Specific Topics

While I feel the previous section should draw a good sketch of my teaching philosophy, there are still a few
pedagogy-related questions that do not fit there and that I find interesting to address below.

! Question 1 Al & teaching !

How to teach efficiently in a world where all students can simply use generative Al to solve problems in
less time than it takes to acquire the necessary knowledge?

It is quite obvious that we cannot just pretend generative Al is not a thing students will use in their curriculum,
especially in a context where their grades determine parts of their scholarship, such as the possibility of doing a
semester exchange at a foreign university. Conversely, fully embracing Al as a standard tool such as a computer
or the Internet erodes the fundamentals. As a result, students may fail to master basic knowledge required to use
those tools efficiently, let alone build intuition and understand the core concepts.

I think the correct spot is somewhere in between those two extremes. On the one hand, it makes no sense to be
an engineer who cannot use Al tools after graduating, but on the other hand, missing a systemic vision of how
to address and decompose problems makes usage of such tools sub-optimal.

In a context without grades, my view would be to give students responsibility, and to tell them the argument
above, insisting on the fact that they need to master a high-level understanding of a topic to be able to efhiciently
delegate code production to automatic tools. They would then have three years available to learn what teachers
consider fundamental, and apply those concepts using Al tools when it makes sense to do so. However, as
mentioned above, grades put pressure on students, and because of that I do not think this is a realistic view. My
experience as a teacher in first-year Computer Science courses has shown that for numerous students, passing
the course prevails over understanding the concepts.

More realistically — and while I still think that raising students’ awareness of the need for fundamental skills for a
proper use of Al needs to be done — I believe that we should refocus on the development of high-level skills, and
accompany students in mastering agentic tools. In more detail, here are some actions I have put in place:


https://openreview.net/forum?id=lIsCS8b6zj
https://openreview.net/forum?id=nZeVKeeFYf9
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A Course on Agentic Al Integration in the IDE

Recent experience has shown me that many students use AI badly. In the PyRat project of the Computer Science
course, some have been producing the documentation, code and tests independently, hoping that all three
models would come up with something coherent, without checking the produced outputs. Others have just
tried to prompt ChatGPT [CHATGPT @)] outside of the project’s context, with inputs similar to “Give me a
Dijkstra implementation for PyRat”. T have also observed that students were not aware of the models they were
using, assuming that GitHub Copilot [GrTHUB CoriLoT @] was the LLM itself.

I believe that these misuses of Al tools are easy to solve by integrating a small hands-on practical session early in the
curriculum. Disambiguating the terms, insisting on the importance of context, and experimenting to discover the
power and limits of these tools in a controlled environment should mostly be sufficient to orient students toward a
better use of Al Studies have also been conducted - in particular by some major Al companies [SHEN ¢z /., 2026
[EE]; DEepPMIND Broc @] - to evaluate the efficiency of these practices.

For first-year students in Computer Science, I have set up a practical session for this purpose. A similar course is
part of the Tools for DS module of the DS Track. I also help students set up a free [GrTHus EpucaTion &3]
student account, giving them access to modern models to support their learning.

Emphasis on High-Level Skills

The course on agentic Al described above aims at correcting mistakes in the basic usage of Al for development.
However, it is not sufficient by itself. To be able to use models properly, it is important to understand what
an agent can automate efficiently, and what it cannot. This is obviously subject to change as models improve,
but at the current time, I think a correct delimitation is code production versus software design. While the
former can easily be delegated to an Al, the produced output is generally messy or inefficient without a proper
well-thought-out project organization.

To put an emphasis on high-level skills, I have chosen to transform my teaching activities in three ways:

* Focus on code structure — Structuring a program is a good way to learn to decompose a problem into
sub-problems and to keep things organized. Putting an emphasis on this rather than on code production
develops the fundamental skills that allow students to keep their projects under control.

* Insist on unit testing — Code generated by an agent can be seen in some ways as a library one would use
without checking the code details. In both cases, errors can happen, and it is the responsibility of the project
developer to make sure that this external code does what it is supposed to in the context of the project where it
is used. I have thus chosen to put more emphasis on unit tests, and on the necessity to validate solutions to
sub-problems identified previously.

* Deliverable production — PyRat is for most students the first computer science project they are confronted
with. Therefore, it provides a good context to make first experiments with Al tools in a production-like
context. However, as mentioned earlier, improper use of Al can lead to a deliverable that is not coherent, both
in form and functionality. I have thus integrated elements into the first-year courses to teach students what
properties a deliverable should respect, by taking the role of a client with specific requirements.

A Two-Step Approach to Master both Fundamentals and Tools

Finally, to insist on the message that both knowledge and efficiency are important, I have chosen to conduct all
programming practical classes in two consecutive phases:

1. Understand concepts — After indicating to the students that we have specifically designed problems to
develop their understanding of what we consider an important problem, we ask them to perform the exercises
with their agents turned off, in order to develop a good fundamental understanding.

2. Be efficient — Then, after this series of exercises, we ask students to redo them, but putting the focus on
efficiency and code generation. The goal is to learn to master agent usage, and to exploit the knowledge


https://chatgpt.com/
https://github.com/features/copilot
https://arxiv.org/pdf/2601.20245v1
https://bastienpasdeloup.github.io/r/?dm
https://github.com/education
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obtained in the first step to do it more efficiently. In addition, this second step can also serve as a way to
discover better solutions compared to those manually developed initially.

{ Question 2 Flipped classes & MOOCs !

What is my view on alternative teaching approaches after several years of practice?

Interestingly, I have observed that alternative teaching methods like flipped classes or MOOCs seem to attract less
interest over time. While the approach was pretty original 10+ years ago, it has become very common nowadays,
and informal discussions with the students reveal that having too many flipped classes develops a perception of
laziness on the part of the teachers. This feeling is exacerbated by the rise of very powerful Al agents that take the
role of the teacher outside classes, even in the presence of platforms allowing support at any time.

With that in mind, students seem to value having short in-class lectures a lot, as high-level understanding of a
domain is what a teacher still provides in a world where Al agents can take care of small implementation details. I
therefore believe that my initial approach when I built the course — with short high-level courses and an emphasis
on practical activities — is what we should lean toward nowadays.

In addition, I have been disappointed by the lack of flexibility in the MOOC model. Indeed, if an error or a
dated choice is captured in a video, it is very hard to update it. This requires a lot of time to process, and in
some cases it is not even feasible. A concrete example is the PyRat project, which received funding to develop
the videos used in the course. These videos integrate complex animations, which I am not able to reproduce.
Therefore, redoing a video would clash with the rest of the course and be perceived as a patch. On the contrary,
the websites I developed for the Computer Science course and DS Track provide a very flexible way of keeping
content up to date.

I'do not want to paint a bad portrait of alternative teaching approaches though, as I feel they play an important
role in engaging students. In addition to flipped classes and MOOC:s, I regularly use interactive quizzes, which
I find very valuable to check global understanding of a concept, and to start conversations on misunderstood
aspects. Still, I think it is important to question these choices regularly, as ideas that were good in a context may
be detrimental in a new one several years later.

! Question 3 Making the most of internships & projects {

Internships and student projects are a key part of any curriculum. How can we help students make the
most of their experience?

When I supervise a project, one of my first discussions with students is what they want to do after their studies,
especially whether they lean toward an industrial career, or if they want to take the opportunity to have a more
research-oriented experience. Based on their choices, I try to orient the project toward a deliverable that they can
showcase in their CV.

For the former category, I generally insist on the need to produce a tool to demonstrate concrete results in
addition to standard project requirements as asked by the school. For the latter, when possible, I ask students to
publish the results of their project in a research article, and to submit it to an actual conference. If the article is
accepted, I offer the authors the chance to attend the conference to present it, covering all costs.

This approach has allowed some students vaguely interested in research to have a first experience in that domain,
and sometimes a publication before the end of their studies. Among the research-oriented projects I supervised,

I would like to highlight the following three, of which I am very proud:
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* “Study of the distribution of cells in a tumor” (Yassine EL OUAHIDI et al.) — This Master 2 projectled to a
publication at the EGC conference [C,,]. After this project, Matis FELLER started a PhD at ENS Paris; Yassine
Er Ouanipi did a PhD under my supervision and is now Lead Applied Scientist at Mistral AL

* “daptation of segmentation models” (Clément BELIVEAU er al.) — This Master 1 & 2 project led to a
publication at the EUSIPCO conference [C,g]. After this project, Jules DECAESTECKER entered the MVA
Master with the goal of later pursuing a career in research; both Clément BELIVEAU and Frederic LN started
a PhD, respectively with Naval Group and with CEA-LIST; finally, Jonathan Lys started a PhD under my
supervision, and will join Yassine EL OuAHIDI’s team at Mistral Al for a 6-month internship from September
of 2026.

