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ISN, located onthe Orsay campus, isa
researchlaboratory createdin January
2021,as the result of the unionof 7 LIMSI
research groups and 7 LRI research
teams. Itisa Joint Research Unit (UMR)
with CNRS, University Paris-Saclay,
INRIA and CentraleSupélec. LISN is a multidisciplinary
research laboratory that brings together researchers
and teacher-researchers from different disciplines in
the Engineering and Information Sciences, as well as
Life Sciences and Human and Social Sciences.

LISN hosts about 400 people, including 170 researchers
and 150 Ph. D students. Its research forces cover abroad
spectrum of fundamental and applied researchin com-
puter science and engineering science. Itis composed
of five departments corresponding to interdisciplinary
themes.

Research Departments

ALGORITHMS, LEARNING, AND
COMPUTATION

The mainresearch axes concerncomputational models
and their robustness (from high performance compu-
ting to quantum computing, including neural networks,
and distributed algorithms), processing architectures
(graphs, distributed processing), and methods (eg.
continuous optimization, combinatorics, stochastics;
statistical learning and information theory). The teams
which composed this department are Learning and
Optimization (A&O, team transverse with Data Sciences
department), Graphs, Algorithms and Combinators
(GALaC), and Parallel Systems (ParSys).

INTERACTION WITH HUMANS

The Human-Centered Interaction Department brings
together researchers from 6 internationally renowned
teams. It focuses on Human-Computer interaction witha
multidisciplinary approach combining computer science,
signal processing, and humanities, to design not only
innovative hardware and software interfaces but also
toexplore social interaction and collaboration between
humans and computers.

The range of this research allows the department to
develop work that is both fundamental and applica-
tion-oriented, to evaluate the relevance of these models
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intheir real use, and methodological, on the designand
evaluation aspects.

FLUID MECHANICS AND ENERGY
MECHANICS

The field of mechanical and energy engineering must
rapidly advance to address societal issues suchas global
warming, energy and health crises. Unprecedented
volumes of data from experiments and field measure-
ments, affordable large-scale simulations, and a wealth of
efficient numerical tools put the understanding, modeling,
optimizing, and controlling of nonlinear multiphysics
phenomena at stake within reach.

The approach of this department lies at the interface
between computer science, physics and applied mathe-
matics. We wish to preserve an equilibrium between
interdependent activities: understanding fundamental
turbulent fluid mechanics phenomena; tackle large-
scale complex multiphysics coupled problems and take
advantage of our physical knowledge while considering
data as aninherent part of modeling, experiments, and
simulations. In this context, we are very open to recent
machine learning developments which provide apowerful
information-processing framework that can augment our
current lines of research with broad-spectrum applica-
tions in the energy, transport, health and environment
sectors.

DATA SCIENCE

The Data Science department brings together 4 teams
with complementary expertise, covering the modeling,
collection, management, analysis and construction of
dataandknowledge. Digital traces of allhuman activities
are available today in all fields. The available datais often
massive, heterogeneous, dynamic and of variable quality
(the 4 Vs: Volume, Variety, Velocity, Veracity). The Data
Science departmentis therefore interestedinresponding
robustly to the challenges of the 4Vsin terms of scaling
up, with respect to data volume and velocity,and interms
of resisting biases regarding diversity and quality.

The expertise of the members of the Data Science
department covers a wide spectrum: databases, data
mining, semantic web, knowledge representation, algo-
rithmics, combinatorics, stochastic and distributed optimi-
zation,machinelearningand neuralnetworks (supervised,
unsupervised, structured), communication networks,
simulation, validation and transfer to industry.



LANGUAGE SCIENCE AND
TECHNOLOGIES

Languageisanessential vector for human communica-
tion, the recording and transmission of information and
knowledge. lts modeling and computer processing are
major challenges for the advancement of knowledge
andtechnology inafield with a strong societalimpact,
and are anintrinsic part of Artificial Intelligence.
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Transversal actions

The departments work together on five cross-cutting

actions. The aimis to develop new directions and take

advantage of the originality and diversity of the expertise

of LISN members.

» Deep Learning for Physics and Physics for
Learning.

« Computer sciences and SHS

» Artsand Sciences

- Visualization and exploration of big data
» Responsible Research
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Cooperations

Thelaboratory participatesinalarge number of national
and international projects, including those funded by
ANR, the French National Research Agency, by Digiteo
and by the European Union (in particular the KIC ICT
Labs from EIT). LISN members participate in many
editorial boards of international journals and program
committees ofinternational conferences. The laboratory
is also highly productive, with over 4000 publications
inlast five years, and is strongly involved in software
production and transfer.

LISNis amember of ED STIC, SMEMAG and SSMH
and participates in the Graduate Schools Computer
Science, Engineering and Systems and Sport, Movement
and Human Factors of the University Paris-Saclay.
LISN is also a partner in System@tic Paris Region, a

EXAMPLES OF STUDIES

The data analysis Pipeline for Dyslexia
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Final
Use Case
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Example: If | were dyslexic and
suffer from distractions in
classrooms, what tools and
strategies can | use to improve
my education?
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Interviews with
French Experts
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Results are virtually transmitted to a
database and preprocessed to have
'shown characteristics.

