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Project ID

52119

Project Title

Computational Optimal Transport

University and campus

Université du Québec a Montréal - Montréal

Project status

Submitted

Number of openings

1

Preferred Student's Academic Background

Mathematics, Computer Science

Preferred internship start date

2027-05-02

Start Date is Flexible

Yes

Languages

Either English or French

Does this project pertain to quantum
sciences?

No

If the project requires that the intern speaks a language in addition to English or French in
order to conduct the research, please specify the language(s):

Please provide a brief description of your
specialized research area (in English):

Please provide a brief description of your
specialized research area (in French):

As described on my page
https://freakonometrics.github.io/, the
themes addressed in the work of students
under my supervision are primarily focused
on understanding and modeling risks, and
actuarial models (or predictive models, more
generally). Applications range from modeling
climate risks to analyzing discrimination and
fairness. The models are primarily
mathematical and require a solid foundation
in mathematics, statistics, game theory,
probability, or quantitative economics.

Comme je I'explique sur ma page
https://freakonometrics.github.io/, les themes
abordés dans les travaux des étudiants que je
supervise portent principalement sur la
compréhension et la modélisation des risques,
ainsi que sur les modeles actuariels (ou, plus
généralement, les modeéles prédictifs). Les
applications vont de la modélisation des
risques climatiques a I'analyse de la
discrimination et de I'équité. Ces modéles sont
essentiellement mathématiques et requiéerent
de solides bases en mathématiques, en
statistiques, en théorie des jeux, en
probabilités ou en économie quantitative.




Please provide a brief description of the
research project (in English):

Please provide a brief description of the
research project (in French):

Optimal transport is a mathematical
framework for comparing, interpolating, and
moving probability distributions. It is now
used in many areas, including machine
learning, image processing, statistics, data
geometry, and numerical modeling.

The goal of this internship will be to study
and implement several numerical methods
for optimal transport, with a particular focus
on settings in dimension greater than 2,
where classical approaches quickly become
computationally expensive. The intern will
first become familiar with the fundamental
concepts of optimal transport, then explore
several computational approaches suitable
for higher-dimensional problems, such as
entropic regularization and the Sinkhorn
algorithm, projection-based methods,
discrete formulations, and approximate or
stochastic approaches.

A significant part of the work will involve
programming these methods, comparing
them experimentally, and analyzing their
performance in terms of accuracy, stability,
and computational cost. The internship will
also focus on the computation of Wasserstein
barycenters, which define a geometric mean
between several distributions, with possible
applications to the interpolation of shapes,
measures, or data.

This internship is intended for a student with
an interest in applied mathematics and
scientific computing, as well as programming
experience.

Le transport optimal est un cadre
mathématique permettant de comparer,
interpoler et déplacer des distributions de
probabilité. Il intervient aujourd’hui dans de
nombreux domaines, notamment
I'apprentissage automatique, le traitement
d’images, les statistiques, la géométrie des
données et la modélisation numérique.
L'objectif de ce stage sera d’étudier et de
mettre en ceuvre différentes méthodes
numériques de transport optimal, avec un
accent particulier sur les situations en
dimension supérieure a 2, ou les approches
classiques deviennent rapidement co(iteuses.
Le ou la stagiaire commencera par se
familiariser avec les notions fondamentales du
transport optimal, puis explorera plusieurs
approches computationnelles adaptées aux
grandes dimensions : régularisation entropique
et algorithme de Sinkhorn, méthodes par
projections, formulations discrétes, ou encore
approches approchées et stochastiques.

Une partie importante du travail consistera a
programmer ces méthodes, a les comparer
expérimentalement et a analyser leurs
performances en termes de précision, de
stabilité et de temps de calcul. Le stage portera
également sur le calcul de barycentres de
Wasserstein, qui permettent de définir une
moyenne géométrique entre plusieurs
distributions, avec des applications possibles a
I'interpolation de formes, de mesures ou de
données.

Ce stage s’adresse a un étudiant ou une
étudiante ayant un go(it pour les
mathématiques appliquées et le calcul
scientifique, ainsi qu’une expérience de
programmation.

Please describe the required
skills/background of the student (in English):

Please describe the required skills/background
of the student (in French):

As mentioned previously, the student will
need to have a strong foundation in
mathematics, statistics, game theory,

Comme mentionné précédemment, I'étudiant
devra posséder de solides bases en
mathématiques, statistiques, théorie des jeux,




probability, programming, or quantitative
economics. The direction of the topic will be
tailored to take into account the student's
strengths. The student must be able to read
scientific literature in English.

probabilités, programmation ou économie
quantitative. L'orientation du sujet sera
adaptée en fonction des points forts de
I'étudiant. L'étudiant doit étre capable de lire
la littérature scientifique en anglais.

Please describe the required role of the
student (in English):

Please describe the required role of the
student (in French):

The student will have the option to:

(1) conduct a scientific literature review on a
specific field

(2) work on a theoretical paper related to
those issues

L'étudiant(e) aura la possibilité de :

(1) mener une revue de la littérature
scientifique dans un domaine spécifique

(2) travailler sur un article théorique lié a ces
questions

Activities

Please indicate how frequently the Globalink Research Intern will be engaged in the following

activities during their research internship:

Analyzing data or information:

Occasionally

Conducting surveys or administering questionnaires:

Almost never

Conducting interviews:

Almost never

Creating drawings, models, or designs:

Occasionally

Gathering information from archives, published works, documents, or recordings:

Almost never

Making observations outside of a laboratory or controlled environment:

Almost never

Performing controlled experiments:

Almost never

Programming, scripting, or coding:

Very often

Reading research literature:




Very often

Solving mathematical problems:

Always

Using hand or machine tools, laboratory equipment, or scientific instruments:

Never

Writing reports:

Often

Meeting or discussing with the supervisor:

Occasionally

Working on tasks that require teamwork:

Occasionally

Does this project involve or impact Indigenous communities/organizations, Indigenous research
participants or Indigenous or Traditional Knowledge/language/cultural heritage?

No




Additional Project Information

Host Province

Québec

Host University

Université du Québec a Montréal

Host Campus

Montréal

201 avenue president kennedy

Address

City Montreal
Postal Code H2X 3v7
Province Québec
Building PK
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