* “ML for cuneiform writing recognition” (Quentin ANDRE ez al.) — While this Master 1 & 2 project did not
lead to any publication, it gave the opportunity to engineering students passionate about archaeology — who
did not pursue a career in this domain due to a lack of job prospects — to explore their topic of interest. After
the project, Maélle GABENS pursued a Research Master at Keio University; Quentin ANDRE is going to start a
PhD this year with Sorbonne University on a topic at the crossroads of Al and archaeology.
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B.1 General Information

B.1.1

Name

Born
Nationality
Links
Email
Phone

Personal Details

Bastien PAspeELouP

October 3™, 1988
French
= 0 MmO

bastien.pasdeloup@imt-atlantique.fr

02.29.00.15.65 / 06.32.59.01.18

B.r.2 Higher Education

2008 — 2010

2010 — 20I1I

2011 — 2014

Baccalaureate
“Economics €3 Social Sciences”

Charles de Foucauld (Brest, France)

BTS1&2
“Computer Science for Management”
Charles de Foucauld (Brest, France)
Internships: ¢ ISEN (Brest, France) [L,]
* JiVé Création, CERV (Brest, France) [1, ]

Bachelor 3

“Engineering Track for Computer Scientists”
ENIB (Brest, France)

Internship: Diateam (Brest, France) [I;]

Bachelor 3, Master 1 & 2
“Research € Innovation™
ENS Rennes & University of Rennes 1 (Rennes, France)
Internships: * DGA/MI (Bruz, France) [1,]
* CISTER (Porto, Portugal) [L]
* Irisa (Rennes, France) [I4]

B.1.3 Academic Positions

2014 — 2017

2018 — 2019

Since 2019

PhD
Laboratory: Lab-STICC, UMR CNRS 6285
School: Télécom Bretagne / IMT Atlantique (Brest, France)

Postdoctorate
Laboratory: LTS4
School: EPFL (Lausanne, Switzerland)

Associate Professor
Laboratory: Lab-STICC, UMR CNRS 6285
School: IMT Atlantique (Brest, France)


https://bastienpasdeloup.github.io/
https://scholar.google.fr/citations?user=dKOgoG4AAAAJ
https://orcid.org/0000-0002-8417-7537
https://www.linkedin.com/in/bastien-pasdeloup
https://github.com/BastienPasdeloup
mailto:bastien.pasdeloup@imt-atlantique.fr
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B.1.4 Details on My PhD

Title | “Extending Convolutional Neural Networks to Irregular Domains Through Graph Inference”
Defended | December 12, 2017

Direction | Dominique PAsToRr, IMT Atlantique (director)
Vincent GriroN, IMT Atlantique (supervisor)

Jury | Christine GUILLEMOT, Inria Rennes (president)
Pierre BORGNAT, ENS Lyon (reviewer)

Pascal FRossarD, EPFL (reviewer)

Rémi GriBoNVAL, Inria Rennes (examiner)
Michael RaBBAT, McGill University (invited)

Manuscript | [T]

B.2 Supervisions

B.2.1 PhD Students

Maryam KarRiMI-MAMAGHAN = M

Period | 2019 — 2022 (36 months)
Defended | July 20", 2022
Funding | Lab-STICC, DECIDE (personal funds)

Subject | Hybridization of metaheuristics and ML for combinatorial optimization

J0SS3JOIJ 0SSy Sy

Manuscript | [T,]
Publications | [J;; C,o; Cy55 Cig5 W53 W]

Fred Michael GONSALVES [in]

Period | 2020 - 2023 (36 months)
Defended | November 20™, 2023
Funding | Chantiers de Atlantique (CIFRE)
Subject | ML and operational research for cruise ship energy efficiency
Manuscript | [T]
Publications | [C,;; ;]

Yassir Benpou & M )

Period | 2021 - 2024 (36 months)
Defended | December 2™, 2024
Funding | Fondation Mines-Télécom & Institut Carnot ( “Futur € Ruptures” grant)

Subject | Few-shot image classification


https://scholar.google.com/citations?user=2-pxgrcAAAAJ
https://www.linkedin.com/in/maryamkarimi93
https://fr.linkedin.com/in/fred-gonsalves
https://scholar.google.com/citations?user=Hfzg6rcAAAAJ
https://fr.linkedin.com/in/yassir-bendou
https://github.com/ybendou
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Manuscript

Publications

[Te]
U7_§ C175 Caas Cz;; Wi P4]

Yassine EL Ovamipr & B )

Period
Defended
Funding

Subject
Manuscript

Publications

2021 — 2024 (36 months)
March 20™, 2025

Région Bretagne (“4RED” grant)
IMT & ANR (“A1@IMT” grant)

Vision-inspired deep learning approaches for BCI applications
(T,]
U4;J5;JIO; C185 C195 C7_4§ Cz55 C7_7§ C}I; WS; le5 W135 WIG]

Dubon Ropricue & M ©

Period
Defended
Subject
Funding

Manuscript

Publications

Arsalan NajiB

Period
Funding
Subject
Abandon

Yahia BELLOUCHE

Period
Funding
Subject

Publications

2022 — 2025 (36 months)
October 23", 2025
Simplification of energy network models through Al

IMT Atlantique (CDE)
IMT & ANR (“AI@IMT” grant)

[Ts]
U75 C295 C333 W155 Ju]

2023 — 2026 (36 months, abandoned after 11 months)
CHU Rouen (salary)
Classification of ocular diseases using deep learning approaches

Arsalan did not manage to obtain a reduction in working hours at CHU. This and
family reasons led him to choose to abandon his PhD to focus on his work at the

hospital

in
2024 — 2026 (24 months, ongoing)
CHU Brest (salary)

Computational fluid dynamics in cardiovascular medicine: from application to a
clinical perspective

U8§J9]


https://scholar.google.com/citations?user=BGZsbNgAAAAJ
https://fr.linkedin.com/in/elouahidi-y
https://github.com/elouayas
https://scholar.google.com/citations?user=dn0h91gAAAAJ
https://www.linkedin.com/in/dubonr
https://github.com/drod-96
https://www.linkedin.com/in/arsalan-najib-ab87a127b
https://www.linkedin.com/in/yahia-bellouche-259b19237
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JonathanLys & M@ ©

Period | 2024 — 2027 (36 months, ongoing)
Funding | ANR (Y/C/C” grant)
Subject | Exploring diversity in FSL and diffusion LLMs
Publications | [C,; C,,; Cy; Cy; R, ]

Joshua Chaz Rivera & M ()

Period | 2025 — 2028 (36 months, ongoing)

Funding | IMT Adantique (CDE)
SequolA (“Doctoral Projects” grant)

Subject | Diffusion LLMs for unusual data
Publications | [R;;R,]

Nolan SISOUPHANTHONG-VONGKOTRATTANA [in]

Period | 2025 - 2028 (36 months, ongoing)

Funding | IMT Adantique (CDE)
PRACom

Subject | Diffusion LLMs & Mechanistic interpretability

Quentin BANET in]

Period | 2026 — 2029 (36 months, starting soon)
Funding | Orange (CIFRE)

Subject | Neural coding for audio signals

B.2.2 MD Students

Victor QUERE [in

Period | 2020 — 2021 (12 months)
Defended | October 13™, 2021
Funding | CHU Brest (salary)
Subject | Comparison of ML approaches for prediction of ICH early mortality

J0SS3JOIJ 9IBD0SSY Sy

Manuscript | [T,]


https://scholar.google.com/citations?user=heUq7WEAAAAJ
https://fr.linkedin.com/in/jonathan-lys
https://github.com/jonathanlys01
https://scholar.google.com/citations?user=Ta024bgAAAAJ
https://www.linkedin.com/in/joshuacrivera
https://github.com/JoshuaCRivera
https://www.linkedin.com/in/nolan-sisouphanthong-804224224
https://www.linkedin.com/in/quentin-banet-31886a260
https://fr.linkedin.com/in/victor-qu%C3%A9r%C3%A9-21502781
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Amine EL Ovamipr & M

Period
Defended
Subject
Funding
Manuscript

Publications

2022 — 2023 (12 months)

September o 2023

Use of ML to predict pacemaker implantation following a TAVI procedure
CHU Brest (salary)

[T,]

[Jss Ws]

B.2.3 Postdoctoral Fellows

Mounia Hammoucue & M ©

Period
Funding
Subject

J0OSS9JOIJ 9IBII0SSY Sy

Publications

2020 (9 months)
Carnot TSN (“Numérigue 2020” grant)

Using GSP to improve few-shot classifiers
[BZB C14]

Behnam Vaupan: &

Period

2020 (10 months)

Funding | Carnot TSN (“Numeérique 2020” grant)

Subject

Radio-frequency design via 3D printing

Hafsa FL Harvan: & B ©

Period
Funding
Subject

Publications

2022 — 2023 (18 months)
ANR & InPixal (“4STRID” grant)

Multimodal approaches for image segmentation
(Ps]

Amine Sapixkine & [

Period
Funding
Subject

Publications

2025 — 2027 (18 months, ongoing)
Horizon Europe (“RI4” grant)

Al for stroke recovery analysis

[Sss]


https://scholar.google.com/citations?user=rAbVJGUAAAAJ
https://fr.linkedin.com/in/amine-el-ouahidi-9bb726240
https://scholar.google.com/citations?user=mMEdVfoAAAAJ
https://www.linkedin.com/in/mounia-hamidouche-4b1388a5
https://github.com/mouniahamidouche
https://scholar.google.com/citations?user=DfE1R3MAAAAJ
https://www.linkedin.com/in/behnam-vahdani-784a0473
https://scholar.google.com/citations?user=u1xtH80AAAAJ
https://www.linkedin.com/in/hafsa-el-hafyani-73326940
https://github.com/helhafyani
https://scholar.google.fr/citations?user=hUpgbI4AAAAJ
https://fr.linkedin.com/in/amine-sadikine
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B.2.4 Research Engineers

Mervyn GUILLOU [in|

Period | 2021 — 2023 (24 months)

Funding | ANR & Elliptika (“Plan Relance” grant)

JOSS3JOIJ IIBIJ0SSY Sy

Subject | Codesign of hyperfrequency components using Al

Manon RENAULT in] Q

Period | 2023 — 2025 (18 months)
Funding | ADEME & Goodfloow (“Logistique 4.0” grant)
Subject | Prediction from sensor data using embedded deep learning models

