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THe CENTRE DE RECHERCHES MATHEMATIQUES (CRM) is the
largest research centre in Québec and one of the most
important mathematics research centres in the world.
The CRM was created in 1968 at the Université de
Montréal and gathers all the stakeholders in mathematical
research at Québec universities and some other Canadian
universities. The CRM organizes events attended by
researchers from all over the globe and representing
all mathematical disciplines. The CRM focuses on pure
and applied mathematics in all areas of human activity,
for instance theoretical physics, brain and molecular
imaging, quantum information, statistics, and genomics.
Indeed mathematics is both the first science and the
servant of experimental science, which draws upon its

new concepts, its language, and its methods.
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A BIRD EYE’S VIEW OF THE CRM

THE CRM MEMBERS BELONG

TO TEN LABORATORIES

CORRESPONDING TO SPECIFIC
MATHEMATICAL DISCIPLINES

AND INCLUDING RESEARCHERS

FROM SEVERAL UNIVERSITIES.

THE CRM HAS MANY DIVERSE PROGRAMS,

HERE IS AN OVERVIEW OF THESE PROGRAMS.

Floer Theor

Centre de reche
Montréal, Cana

Thematic Program

Each semester the CRM chooses

a topic at the forefront of
mathematical research (in pure or
applied mathematics) and organizes
workshops and lectures on this topic.

Aisenstadt Chairs

World-renowned mathematicians
are invited to give the Aisenstadt
Chair lectures, which are usually
related to the thematic program
of the current semester.

General Program

The CRM organizes and supports
financially workshops and
conferences in all fields of
mathematics.

Multidisciplinary
and industrial program

Mathematics are used in all of the
sciences and the CRM organizes or
supports numerous activities re-
lated to non-mathematical sciences
and problems arising in industrial,
governmental, or medical settings.

Industrial Problem
Solving Workshops

Every two years the CRM organizes
an Industrial Problem Solving
Workshop in order to help solve
problems brought forth by
companies or public or non-profit
organizations.

New Perspectives E}I?_d tiihallenge;s in
A Lonterence 1n Hono

SMS Summer School

This summer school goes back to
1962 and was financed by NATO
over a long period of time. Initially it
was organized by the Deparment of
Mathematics and Statistics of the
Université de Montréal but it is now
organized jointly by that department
and the CRM. It is one of the oldest
and most important scientific
schools in the world.

Prizes

The CRM awards prizes either on
its own or in collaboration with
other mathematical institutes and
professional associations such as
the Statistical Society of Canada
and the Canadian Association of
Physicists. In particular the CRM,
the Fields Institute, and PIMS jointly
award the most important Canadian
mathematical prize.



Postdoctoral Scholarships

The CRM runs a prestigious program
of postdoctoral fellowships in collab-
oration with the Institut des sciences
mathématiques (ISM). This program
enables young researchers from all
over the world to come to the CRM
and work with CRM members.

| P4 LR

The “Grandes conférences
du CRM”

The Grandes Conférences du CRM
are lectures geared towards a
broad audience and allow the CRM
to present to the public the latest
advances in mathematics. One goal
of these lectures is to develop the
scientific culture of the community.

Publications

The CRM is responsible for some
collections published by Springer
and the American Mathematical
Society. It also publishes mono-
graphs, proceedings, lecture notes,
software, and videos.

Colloquia

The CRM organizes the
CRM-ISM Mathematics
Colloguium and the
CRM-ISM-GERAD Statistics
Colloguium. These are weekly
colloquia and feature world-
renowned mathematicians and
statisticians who come to Montréal
to present their most recent work.

Mathematics
of Planet Earth 2013

The CRM has proposed a wide-
ranging program on the Mathematics
of Planet Earth, which has been
embraced by the most prestigious
mathematics institutes in the world.




THE CRM THEMATIC
PROGRAM

EACH YEAR OR EACH SEMESTER,
THE CRM ORGANIZES
ACTIVITIES RELATED TO

A TOPIC AT THE LEADING EDGE

OF THE MATHEMATICAL SCIENCES.

Each year or each semester, the CRM
organizes activities related to a
topic at the leading edge of the
mathematical sciences.

These activities include workshops,
Aisenstadt Chair lectures, and summer
schools. They attract hundreds of
mathematicians from all over the
world and postdoctoral fellowships
are offered to young researchers

in order to foster collaborations
between them and the CRM
members. Here are some instances
of recent thematic programs.

In 2008-2009 the CRM organized
a thematic year on probabilistic
methods in mathematical physics.
The program included 10 work-
shops and three series of lectures
by Aisenstadt Chairholders (among
whom two had been awarded the

Fields medal, the equivalent of the
Nobel Prize for mathematics).

Many CRM activities pertain to
applications of mathematics. The
Fall 2009 semester was devoted to
medical imaging (used by medical
investigators) and quantum imaging
(used by researchers in chemistry).

The topics of the first and second
semesters of 2010 were respec-
tively number theory and group
theory, two branches of pure
mathematics that now have many
applications in cryptography and
theoretical computer science.