Example:

A Respondent

HAS Dyslexia and Dysorthographia
HAS Severe Difficulty in exams
HELPED BY Visual Aids

HELPED BY Slides/Lecture Notes

apply (g)
mask k
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Predict masked

Dimensionality and richness of graph
network grows as more sources of
data are added o the database.

Compute
recon. error

features
»

(b)

Examples
How can | measure if
modifications to the VR testing is
effective in helping students?

What tools and strategies have

been most frequently used to
cope with specific problems?

Repeat (a), (b), (c)
with mask k& + 1
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world-class competitiveness cluster with more than
200 industrial, academic and institutional members
in the area of complex software and systems. LISN
is strongly involved in the Investments for the Future
programs launchedin 2010 by the French government.
It leads the Equipex Digiscope, the Labex Digicosme,
participates to the IRT SystemX, the DatalA Institute,
the labex LASIPS, the SaclaylA research equipment
whichincludes the Lab-IA platform,managedby people
from LISN.
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Application Domains

+ Health

« Automotive,

« Bioinformatics,

+ Telecommunications,
 Transportation,

« Energy,

+ Transport,

» Bank/Finance.

The data analysis Pipeline for Dyslexia

In order to enhance anomaly detection

methods, we propose to rely on Non-Parametric
Transformers to learn to rebuild the masked
features of normal samples. This is the ffst
anomaly detection method to combine

both feature-feature and sample-sample
dependencies. It outperforms existing state-of-
the-art methods based on both the F1-Score and
AUROC on 37 datasets.




LUSIS Chair

CentraleSupélec and Lusis, a top-tier provider of high-per-
formance transactional platforms for payment systems and
financial markets, have created aresearch Chair of Artificial
Intelligence applied to fraud detection in payments and
algorithmic trading.

Launchedin 2020, the chair has focused its efforts on two
primary research axes:

+  Fraud Detectionin Credit Card Payments
«  Reinforcement learning for portfolio allocation

These two axes have one core conceptincommon, namely
time series: customer-merchantinteraction flows in the first
case, stock market quotation flows in the second case.

Sample-sample
dependencies
based methods

Specifically, we have directed our focus towards the mod-
eling of time series data using transformers. While trans-
formers are renowned for their versatility and performance,
their symmetrical architecture presents unique challenges
when applied to time series analysis, which inherently flows
in one direction. To address this, we are exploring novel
transformer-based architectures that can simultaneously
capture dependencies between features, particularly crucial
for detecting fraud and anomalies.

In the realm of the portfolio allocation problem, we focus
on DecisionTransformer-like architectures designed to
supplant traditional reinforcement learning, as well as from
contributions from statistics such as copulas.
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Reconstruction-based AD Methods

Feature-Feature
dependencies
based methods

We introduce NPT-AD (https://arxiv.org/pdf/2305.15121 pdf) as the fist anomaly detection method whichrelies.on both feature-feature
dependencies and sample-sample dependencies. NPT-AD beats all SOTA methods on 81 anomaly detection datasets.

CentraleSupélec - Université Paris-Saclay



Industrial Partners

AIRBUS,
- ATOS
- BULL
- DAIMLER
« DASSAULT
- EDF
- FACEBOOK
- IBM
« LOREAL
- LUSIS,
- MITSUBISHI
+ NOKIA
- ORANGE
« PHILIPS
- QWANT
- SAP
« SCHNEIDER
« SIREHNA
« SNCF
«  STMicroelectronics
+ SYSTRAN
- THALES
- TOTALSA..

Academic Partners

University of Vienna Austria (AU), University of Montreal (CA), Concordia University Montréal (CA), Toronto
University (CA), MacMaster University Hamilton, TU Dresden (GE) , Pisa University (IT), Milano University
(IT), University of Tokyo (JP), Kyoto University (JP), Vrije Universiteit Amsterdam (NL), ETH Zrich Switzer-
land (CH), Imperial College London (UK), University of Manchester (UK), University of Oxford (UK), Universi-
ty of California at Berkeley (US), Davis (US), San Diego (US), Santa Cruz (US), City College of New-York (US),
University of Minnesota Minneapolis (US), Stanford University (US), Universidade Federal do Rio de Janeiro

(Brazil), National institute of Informatics (Japan)...

Partnerships & Collaborations

Cap Digital, Medicen, SATT Paris-Saclay

Key figures*

» Professors, Associate Professors & Researchers 10

« PhD Students
« Publications of the year (WoS)

*CentraleSupélec only
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https://wwwlisn.upsaclay.fr/
Director: Sophie ROSSET

Qj +33(0)1691558 58
Y sophierosset@lisn.upsaclay.fr

Deputy Director: Michel
BEAUDOUIN-LAFON

@ +33(0)169156910
> michel.beaudouin-lafon@lisn.upsaclay.fr

Deputy Director: Didier LUCOR

@ +33(0)1691572 26
Y didierlucor@lisn.upsaclay.fr

‘Belvédere" Premises
Bat 507

Rue du Belvédere
91405 Orsay cedex

"Plaine" Premises

Bat 650 Ada Lovelace

1, Rue Raimond Castaing
91190 Gif-sur-Yvette

July 2024