Publications | [W,]

B.2.s Interns

Chiraz NAFOUKI [in]

Period | 2014 — 2015 (1 month)
Curriculum | Télécom Bretagne (Bachelor 3)

Subject | Visualization of the diffusion of a signal on a graph

Khalid AITELAMINE in]

Period | 2014 - 2015 (2 months)
Curriculum | Télécom Bretagne (Master 1)
Subject | Graph signal processing for classification

Report | [I,]

Maélys ROBERT [in

Period | 2014 - 2015 (2 months)
Curriculum | Télécom Bretagne (Master 1)

Subject | Graph signal processing


https://www.linkedin.com/in/mervyn-guillou-90b96b244
https://www.linkedin.com/in/manon-renault-pro
https://github.com/mrenault07
https://www.linkedin.com/in/chiraz-nafouki-b03027a4
https://www.linkedin.com/in/khalid-aitelamine-072731107
https://www.linkedin.com/in/maelys-robert
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Axel KERINEC ()

Period | 2015 — 2016 (3 months)
Curriculum | ENS Lyon (Bachelor 3)
Subject | Spatio-temporal detection of patterns in multivariate signals

Report | [I]

Loic CARR in W)

Period | 2015 — 2016 (1 month)
Curriculum | Télécom Bretagne (Bachelor 3)

Subject | ML for object recognition in images

Guillaume BURET [in (W)

Period | 2015 — 2016 (2 months)
Curriculum | Télécom Bretagne (Bachelor 3)

Subject | Hacking the PyRat platform

Martin Dornier & 0

Period | 2015 — 2016 (1 month)
Curriculum | Télécom Bretagne (Bachelor 3)

Subject | BCI systems for hand movement classification

Ladislas DUCERF [in]

Period | 2015 — 2016 (1 month)
Curriculum | Télécom Bretagne (Bachelor 3)
Subject | ML and GSP

Houda ABicHOU

Period | 2016 - 2017 (1 month)
Curriculum | Télécom Bretagne (Bachelor 3)

Subject | Spectral graph theory


https://axelkrnc.github.io
https://www.linkedin.com/in/loic-carr
https://github.com/dimtion
https://www.linkedin.com/in/guillaume-buret-a715ab44
https://github.com/thebigtouffe
https://scholar.google.fr/citations?user=a40ixbMAAAAJ
https://www.linkedin.com/in/martin-dornier-465b16119
https://www.linkedin.com/in/ladislas-ducerf

B.z2 — Supervisions

1y

20p1soJ Sy

JOSS3JOIJ 9IBII0SSY Sy

Wenqi SHU-QUARTIER-DIT-MAIRE in]
Period | 2017 — 2018 (3 months)
Curriculum | ENS Paris-Saclay (Master 1)
Funding | ENS Paris-Saclay (salary)
Subject | Classification of cancer types from medical stained images
Report | [I]

Ali Dapras &

Period
Curriculum
Funding
Subject
Report

Publications

2018 — 2019 (6 months)

Tabriz University (Master 2)

LTS4, EPFL (personal funds)

Classification of patterns in time series using GSP
(L]

[Ws]

Yassine EL Ovamipr & B )

Period
Curriculum

Subject

Matis FELLER

Period
Curriculum
Funding
Subject

Clément RIBES

Period
Curriculum

Subject

2019 — 2020 (1 month)
IMT Atlantique (Master 2.

Study of the distribution of cells in a tumor

2019 — 2020 (5 months)
IMT Atlantique (Master 2
Lab-STICC, DECIDE (personal funds)

Study of the distribution of cells in a tumor

2019 — 2020 (2 months)
IMT Atlantique (Master 1)
Analysis of spatio-temporal signals with GSP


https://www.linkedin.com/in/wshuquar
https://scholar.google.com/citations?user=49FKi3gAAAAJ
https://scholar.google.com/citations?user=BGZsbNgAAAAJ
https://fr.linkedin.com/in/elouahidi-y
https://github.com/elouayas
https://www.linkedin.com/in/matis-feller-077a52140
https://www.linkedin.com/in/clement-ribes
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Victor QUERE in]

Period | 2019 — 2020 (6 months)
Curriculum | UBO (Master 2)
Funding | ARS & CHU Brest ( “Année Recherche” grant)
Subject | Comparison of ML approaches for prediction of ICH early mortality

Report | [I¢]

Gaspard CANEVET in]

Period | 2020 — 2021 (2 months)
Curriculum | IMT Atlantique (Master 1)

Subject | Integrating RL in metaheuristics

Marc SERRE [in|

Period | 2020 — 2021 (2 months)
Curriculum | IMT Atlantique (Bachelor 3)
Subject | Discovery of adversarial classes in few-shot problems

Report | [L,,]

Amine FL Ovanm: & [

Period | 2021 - 2022 (6 months)
Curriculum | UBO (Master 2)
Funding | ARS & CHU Brest (“4nnée Recherche” grant)
Subject | Use of ML to predict post-TAVI risk
Report | [I,,]

Maélle GABENS in]

Period | 2021 — 2022 (2 months)
Curriculum | IMT Atlantique (Master 1)
Subject | Application of pruning to graph signal sampling
Report | [L,]


https://fr.linkedin.com/in/victor-qu%C3%A9r%C3%A9-21502781
https://www.linkedin.com/in/gaspard-canevet
https://www.linkedin.com/in/marc-serre-bb4480204
https://scholar.google.com/citations?user=rAbVJGUAAAAJ
https://fr.linkedin.com/in/amine-el-ouahidi-9bb726240
https://www.linkedin.com/in/ma%C3%ABlle-gabens-a728b2209
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Nathan DarRjaNa m

Period

2021 — 2022 (5 months)

Curriculum | IMT Atlantique (Master 1)
Funding | Lab-STICC, DECIDE (personal funds)
Subject | 3D segmentation of CT scanner heart imaging using CNNs
Zakaria EL OuaHIDI [in|
Period | 2022 - 2023 (1 month)
Curriculum | UBO (Bachelor 2)
Subject | Real-time decoding of EEG signals for BCI using ML

Frederic LIN

Period
Curriculum

Subject

Jonathan Lys

Period
Curriculum
Funding
Subject

Anatole LEHE

Period

in W)

2022 — 2023 (2 months)
IMT Atlantique (Master 1)

Extension of a segmentation algorithm using SAM

= @ O

2022 — 2023 (2 months)
IMT Atlantique (Master 2
ANR & InPixal (“4STRID” grant)

Adaptation of segmentation models

2023 — 2024 (5 months)

Curriculum | IMT Atlantique (Master 1)
Funding | BRAIN, Lab-STICC (personal funds)
Subject | Integration of a DPP sampling procedure in a genetic algorithm
Rayan DakHiA in|
Period | 2026 — 2027 (6 months, starting soon)
Curriculum | IMT Atlantique (Master 2)
Funding | France 2030 & Cerevial (“In the Box” grant)

Subject

Supervision of trust in agentic Al systems applied to the medical domain


https://www.linkedin.com/in/nathan-darjana-67062720a
https://www.linkedin.com/in/zakaria-el-ouahidi-76045325b
https://www.linkedin.com/in/frederic-lin-b00a63222
https://github.com/frdlin
https://scholar.google.com/citations?user=heUq7WEAAAAJ
https://fr.linkedin.com/in/jonathan-lys/fr
https://github.com/jonathanlys01
https://www.linkedin.com/in/anatole-leh%C3%A9-323b102a4
https://www.linkedin.com/in/rd982475281/
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B.2.6 Academic Student Projects

Karim BouariLa
Alexandre DELAROQUE

Natacha DESERT

Julien MATTEI

Period
Curriculum
Type
Subject
Report

2014 — 2015 (5 months)
Télécom Bretagne (Bachelor 3)
Development project

Improvement of the Enigmatic platform

[1s]

Jinglei Su1 /& @ ©
Yihong Xu & inw)

Period
Curriculum
Type
Subject

Report

2015 — 2016 (3 months)
Télécom Bretagne (Master 1)
Research track project

Construction of the graph structure from graph signals

(L]

Nicolas GrReLier & @

Period
Curriculum
Type
Subject
Report

Publications

Réda ALamr
Period

Curriculum
Type
Subject
Report

Publications

2015 — 2016 (5 months)

Télécom Bretagne (Bachelor 3)

Semester project

Identification of translation in irregular graphs
L]

[C;Cs P

2015 — 2016 (5 months)
Télécom Bretagne (Master 2
Semester project

Uncertainty principle on graphs
(Lo]

(B C.]
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https://www.linkedin.com/in/karim-boualila-3b6183a2
https://www.linkedin.com/in/alexandre-delaroque-6a3161b7
https://www.linkedin.com/in/natacha-desert-7733a1aa
https://www.linkedin.com/in/julien-mattei
https://scholar.google.com/citations?user=9tYW9LcAAAAJ
https://www.linkedin.com/in/jinglei-shi-923708a0
https://jingleishi.github.io
https://scholar.google.fr/citations?user=vMLRRVkAAAAJ
https://www.linkedin.com/in/yihong-xu-326285109
https://github.com/yihongXU
https://scholar.google.fr/citations?user=2vZAlMUAAAAJ
https://www.linkedin.com/in/nicolas-grelier-5ba136102
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Amine EcCHrRAIBI & ()
Lotfi MOUBAKIR