The Winter 2011 semester was
devoted to statistics and consisted
of 7 workshops, in particular work-
shops on meteorology, genomics,
and health research.

The Spiral Galaxy

The Spinning Electron
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THE CRM LABORATORIES

AS WELL AS ORGANIZING MANY

ACTIVITIES THAT ARE INTERNATIONAL

IN SCOPE, THE CRM BRINGS STRUCTURE TO
THE RESEARCH CARRIED OUT BY

QUEBEC MATHEMATICIANS.

ALMOST ALL QUEBEC RESEARCHERS

IN MATHEMATICS BELONG

TO AT LEAST ONE CRM LABORATORY.

The members of the CRM
Analysis Laboratory specialize
in a field that is both classical
and at the centre of modern
mathematics.

The members of CICMA
(Interuniversity Centre in Algebraic
Computation) specialize in algebraic
number theory, analytic number
theory, group theory, and
moonshine.

The members of CIRGET
(Interuniversity Research Centre
in Geometry and Topology) are
experts in differential geometry,
topology, algebraic geometry, and
geometric group theory.

RESEARCHERS
WORKING IN ALL AREAS
OF MATHEMATICGS

Z2m0
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The GIREF (Interdisciplinary
Research Group in Finite Element
Methods) is based at Université
Laval in Québec City and its
researchers specialize in numerical
modelling and simulation and
numerical methods, in particular
for solving industrial problems.

The INTRIQ (Interdisciplinary
Institute for Quantum Computing)
is an association of researchers who
use quantum mechanics in order to
solve in novel ways problems arising
in computer science and informa-
tion theory.

The LaCIM (Laboratory of
Combinatorics and Mathematical
Informatics) was created in 1982
and is based at UQAM. Its members
specialize in enumerative combi-
natorics, algebraic combinatorics,
bioinformatics, and mathematical
aspects of computer science.

The Applied Mathematics
Laboratory gathers researchers
interested in applications of
mathematics (to mechanics of
fluids and solids, physics, biology,
etc.). Its members use a broad
variety of tools, especially tools
from optimization, numerical
analysis, and dynamical systems.



Ever since the CRM was founded,
the Mathematical Physics group
has been one of its strongest
research associations. The math-
ematicians in the Mathematical
Physics Laboratory conduct
research in the most up-to-date
areas of their field (especially
classical and quantum integrable
systems, random matrices, conformal
field theory, percolation, the spectral
theory of Schrédinger operators,
and the study of symmetry in
difference equations).

The PhysNum Laboratory (where
“PhysNum” stands for “Numerical
Physics”) gathers researchers
working in medical imaging and
pharmacokinetics. Among specific
research topics let us mention
cerebral activation networks,

NUMERICAL METHODS
m

haemodynamics responses in
optical imaging, inverse problems
and wavelets, seizure prediction
for epileptic patients with implants,
metrics to evaluate the clinical
impact of variable drug intake
behaviour, and pharmacometrics.

The CRM Statistics Laboratory
gathers statisticians who are leaders
in their respective research areas
and work in such branches of statis-
tics as statistical learning and neural
networks, survey methodology,
functional data analysis, statistical
image analysis, dependence struc-
tures, Bayesian analysis, time series
and financial data analysis, and
resampling methods.




THE CRM MULTIDISCIPLINARY
AND INDUSTRIAL PROGRAM
AMONG MEMBERS OF THE CRM

ONE FINDS RESEARCHERS

FROM OTHER DISCIPLINES

WHO USE MATHEMATICS

AND APPRECIATE ITS

CONTRIBUTION TO

OTHER RESEARCH FIELDS.

One of these researchers is
André Bandrauk, who holds

the Canada Research Chair in
Computational Chemistry and
Molecular Photonics at the
Université de Sherbrooke. He

has just been named an Officer

of the Order of Canada.

Yoshua Bengio and Gilles
Brassard, both professors at the
Université de Montréal, are the
respective holders of the Canada
Research Chair in Statistical
Learning and the Canada Research
Chair in Quantum Informatics. In
2009 Gilles Brassard received the
Gerhard Herzberg Canada Gold
Medal for Science and Engineering
(the highest NSERC award).

Since 2007 the CRM has been
organizing Industrial Problem
Solving Workshops. Companies

or other institutions are invited

to submit problems that are then
modelled, studied, or completely
solved by teams consisting of
Montréal professors, experts from
other cities or countries, and students.
These workshops are “incubators”
of collaborations between universities
and enterprises.