Louis Gildas NpzamBa

Period | 2015 — 2016 (5 months)
Curriculum | Télécom Bretagne (Bachelor 3)
Type | Development project

Subject | Software execution in controlled environment

Report | [I,,]

Ladislas DUCERF [in|
Sili Zuo in(w)

Period | 2016 - 2017 (3 months)
Curriculum | Télécom Bretagne (Master 1)
Type | Research track project

Subject | Visualization and classification of signals through dimension reduction

Report | [I,]

Nicolas GrReLier & M

Period | 2016 - 2017 (3 months)
Curriculum | Télécom Bretagne (Master 1)
Type | Research track project

Subject | Quantum random walks

Report | [I,]

Romane CASTEL in W)

Period | 2016 — 2017 (5 months)
Curriculum | CPGE Kerichen (Bachelor 2)
Type | TIPE

Subject | Traversal algorithms in the PyRat game

Maven ZanorLr & M

Period | 2017 — 2018 (5 months)

Curriculum | EPFL (Master 1)

J0p3Isoq SY

Type | Semester project


https://scholar.google.com/citations?user=fmL36oAAAAAJ
https://github.com/AmineEchraibi
https://www.linkedin.com/in/ladislas-ducerf
https://www.linkedin.com/in/sili-zuo-989b98119
https://github.com/silizuo
https://scholar.google.fr/citations?user=2vZAlMUAAAAJ
https://www.linkedin.com/in/nicolas-grelier-5ba136102
https://www.linkedin.com/in/romane-castel
https://github.com/RomaneCastel
https://scholar.google.com/citations?user=WqDmT8gAAAAJ
https://www.linkedin.com/in/maven-zanoli-7b2239153
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Subject | Discovery of meaningful features for classification of tumor cells

Report | [I,,]

Murtaza Eren AxkBivik & B )

Period | 2018 - 2019 (5 months)
Curriculum | EPFL (Bachelor 3)
Type | Semester project
Subject | Interpretable ML in personalized medicine

Report | [I]

Firas BEN OTHMAN inj
Period | 2018 — 2019 (5 months)
Curriculum | EPFL (Master 1)

Type | Semester project

Subject | Improving classification performance of CNNs by changing the kernel shape

Report | [I,,]

Bassel BELHAD) [in|

Period | 2018 — 2019 (5 months)
Curriculum | EPFL (Master 1)
Type | Semester project

Subject | Graph convolutional networks

Frédéric BounjEmMaa in]
Albane CoLIN DE VERDIERE in]
Joséphine ScamuTz in]

Period | 2019 — 2020 (4 months)

Curriculum | IMT Atlantique (Master 1 & 2

J0SS3JOIJ 9IBID0SSY Sy

Type | Research track project
Subject | Analysis of weather data using graph spectrograms

Report | [L,]



https://scholar.google.de/citations?user=pZ7AXAcAAAAJ
https://www.linkedin.com/in/eren-akbiyik
https://github.com/meakbiyik
https://www.linkedin.com/in/firas-ben-othman-b21b2a164
https://www.linkedin.com/in/basselbelhadj
https://www.linkedin.com/in/fr%C3%A9d%C3%A9ric-boudjemaa
https://www.linkedin.com/in/albane-colin-de-verdiere
https://www.linkedin.com/in/jos%C3%A9phine-schmutz-42936a176
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Quentin AVARE in]
Théo LE GAaLL in)
Aurélien PAGeau in|
Period | 2019 — 2020 (4 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | CODEVSI project
Subject | Design of a maze editor for the PyRat game
Report | [I,,]

Thibaut Eroy & @
Anthony Frion & [ (»]

Period
Curriculum
Type
Subject
Report

2020 — 2021 (4 months)
IMT Atlantique (Master 2
Research track project

Graph spectrograms and the minimum bandwidth sum problem
[Ls]

Yassine ELOvanm: & B ©

Matis FELLER

Period | 2020 — 2021 (6 months)
Curriculum | IMT Atlantique (Master 2)
Type | PROCOM project
Subject | Study of the distribution of cells in a tumor
Report | [L,,]
Publications | [C,,]
Ilias AMAL in)
Diego Andres CARRENO in )
Jordan MEj1a m o
Tatiana MORENO PEREA m o
Period | 2020 — 2021 (6 months)
Curriculum | IMT Atlantique (Master 2)
Type | PROCOM project
Subject | Generalization of the joint Fourier transform with sensor data
Report | [I,.]



https://www.linkedin.com/in/quentin-avare-297577197
https://www.linkedin.com/in/th%C3%A9o-le-gall-28894a194
https://www.linkedin.com/in/aur%C3%A9lien-pageau
https://scholar.google.com/citations?user=ZgANVBgAAAAJ
https://www.linkedin.com/in/thibaut-eloy-2b3313183
https://scholar.google.com/citations?user=CVw7RLEAAAAJ
https://www.linkedin.com/in/anthony-frion-bb8b97172
https://github.com/anthony-frion
https://scholar.google.com/citations?user=BGZsbNgAAAAJ
https://fr.linkedin.com/in/elouahidi-y
https://github.com/elouayas
https://www.linkedin.com/in/matis-feller-077a52140
https://www.linkedin.com/in/ilias-amal-455502183
https://www.linkedin.com/in/diego-andres-carre%C3%B1o-49b2ab157
https://github.com/carrenodiego-zz
https://www.linkedin.com/in/johansmm
https://github.com/Johansmm
https://www.linkedin.com/in/tatiana-moreno-perea
https://github.com/TatianaMoreno47
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Jack BourpIN WHITE

Gabriel Gros

in]
in W

Period | 2020 — 2021 (4 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | CODEVSI research project
Subject | Semi-supervised classification
Report | [I.,]

Quentin ANDRE [in]
Maélle GABENS in]
Period | 2021 - 2022 (4 months)
Curriculum | IMT Atlantique (Master 1 & 2)
Type | Research track project
Subject | ML for cuneiform writing recognition
Report | [Is]
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Kadriye Nur BAKIRCI [in|
Miguel GuzmaN m|m o
Martin ROUESNE [in]

Héléne SAVATIER-DUPRE

Period | 2022 — 2023 (6 months)
Curriculum | IMT Atlantique (Master 1 & 2)
Type | PROCOM project
Subject | DPPs for MCDA
Publications | [C,]

Mouhamed LEYE in|
Guillaume Lopg [in|
Thomas MONTAGNE [in|

Period
Curriculum
Type
Subject
Report

2022 — 2023 (4 months)
IMT Atlantique (Bachelor 3)
CODEVSI project

Design of a portable guitar amp
[Iaz]


https://www.linkedin.com/in/jack-bourdin-white
https://www.linkedin.com/in/gabrielgros
https://github.com/Gabgros
https://www.linkedin.com/in/quentin-rb-andre
https://www.linkedin.com/in/ma%C3%ABlle-gabens-a728b2209
https://www.linkedin.com/in/kadriye-nur-bak%C4%B1rc%C4%B1-52347621b
https://www.linkedin.com/in/miguelguzmans
https://github.com/mikeguzman1294
https://www.linkedin.com/in/martin-rouesn%C3%A9-81a489182
https://www.linkedin.com/in/hsavatierdupre
https://www.linkedin.com/in/mouhamed-leye-a56371255
https://www.linkedin.com/in/guillaume-lode-520330232
https://www.linkedin.com/in/thomas-montagne-525662252
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Paul DEVOUGE-BOYER in]
Astrid FLicay [in]
Lucas POIRIER [in)
Pauline THIBAUT in|
Period | 2023 - 2024 (4 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | CODEVSI project
Subject | A website for borrowing games from the Trolls club at IMT Atlantique
Report | [I,,]
Yanis Apja
Florent BERGE inj
Aeddan WiLLIAMS in|
Period | 2023 - 2024 (4 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | CODEVSI project
Subject | Design of a portable guitar amp (follow-up)
Report | [I;;]
Clément BELIVEAU in]

Jules DEcaesTEcker & M ©

Frederic LIN

in W

JonathanLys & M ©

Period | 2023 — 2024 (6 months)
Curriculum | IMT Atlantique (Master 1 & 2.
Type | PROCOM project
Subject | Adaptation of segmentation models
Publications | [C,g]
Marine DELABAERE in W)
Léa MiQuEU @m o
Michael MorRENO @m o
Period | 2024 — 2025 (6 months)
Curriculum | IMT Atlantique (Master 1 & 2.

Type

PROCOM project


https://www.linkedin.com/in/paul-devouge-boyer-836249299
https://www.linkedin.com/in/astrid-flichy-4a11462a9
https://www.linkedin.com/in/lucas-poirier-7885282b0
https://www.linkedin.com/in/pauline-thibaut-a6153b290
https://www.linkedin.com/in/florent-berge-imt-atlantique
https://www.linkedin.com/in/aeddan-williams-a998852b4
https://www.linkedin.com/in/cl%C3%A9ment-beliveau
https://scholar.google.com/citations?user=WQjsScQAAAAJ
https://www.linkedin.com/in/jules-decaestecker
https://github.com/Jovillios
https://www.linkedin.com/in/frederic-lin-b00a63222
https://github.com/frdlin
https://scholar.google.com/citations?user=heUq7WEAAAAJ
https://fr.linkedin.com/in/jonathan-lys/fr
https://github.com/jonathanlys01
https://www.linkedin.com/in/marine-delabaere-658390144
https://github.com/MarineDelabaere
https://www.linkedin.com/in/l%C3%A9a-miqueu-43504925a
https://github.com/LeaMyl
https://www.linkedin.com/in/michael-moreno-bustos-42257620b
https://github.com/MichaelMikkles
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Subject | Automatic generation of music mashups

Publications | [C,]

Mohamed-Ali BouLLouz in]
Axel JoNARD in|

Brahim ONASSER in|
Aymane OUNZAR in )

Period | 2024 — 2025 (4 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | PRONTO project
Subject | Conditioning an LLM with RAG for the space observatory
Report | [I;]

Quentin AssIE in]
Fouad LBAKALI in]
Loick MARCHAL [in]
Mouad Souissi ()

Period | 2025 — 2026 (6 months)
Curriculum | IMT Atlantique (Master 1 & 2)
Type | PROCOM project

Subject | Generative Al for music mashups

Report | [I;4]

Raphaél Hierso-IGLEs1AS in]

Period | 2025 — 2026 (4 months)
Curriculum | IMT Atlantique (Master 2.
Type | Research track project
Subject | Graph foundation models for De Bruijn graphs

Mohamed-Walid CHAABANE inj
Ayoub Daoupi inj
Salomé GouLIN inj
Sami GUEssouM inj
in

Elias HAsNAoU


https://www.linkedin.com/in/mohamed-ali-boullouz-170596244
https://www.linkedin.com/in/axel-jonard-501146352
https://www.linkedin.com/in/brahim-onasser-759671349
https://www.linkedin.com/in/aymane-ounzar-97baa1320
https://github.com/OUNZAR-Aymane
https://www.linkedin.com/in/quentin-assie-5a8481281/
https://www.linkedin.com/in/fouad-lbakali/
https://www.linkedin.com/in/lo%C3%AFck-marchal-73ab77353/
https://github.com/Mo3ad-S
https://www.linkedin.com/in/rapha%C3%ABl-hierso-265611303/
https://www.linkedin.com/in/mohamed-walid-chaabane-2845b73a0/
https://www.linkedin.com/in/ayoub-d-8b049a3a6/
https://www.linkedin.com/in/salome-goulin/
https://www.linkedin.com/in/sami-guessoum-4a6101293/
https://www.linkedin.com/in/elias-hasnaou-603a70387/
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Christian Tranvarir & B ©

Period | 2025 — 2026 (4 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | PRONTO project

Subject | Automatic recognition of Pokémon Cards using Al

Report | [I.]

Loic DERRIEN ()
Théodore DIERS [in|
Jihad OuvarD m o

Period | 2025 — 2026 (2 months)
Curriculum | IMT Atlantique (Bachelor 3)
Type | PRAMeL project

Subject | Fine-tuning LLMs for minority languages: an application to Breton

Report | L]

B.2.7 Industrial Student Projects

Victor BENNINI [in)
Damien CARIOU m
in]

Camille FERRERO

Mathieu FREMAUX [in|
Benjamin ScHyNs in|
Xavier SELLAM [in|

Period | 2019 — 2020 (4 months)

JOSS3JOIJ IBIJ0SSY Sy

Curriculum | IMT Atlantique (Master 1)
Type | Industry-partnered tutored project
Employer | Thales

Subject | Design of a chatbot for naval mine warfare

Ghita BENKIRANE in
Runyuan Car

Hanchen Guo [in]
Luther OLLIER m


https://www.linkedin.com/in/christian-trandafir-a021b3275/
https://github.com/Borishkof
https://www.linkedin.com/in/th%C3%A9odore-diers-2b255b329/
https://www.linkedin.com/in/jihad-ouard-77a2482b0
https://github.com/geehadq
https://www.linkedin.com/in/victor-bennini
https://github.com/victorbennini
https://www.linkedin.com/in/damien-cariou
https://www.linkedin.com/in/camille-ferrero
https://www.linkedin.com/in/mathieu-fr%C3%A9maux-957684192
https://www.linkedin.com/in/benjamin-schyns
https://www.linkedin.com/in/xaviersellam
https://www.linkedin.com/in/ghita-benkirane-851b58175
https://www.linkedin.com/in/hanchen-guo-a2aaa4192
https://www.linkedin.com/in/luther-ollier
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LeiWane & @ ©
Period | 2019 — 2020 (4 months)
Curriculum | IMT Atlantique (Master 1)
Type | Industry-partnered tutored project
Employer | Zahnrad Fabrik Friedrichshafen
Subject | Classification of defective parts
Fatima-Ezzahra ALaAoul-MRANI in
Emna JmaL @m O
Soufiane LACHGUER in W)
Erwann LALE NY [in
Period | 2025 — 2026 (6 months)
Curriculum | IMT Atlantique (Master 1 & 2)
Type | PROCOM project
Employer | Arkéa
Subject | Evaluation of prediction uncertainty of LLMs
B.2.3 Tutored Students
Fanfol Ismael Raoul CouLIBALY in]
E Period | 2019 — 2020 (6 months)
E_ Curriculum | IMT Atlantique (Master 2)
:; Type | End-of-studies internship
=]
g Employer | Ifremer
i Subject | Study of upwelling variability from satellite data
Quentin ANDRE in]
Period | 2021 - 2022 (6 months)
Curriculum | IMT Atlantique (Master 2)
Type | End-of-studies internship
Employer | Hytech-Imaging
Subject | ML for archaeology



https://www.linkedin.com/in/lei-wang-imt
https://www.linkedin.com/in/fatima-ezzahra-alaoui-mrani-249777216/
https://www.linkedin.com/in/emna-jmal-7b23b1262/
https://github.com/EmnaJMAL
https://www.linkedin.com/in/soufianelachguer/
https://github.com/slach31
https://www.linkedin.com/in/erwnllny/
https://www.linkedin.com/in/fanfol-ismael-raoul-coulibaly-5babaa159
https://www.linkedin.com/in/quentin-rb-andre
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Adrien PELLISSIER in|
Period | 2021 — 2022 (6 months)
Curriculum | IMT Atlantique (Master 2)
Type | End-of-studies internship
Employer | Implicity
Subject | Creation of markers for detecting heart failure

Simon Roux

Period
Curriculum
Type
Employer
Subject

Tom MoALIC

Period
Curriculum
Type
Employer
Subject

2021 — 2024 (36 months)
IMT Atlantique (FIP)
Apprenticeship program
Schneider Electric

Continuous integration

in)
2023 — 2024 (6 months)
IMT Atlantique (Master 2
End-of-studies internship
Claude Bernard

ML for accelerated diagnosis in dermatology

Nicolas Riou in]
Period | 2024 — 2027 (36 months, ongoing)
Curriculum | IMT Atlantique (FIP)
Type | Apprenticeship program
Employer | EDF
Subject | Networks and cybersecurity
Khaoula ArRouIssI [in|
Period | 2025 — 2026 (6 months, ongoing)
Curriculum | IMT Atlantique (Master 2)
Type | End-of-studies internship
Employer | Criteo
Subject | Product embeddings search



https://www.linkedin.com/in/adrien-pellissier-1446b1168
https://www.linkedin.com/in/simon-roux-652385194
https://www.linkedin.com/in/tomm
https://www.linkedin.com/in/nicolas-riou-76a91a240
https://www.linkedin.com/in/khaoula-arouissi-776b69167/
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Agnes Carmela NTANKEU m

Period | 2025 - 2026 (6 months, ongoing)

Curriculum | IMT Atlantique (Master 2.

Type | End-of-studies internship

Employer | IMT Atlantique

Subject | Learning analytics with GCNs

B.3 Funded Projects

B.3.x

20p1soJ Sy

JOSS3JOIJ 9IBIJ0SSY Sy

Research Projects I Wrote or Co-Wrote

How Can One Compare Signals on Different Graphs?

Period
Funding
Type
Amount
Role

2019 (6 months)

Hasler Foundation (“Small Project” grant)
Private

~ 50 kCHF

PI

Using Graphs to Constrain Class Dynamics in Deep Learning

Period
Funding
Type
Amount
Role
Hired

2020 (10 months)

Carnot TSN (“Numérigue 2020” grant)
Public

~ 50k€

Co-PI

Mounia HAMIDOUCHE

Theoretical Foundations of Deep Learning

Period
Funding
Type
Amount
Role
Hired

2021 (6 months)

Carnot TSN (“Numérigue 2021” grant)
Public

~ 28k€

Co-PI

Mounia HAMIDOUCHE


https://www.linkedin.com/in/agnes-carmela-ntankeu-b19173263/
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FSL: Toward a Cheap Labeling of Datasets

Period | 2021 - 2024 (36 months)
Funding | Fondation Mines-Télécom & Institut Carnot ( “Futur € Ruptures” grant)
Type | Public
Amount | ~ 108 k€
Role | PhD advisor
Hired | Yassir BENDOU

FSL for BCI Systems

Period

2021 — 2024 (36 months)

Funding | Région Bretagne (“4RED” grant)
IMT & ANR (“AI@IMT” grant)
Type | Public
Amount | ~ 106 k€
Role | PhD advisor
Hired | Yassine EL OuaHIDI

FUSCHIA

Period
Funding
Type
Amount
Role
Hired

2022 — 2023 (24 months)

ANR & InPixal (“4STRID” grant)

Public

~ 142 k€ (total project funding: ~ 295 k€)

Academic partner

Hafsa EL HAFYANI
Jonathan Lys

Research Partnership on Al

Period | 2022 — 2026 (1 year, renewed 3 times, ongoing)
Funding | Sony Research
Type | Private
Amount | ~ 240 k€

Role

Co-P1
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Autonomous Pack

Period
Funding
Type
Amount
Role
Hired

ENDIVE

Period
Funding
Type
Amount
Role
Hired

2023 — 2026 (36 months)

ADEME & Goodfloow ( “Logistique 4.0” grant)
Public

~ 260 k€ (total project funding: ~ 1,849 k€)
Academic partner

Manon RENAULT

2024 — 2028 (48 months, ongoing)
ANR (7CJC” grant)

Public

~ 294 k€

PI

Jonathan Lys
+ 1 Postdoctoral fellow
+ 1 Master 2 student

MOVIOLIA

Period
Funding
Type
Amount
Role
Abandon

2024 — 2026 (24 months, abandoned after 3 months)

Région Bretagne & Pole Images et Réseaux ( “PAME 2024”7 grant)

Public
~ 191 k€ (total project funding: ~ 963 k€)

Academic partner

The project was abandoned shortly after its acceptance as one of the partners (Tydeo)

was placed in liquidation

Diffusion LLMs for Unusual Data

Period
Funding

Type
Amount
Role
Hired

2025 — 2028 (36 months, ongoing)

IMT Atlantique (CDE)
SequolA (“Doctoral Projects” grant)

Public
~ 139 k€
PhD advisor

Joshua Chaz R1vERA

B — Curriculum Vitae
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Diffusion LLMs & Mechanistic Interpretability

Period
Funding

Type
Amount
Role
Hired

2025 — 2028 (36 months, ongoing)

IMT Atlantique (CDE)
PRACom

Public
~ 139 k€
PhD advisor

Nolan SISOUPHANTHONG-VONGKOTRATTANA

Supervision of Trust in Agentic Al Systems Applied to the Medical Domain

Period
Funding
Type
Amount
Role
Hired

2026 — 2027 (6 months, starting soon)
France 2030 & Cerevial (“I the Box” grant)
Public

~ 10k€

Academic partner

Rayan Daxnia

Advanced Neural Coding for Audio and Stereo Signals

Period
Funding
Type
Amount
Role
Hired

2026 — 2029 (36 months, starting soon)
Orange (CIFRE)

Private

PhD salary + 48 k€

PhD director (from HDR)

Quentin BANET

B.3.2 Research Projects I Contribute(d) To

ML for the Prognosis of Cerebral Hemorrhages

> Period
> .

¢ Funding
&

2 Type
d yp
g Amount
g Role

Hired

2019 — 2020 (12 months)

ARS & CHU Brest ( “Année Recherche” grant)
Public

~ 20k€

Internship advisor

Victor QUERE
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DS for Energy Efficiency of Cruise Ships

Period | 2020 — 2023 (36 months)
Funding | Chantiers de Atlantique (CIFRE)
Type | Private
Amount | PhD salary + ~ 75 k€
Role | PhD advisor
Hired | Fred Michael GONSALVES
DARFI3D
Period | 2020 (10 months)
Funding | Carnot TSN (“Numeérique 2020” grant)
Type | Public
Amount | ~ 50k€
Role | Al expert
Hired | Behnam VAHDANI
CODHYPIA
Period | 2021 — 2023 (24 months)
Funding | ANR & Elliptika (“Plan Relance” grant)
Type | Public
Amount | ~ 132k€
Role | Al expert
Hired | Mervyn GuiLLOU

ML for Post-TAVI Risk Assessment

Period
Funding
Type
Amount
Role
Hired

2021 — 2022 (12 months)

ARS & CHU Brest (“4nnée Recherche” grant)
Public

~ 20k€

Internship advisor

Amine EL OuAHIDI



B3 — Funded Projects

STRATIF-AI

Period
Funding
Type
Amount
Role
Hired

2022 — 2026 (48 months, ongoing)

Horizon Europe (“RIA” grant)

Public

~ 401 k€ to CHU Brest (total project funding: ~ 5,969 k€)
Al expert

Amine SADIKINE

Al for Accelerating the Simulation of District Heating Networks

Period
Funding

Type
Amount
Role
Hired

2022 — 2025 (36 months)

IMT Atlantique (CDE)
IMT & ANR (“4I@IMT” grant)

Public
~ 115 k€
PhD advisor

Dubon RODRIGUE

B.3.3 Other Funding

Research Stay with Michael RaBBAT at McGill University

Period
Funding

Type
Amount
Role

2015 (2 months)

UEB & Région Bretagne (“International Mobility” grant)
GdR ISIS

Public
~ 3 k€

Invited researcher

Implementation of the PyRat Course at ECAM Louis de Broglie

Period
Funding
Type
Amount
Role

2017 (1 day)
ECAM Louis de Broglie
Private

~ 1k€

Instructor
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Organization of an FSL Workshop

Period | 2024 (5 days)

Funding | Brest Métropole
Département Finistére
Région Bretagne
Type | Public

Amount | ~ 5 k€

J0SS3JOIJ 9IBD0SSY Sy

Role | Co-organizer

B.4 Teaching Experience

B.4.a Responsibilities

PyRat — Algorithms & Discrete Mathematics

Period | 2015 — 2017
Curriculum | Télécom Bretagne (Bachelor 3, FISE)

Role | Course creator
Development of the video game central to the course
Management of a team of ~ 8 teachers

Publications | [Cg; W;S;; S, ]

PyRat — Algorithms & Discrete Mathematics

Period | 2019 - 2024
Curriculum | IMT Atlantique (Bachelor 3, FISE)

Role | Course leader
Development of the video game central to the course

J0SS3JOIJ 9IBII0SSY Sy

Management of a team of ~ 16 teachers across 2 campuses

Introduction to Research

Period | 2019 — 2025
Curriculum | IMT Atlantique (Master 1 & 2)

Role | Course co-leader



B.4 — Teaching Experience

137

Fundamentals of ML
Period | 2020 — 2024
Curriculum | IMT Atlantique (Master 1 & 2, TAF DS & TAF DiglC)
Role | Course co-leader

How to Lie with Statistics

Period
Curriculum

Role

2021 — 2026 (ongoing)
IMT Atlantique (Master 1 & 2)

Course creator

Computer Science

Period
Curriculum

Role

DS Track

Period
Curriculum

Role

2024 — 2026 (ongoing)
IMT Atlantique (Bachelor 3, FISE)

Course co-leader
Management of a team of ~ 16 teachers across 2 campuses

2024 — 2026 (ongoing)
IMT Atlantique (Master 1 & 2)

Track co-leader

B.4.2 In-Class Teaching Activities

PyRat — Algorithms & Discrete Mathematics @1

Period
Curriculum

Role

Contents

Resources

2015 — 2018 (~ 3 X 42 hours)
Télécom Bretagne (Bachelor 3, FISE)

Supervision of 2 classes per year
Flipped classes, practical sessions, project oversight

Graph theory, programming, problem solving
[M.]
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Computer Science Major 11
Period | 2015 — 2018 (~ 3 X 22 hours)
Curriculum | Télécom Bretagne (Master 1 & 2, FISE)
Role | Occasional talks
Tutorials, practical sessions, project oversight
Contents | Object-oriented programming, software development
Elementary Signal Processing &
Period | 2018 — 2019 (~ 5 hours)
'S
s Curriculum | EPFL (Bachelor 1)
;‘; Role | Occasional talks

J0SS2JOXJ IILIIOSSY Sy

Contents

Practical sessions

Fourier analysis, filtering

Project Management @1

Period
Curriculum

Role

Contents

2019 — 2020 (~ 63 hours)
IMT Atlantique (Master 1)

Supervision of 2 project teams
Tutorials, project oversight

Planning, management

Business Intelligence 01

Period
Curriculum
Role

Contents

Introduction to ML @

Period
Curriculum
Role

Contents

2019 — 2020 (~ 41 hours)
IMT Atlantique (Master 1 & 2, TAF DS)

Supervision of 1 class
Tutorials, practical sessions

Data visualization, databases

2019 — 2020 (~ 10 hours)
IMT Atlantique (Master 1 & 2, TAF DS & TAF DigIC)

Occasional talks
Lectures, practical sessions, project oversight

General ML, neural networks
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Advanced Data Mining @0 =&

Period
Curriculum
Role

Contents

Resources

2019 — 2023 (~ 4 X 6 hours)
IMT Atlantique (Master 1 & 2, TAF DS)

Occasional talks
Lectures, practical sessions

Time series, LSTM and GRU models
[M.]

PyRat — Algorithms & Discrete Mathematics @1

Period
Curriculum

Role

Contents

Resources

2019 — 2024 (~ 5 X 24 hours)
IMT Atlantique (Bachelor 3, FISE)

Supervision of 1 class per year
Flipped classes, practical sessions, project oversight

Graph theory, programming, problem solving
[M;]

Networked Systems 01

Period
Curriculum

Role

Contents

Advanced ML

Period
Curriculum

Role

Contents

Resources

2019 — 2024 (~ 5 x 23 hours)
IMT Atlantique (Bachelor 3, FISE)

Supervision of 1 class per year

Lectures, tutorials, practical sessions, project oversight

Optimization, decision aiding, graphs

i =K
2019 — 2025 (~ 6 X 5 hours)

IMT Atlantique (Master 1 & 2, TAF DS)

Occasional talks
Lectures, practical sessions, project oversight

Deep learning, FSL
[M,]

Nt

Introduction to Research 01 =&

Period

Curriculum

2019 — 2025 (~ 6 X 6 hours)

IMT Atlantique (Master 1 & 2)
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Role

Contents

Statistical Learning and Sparse Representations @1

Period
Curriculum

Role

Contents

Resources

Fundamentals of ML 01

Period
Curriculum

Role

Contents

Resources

Introduction to AI g

Period
Curriculum

Role

Contents

Resources

Supervision of 1 class per year
Lectures, project oversight

Research, science

2019 — 2025 (~ 6 X 3 hours)
IMT Atlantique (Master 1 & 2, TAF MCE)

Occasional talks
Lectures, practical sessions

Graph signal processing
[M;]

2020 — 2024 (~ 4 x 36 hours)
IMT Atlantique (Master 1 & 2, TAF DS & TAF DiglIC)

Occasional talks
Lectures, practical sessions, project oversight

ML, deep learning
[M]

N
4

2020 — 2026 (~ 5 x 40 hours, ongoing)

IMT Atlantique (Master 1 & 2)

Supervision of 2 classes per year
Lectures, practical sessions, project oversight

ML, deep learning, foundation models
(M, ]

How to Lie with Statistics §0 =&

Period
Curriculum

Role

Contents

Resources

2021 — 2026 (~ 4 x 40 hours, ongoing)
IMT Atlantique (Master 1 & 2)

Supervision of 1 class per year
Lectures, tutorials, project oversight

Science, critical thinking, scientific methodology
[Ms]
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Advanced Deep Learning &

Period
Curriculum
Role

Contents

2022 — 2023 (~ 3 hours)
IMT Atlantique (Master 1 & 2, TAF MCE)

Occasional talks
Lectures, practical sessions

RL

Computer Science 1

Period
Curriculum

Role

Contents

Resources

DS Track =%

Period
Curriculum
Role

Contents

Resources

2024 — 2026 (~ 60 hours, ongoing)
IMT Atlantique (Bachelor 3, FISE)

Supervision of 1 class
Lectures, tutorials, practical sessions, project oversight

Graph theory, algorithms, programming, problem solving, computer environment

[M,]

2024 — 2026 (~ 40 hours, ongoing)
IMT Atlantique (Master 1 & 2)

Supervision of 1 class
Lectures, practical sessions, project oversight

Deep learning, foundation models, unsupervised and supervised models

[Mio]

B.4.3 Certifications

Computer Science

B

2 Period | 2018

©

g Type | Qualification

Delivered By | CNU (Section 27)

Computer Engineering, Control Systems, and Signal Processing
Period

Type
Delivered By | CNU (Section 6r1)

2018

Qualification
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Flipping a Class
Period | 2019
Type | Training
Delivered By | EPFL

Course Design

Period | 2019
Type | Training
Delivered By | RCFE & EPFL

B.4.4 Organization of Programming Challenges

Enigmatic S

Period | 2014
Organization | Télécom Bretagne

Role | Co-organizer

TaupIC S

Period | 2015
Organization | Télécom Bretagne & ENS Rennes

Role | Co-organizer

TaupIC S

Period | 2016
Organization | Télécom Bretagne & ENS Rennes

Role | Co-organizer


https://bastienpasdeloup.github.io/hdr/files/enigmatic.zip
https://taupic.wordpress.com/
https://web.archive.org/web/20160214075941/http://taupic.telecom-bretagne.eu/

B.s — Other Activities 143

B.s Other Activities

B.s.a Research Stays

> LTS2, EPFL (Lausanne, Switzerland)
=
- Period | 2014 (2 weeks)
Z% Invited By | Pierre VANDERGHEYNST
ECE Laboratory, McGill University (Montréal, Canada)
Period | 2015 (2 months)
Invited By | Michael RABBAT
z Sony Research (Stuttgart, Germany)
§- Period | 2022 (1 week)
% Invited By | Fabien CARDINAUX
CRIStAL (Lille, France)
Period | 2025 (1 week)
Invited By | Rémi BARDENET

B.s.2 Invited Talks

Workshop on Serious Games & Pedagogy in Higher Education (UBL)

Year | 2016

Subject | Teaching Python with the PyRat serious game

Juapmg qYd SV

Presentation | [S,]

ECAM Louis de Broglie

Year | 2017

Subject | Integration of the PyRat game into the training

Presentation | [S,]
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GIPSA-Lab

Year | 2017
Subject | Extension of CNNss to data supported by graphs

Presentation | [S;]

University of Nantes

Year | 2017
Subject | Extension of CNNss to data supported by graphs

Presentation | [S,]

Inria Rennes

Year | 2017
Subject | Extension of CNNss to data supported by graphs

Presentation | [S]

LTS4, EPFL

Year | 2017
Subject | Extension of CNNs to data supported by graphs

Presentation | [Ss]

ENS Lyon

Year | 2018
Subject | Applications of GSP to ML and healthcare

Presentation | [S.]

20p1s0J Sy

CRIStAL

Year | 2018
Subject | Applications of GSP to ML and healthcare

Presentation | [Sg]
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20p1so( Sy

Tutorial Day on Foundation Models (IMT Atlantique)

Year | 2024
Subject | Foundation models for text

Presentation | [S,]

Lab-STICC Presentation

Year | 2024
Subject | Foundation models for text

Presentation | [S,]

Research Committee JCJC Presentation (IMT Atlantique)

Year | 2024
Subject | Diversity in FSL

Presentation | [S,]

CRIStAL

Year | 2025
Subject | Diversity in FSL

Presentation | [S,]

STRATIF-AI Consortium

Year | 2026
Subject | Multimodal ML and agentic Al for health

Presentation | [S,,]

Organization of Scientific Conferences & Symposiums

GSP Workshop S

Year | 2018
Type | Workshop

Location | EPFL (Lausanne, Switzerland)


https://archiveweb.epfl.ch/gsp18.epfl.ch/
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Signal Processing over Graphs, with a Focus on Neuroscience Data S

Year | 2019
Type | GdRISIS seminar
Location | CNRS (Paris, France)

Tutorial Day on Foundation Models S

Year | 2024
Type | Tutorial
Location | IMT Atlantique (Brest, France)

J0SS3JOIJ 9IBII0SSY Sy

Workshop on FSL S

Year | 2024
Type | Workshop

Location | IMT Atlantique (Brest, France)

B.s.4 Scientific Dissemination

Scientific Dissemination Semester Break

> Year | 2010
8 Type | In-class intervention
qg Organization | ENIB & Les Petits Débrouillards
5 Public | CM 2 class (Ecole de PArgoat, Lesneven, France)
aE Subject | Sea shores
Resources | [A]
Nuit Européenne des Chercheures

:i Year | 2019

E. Type | Booth

% Organization | Océanopolis

? Public | General

” Subject | GSP & AI



https://web.archive.org/web/20260208013958/https://gdr-iasis.cnrs.fr/reunions/signal-processing-over-graphs-with-a-focus-on-neuroscience-data/
https://www.imt-atlantique.fr/en/research-innovation/teams/brain/medias
https://wfsl.istc-conf.org/

B.s — Other Activities

“Brest is AI” Meetup
Year | 2021
Type | Round table
Organization | Brestis Al
Public | General
Subject | Al explainability
Resources | [A,]

Nuit Européenne des Chercheures

Year

Type
Organization
Public
Subject

Resources

2022
Booth
Océanopolis
General

Few-shot classification of images

[As]

Nuit Européenne des Chercheures

Year

Type
Organization
Public
Subject

Resources

2023
Booth
Océanopolis
General

Introduction to AI
[A,]

Féte de la Science

Year

Type
Organization
Public
Subject

2024
Booth

Océanopolis

Primary school students

Building musical instruments

Une Chercheure a PEcole

Year

Type

2025

In-class interventions

Organization | Océanopolis
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Public | CM 2 class (Groupe Scolaire Kerbernard, Brest, France)
CM 1 & 2 class (Ecole Jean Rostand, Brest, France)
CM 1 & 2 class (Ecole Jacques Prévert, Brest, France)
CM 2 class (Ecole Keribin, Ploudalmézeau, France)
CM 1 & 2 class (Ecole Roz Avel, Plougonvelin, France)
CM 1 & 2 class (Ecole Kerinou, Brest, France)
CM 1 & 2 class (Ecole Anita Conti, Plouzané, France)
Subject | Understanding AI with Legos
Resources | [As]
Nuit des Chercheures
Year | 2025
Type | Speed searching
Organization | Océanopolis
Public | General
Subject | Research in Al
Féte de la Science
Year | 2025
Type | Booth
Organization | Océanopolis
Public | Primary school students
Subject | Al for sound & music
B.s.s _Reviewing Activities
B.s.s.t  Research Articles
IEEE TSP
Period | 2016 — 2026
Type | Journal
Nb. Reviews | 10
Elsevier Signal Processing
5
% Period | 2018
E’- Type | Journal
Nb. Reviews | 1

B — Curriculum Vitae
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IEEE SPL
Period

Type
Nb. Reviews

IEEE TSIPN
Period

Type
Nb. Reviews

2018

Journal

1

2019 — 2026

Journal

4

EURASIP Advances in Signal Processing

Period

Type
Nb. Reviews

2020

Journal
1

GRETSI
Period | 2022 — 2025
Type | Conference
Nb. Reviews | 7
ACM SIGMETRICS
Period | 2022
Type | Conference
Nb. Reviews | 1

Oxford Academic - Bioinformatics

Period

Type
Nb. Reviews

2025

Journal

1
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ACL ARR
Period

Type
Nb. Reviews

2026
Conference

3

J0SS3JOIJ 9IBII0SSY Sy

ANR JCJC
Period

Type
Nb. Reviews

2025 — 2026
Public funding agency
2
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C.x  Teaching

C..1  In-Class Teaching Hours Per Year
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Figure 17 In-class teaching hours (z.e., projects not included) per school year. Label color indicates when I
was a ’hDD) student, a Postdoc or an Associate Professor. The breakdown by course is provided in
Section B.4.2.

C.r.2  Supervised Internships & Student Projects Per Year
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Figure 18 Number of internships and student projects supervised per school year. Label color indicates when I
was a PhDD) student, a Postdoc or an Associate Professor. See Section B.2.5 to Section B.2.7 for details
on all internships and projects.
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C.2 Research

C.2.1 Publications Per Year
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Figure 19 Number of publications (which underwent a reviewing process) per year. Label color indicates when
I'wasa PhDD student, a Postdoc or an Associate Professor. See Bibliography for all details.

C.2.2 Citations Profile
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Figure 20 Number of citations per year (as of August 31%, 2026) according to [GOOGLE SCHOLAR (B.P.) ).
Label color indicates when I was a PhD student, a Postdoc or an Associate Professor. Total: 1,048.
H-index: 12.


https://bastienpasdeloup.github.io/r/?sch
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C.2.3 Graph of Co-Authors
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Figure 21 Graph of co-authors for all my published articles [GrRaPHVIZ Q; GANSNER ¢t al., 2004 [EE]. Node
size scales with the number of co-publications with me, and edge thickness denotes co-occurrences
of linked authors across articles (click on nodes for better visualization). Some people have changed
affiliation; I chose to specify the context at the time of our collaboration.


https://graphviz.org/docs/layouts/neato/
https://link.springer.com/chapter/10.1007/978-3-540-31843-9_25
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MedMCQA ... Medical Multiple-Choice Question Answering
MedQA Medical Question Answering
MedS Medical Super
MEG MagnetoEncephaloGraphy
MERT ...l Music UndERstanding Model with Large-Scale Self-Supervised Training
M Motor Imagery
MILP Mixed-Integer Linear Programming
MIMIC o Medical Information Mart for Intensive Care
MinLA Minimum Linear Arrangement
M e Massachusetts Institute of Technology
ML Machine Learning
ML Multi-Layer Perceptron
MMLU Massive Multitask Language Understanding
MMORPG Massively Multiplayer Online Role Playing Game
MNIST Modified National Institute of Standards and Technology
MONICA ... ...l MONItoring Trends and Determinants in CArdiovascular Disease
MOOC Massive Open Online Course
MOVIOLIA ... MOntage de VIdéOs d’Entreprise Assisté par L'TA
M Metaphor-Paraphrase
MP3 Moving Picture Experts Group Audio Layer 3
M P C Model Predictive Control
MRI Magnetic Resonance Imaging
MRMR Minimum Redundancy Maximum Relevance
MG Magic: the Gathering
MUNCH Metaphor UNderstanding CHallenge
MVA Mathématiques, Vision, Apprentissage
NeurIPS ... Annual Conference on Neural Information Processing Systems
NeurIPT .. Neural Interfaces with a Pre-Trained Transformer
NeuroLM .. Neuroscience Language Model
NIHSS National Institutes of Health Stroke Scale
NP Natural Language Processing
NP Non-deterministic Polynomial
N o Nature Partner Journals
OLA International Conference on Optimization and LeArning

OO o Object-Oriented Programming
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ORBI Observatoire Régional Breton sur IInfarctus
O Oscillatory Shear Index
PascalVOC Pascal Visual Object Classes
P Portable Document Format
PEE T e Parameter-Efficient Fine-Tuning
PESP o Permutation Flowshop Scheduling Problem
PH Praticien Hospitalier
PR e Philosophiz Doctor
P Principal Investigator
PME Petites et Moyennes Entreprises
PMLR Proceedings of ML Research
PR e Precision-Recall
PRACOM ..ot Pole de Recherche Avancée en Communications
PRAMeL Projects on Recent Advances in ML
PRCE .. Projet de Recherche Collaborative — Entreprise
PROCOM . Concevoir et Gérer un PROjet COMplexe
PRONTO ... .o, PRojet d’Ingénieur dans un MONde en TransitiOns
PU Professeur des Universités
PubMedQA ... PubMed Abstracts Question Answering
PyConFr ....... ... ... ... ... ... Convention Annuelle de la Communauté Python Francophone
Py L The Python Package Index
Q& A e Questions & Answers
QPES o Questions de Pédagogies dans ’Enseignement Supérieur
RO-FoMo ... ... Robustness of Few-Shot and Zero-Shot Learning

in Large Foundation Models
RAG Retrieval-Augmented Generation
RCFE Réseau Romand de Conseil Formation et Evaluation

pour PEnseignement Universitaire

R At Reasoning and Acting
ReLU Rectified Linear Unit
ResNet oo Residual Neural Network
REVE ... ... ... Representation for Electroencephalography with Versatile Embeddings
RE Random Forest
REE Recursive Feature Elimination
RIA Research and Innovation Actions
R e Reinforcement Learning
RM P Ranking with Multiple Profiles

RN A RiboNucleic Acid
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RININ Recurrent Neural Network
RNTI .o Revue des Nouvelles Technologies de I'Information
ROADEF .. ............... Société Frangaise de Recherche Opérationnelle et d’Aide a la DEcision
ROC Receiver Operating Characteristic
RoFormer ..o Rotary TransFormer
ROPE Rotary Positional Embedding
RVOQGAN Residual Vector Quantization GAN
S A E Sparse AutoEncoder
SAGE Sara A. GEorge
SAM Segment Anything Model
SEDD o Score Entropy Discrete Diffusion
SequolA L. Al for Trust and Security
SHAP SHapley Additive ExPlanation
SIGMAS Cerebral Small Vessel Disease Imaging, Genomics and
ML Analysis in Clinical Stroke

SIGMETRICS .............. Special Interest Group on Measurement and Evaluation (METRICS)
SimCLR  .................. Simple Framework for Contrastive Learning of Visual Representations
SMOTE Synthetic Minority Oversampling TEchnique
SNOMEDCT ... ..ot Systematized NOmenclature of MEDicine - Clinical Terms
S L Signal Processing Letters
SRMP Simple Ranking Method Using Reference Profiles
S L Self-Supervised Learning
STEMI e ST-Segment Elevation Myocardial Infarction
STRATIF-AI ............ Continuous STRATTFication for Improved Prevention, Treatment, and
Rehabilitation of Stroke Patients Using Digital Twins and Al

STRATUM o e Stroke TR AnscripTomic Utility Markers
S M Support-Vector Machine
T2'GRE . T2*-Weighted GRadient Echo Sequences
TabPEN Tabular Prior-Data Fitted Network
TAF Thématique d’Approfondissement de la Formation d’Ingénieur
TASLPRO ... . Transactions on Audio, Speech, and Language PROcessing
TaupIC oo Concours d’Informatique des Taupins
TAVI Transcatheter Aortic Valve Implantation
A S S Time-Averaged Wall Shear Stress
TG A The Cancer Genome Atlas
TGRS o The Global Research Space
TIPE Travaux d’Initiative Personnelle Encadrés
TMLR Transactions on ML Research
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TNNLS Transactions on Neural Networks and Learning Systems
TPAMI . Transactions on Pattern Analysis and Machine Intelligence
TSIPN . Transactions on Signal and Information Processing over Networks
TN Télécom et Société Numérique
TS Traveling Salesperson Problem
0 050 Transactions on Signal Processing
O P B TSP LIBrary
UB L Université Bretagne Loire
UBO Université de Bretagne Occidentale
UCSD e University of California, San Diego
UEB Université Européenne de Bretagne
UG A Université Grenoble Alpes
UM Unified Modeling Language
UM R Unité Mixte de Recherche
VT Vision Transformer
7215 Vision-Language Model
VSCode oo Visual Studio Code
WAVIVEC ettt ettt ettt e e e e e e e e e e waveform to vector
WinoGrande ... Winograd Schema Challenge at Grande Scale

ZES T ZEro-Shot Learning from Text Descriptions






Modern AT advances fastest where data is plentiful,
shareable and benchmarked. Hospital data is none of
those things. This manuscript carries advances from
fundamental Al research to healthcare.

The work that underpins this manuscript revolves
around one question: how can we take advantage of
the structure or variability of the data, rather than of
its amount? GSP was a first answer, exploiting the
geometry of the domain signals live on; FSL a second,
exploiting the geometry of representations; and di-
versity in the data or representations, a third. More
recently, LLMs and foundation models shifted this
question to how best to exploit powerful representa-
tions of data from many modalities.

This methodological evolution and the projects that
arise from it are the main subjects of this manuscript.
I develop it through past and ongoing projects, in
collaboration with researchers and clinicians in neu-
rology, cardiology and oncology, each project tackling
the question from a different angle.

Leveraging these previous works,  am now convinced
that the (mid-term) future of Al for healthcare is not
likely to be one single very large model producing
an opaque vector for a patient, but rather a diversity
of specialized models, deployed where the data lives,
exchanging information in natural language that an
orchestrator can assemble and a practitioner can read,
question and contest.

The second part of this manuscript is dedicated to the
axes of research I plan to pursue in the future, in or-
der to contribute to this vision. It lays out a research
plan that gives a lot of space to multimodality, agentic
systems, and LLMs.

Finally, this manuscript also includes a brief descrip-
tion of some chosen teaching activities, which I con-
sider an important part of my interests and activities
as an Associate Professor at IMT Atlantique.



https://bastienpasdeloup.github.io/hdr/files/pasdeloup_2026_hdr_document.pdf
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