RELATIONS WI'TH
OTHER FIELDS

FOR SOLVING PROBLEMS

THE AUGUST 2011 INDUSTRIAL PROBLEM WORKSHOP ENABLED US TO
ESENT A FRAMEWORK FOR ESTIMATING THE WIND RESOURCE OF AN AEOLIAN
ARM TO A TEAM CONSISTING OF UNIVERSITY RESEARCHERS AND STUDENTS
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FROM THREE UNIVERSITIES. COLLECTIVELY THE TEAM MEMBERS HAD EXPERTISE
IN STATISTICS, MATHEMATICS, AND PHYSICS. THEY EXAMINED THE CURRENT
METHODOLOGY IN DETAIL AND PROPOSED NEW AND ORIGINAL SOLUTIONS FOR
THIS CONCRETE ENGINEERING PROBLEM (A VERY IMPORTANT ONE WITHIN OUR
INDUSTRY). THE WEEK UNFOLDED IN A VERY FRIENDLY ATMOSPHERE AND THE
TEAM WORK WAS PRODUCTIVE AND SUCCESSFUL. ALSO WE HAD A GREAT
OPPORTUNITY TO LEARN ABOUT AND DISCUSS THE'PROBLEMS EXAMINED

BY THE OTHER TEAMS.

WE ARE GRATEFUL TO THE CRM FOR HAVING ORGANIZED AN INDUSTRIAL
PROBLEM SOLVING \WWORKSHOP. WE HAVE MUCH APPRECIATED TAKING PART
IN THE WORKSHOP AND IT HAS ALLOWED KNOWLEDGE TO BE EXCHANGE
BETWEEN INDUSTRIAL AND ACADEMIC REPRESENTATIVES. IN SUM \4
A GREAT EXPERIMENT IN INDUSTRY-UNIVERSITY COLLABORATION.

AS

Michel Carreau, Hatch
Hatch is a professional services firm that delivers a comprehensive
array of services to the Mining, Metallurgical, and Energy sectors.



AndréBandrauk 4 4 Yoshua :- i Gilles Brassard

IN 2009 WE WERE TRYING TO DESIGN A METHOD FOR OPTIMIZING

MIC TRANSFER LIMITS IN THE HYDRO-QUEBEC/ TRANSENERGIE HIGH
TENSION NETWORK. THE WORKSHOP ALLOWED US, WITH THE HELP OF A
PROFESSOR AND SOME STUDENTS, TO BUILD AN ABSTRACT MODEL OF OUR
PROBLEM AND FIND OPTIMIZATION METHODS FOR SOLVING IT. AT THE END
OF THE WEEK A HEURISTIC ALGORITHM HAD BEEN PROPOSED AND TWO OF
THE STUDENTS WERE ALREADY WORKING ON ITS IMPLEMENTATION. THEY WERE
INTERESTED IN PURSUING THEIR WORK AND GAVE US A PROTOTYPE OF THE
SOFTWARE WE NEEDED. THE SOLUTION IMPLEMENTED AT TRANSENERGIE IN
2010 GREW DIRECTLY OUT OF THIS PROTOTYPE AND IS NOW A BASIC TOOL FOR
THE ENGINEERS WHO DESIGN THE NETWORK EXPLOITATION STRATEGIES. THE
WORKSHOP ENABLED US TO MAKE RAPID PROGRESS AND HAVE STIMULATING
EXCHANGES WITH ACADEMIC RESEARCHERS, IN A RELAXED ATMOSPHERE.
OUR EXPERIENCE WAS AS USEFUL AS IT WASBAEASANT. WE ARE VERY HAPPY
TO HAVE TAKEN PART IN SUCH A WORKSHOP.

Jean-Claude Rizzi and Guy Vanier
Electrical Networks and Mathematics
IREQ, Hydro-Québec Research Institute
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THE SMS

SUMMER SCHOOL
AND POSTDOCTORAL
FELLOWSHIPS

The SMS Summer School
(Séminaire de mathématiques
supérieures)

This summer school in pure and
applied mathematics has been held
for 50 years on the campus of the
Université de Montréal. Each SMS is
devoted to a topic at the forefront
of mathematical research and gath-
ers lecturers of the highest calibre
and students from all over the
world. These students are mostly
graduate students completing

their studies. The summer school
consists of around 12 minicourses
(each of which lasting 5 hours).

The SMS school was created at
the request of the Department of
Mathematics and Statistics of the
Université de Montréal and was
originally financed by NATO. Since
2011 the school's principal partner
is the CRM but it is also supported
by the other Canadian mathemati-
cal institutes (the Fields Institute
and the PIMS) and by the MSRI
(Berkeley, California).

GRADUATE TRAINING
AND POSTDOCTORAL
FELLOWSHIPS

Z2=0

L nato Renner
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Postdoctoral Fellowships

The CRM-ISM Postdoctoral
Fellowships are very prestigious and
selective and they are awarded to
carefully chosen researchers. The

FROM 2006 TO 2009 | WAS A CRM-ISM
POSTDOCTORAL RESEARCHER AT THE CENTRE
DE RECHERCHES MATHEMATIQUES.
THESE TWO YEARS WERE THE MOST PRODUCTIVE
ONES FOR MY RESEARCH. THIS WAS SO
BECAUSE | COULD DEVOTE MYSELF ENTIRELY
TO MY RESEARCH AND ALSO BECAUSE MANY

competition is open to promising
researchers from all parts of the
world who have obtained recently
(or are about to obtain) a doctorate
in mathematics. The fellowships are
awarded for two years and are
financed jointly by the CRM, the
ISM, and the CRM laboratories.
The CRM also finances up to 50%
of the cost of the postdoctoral
fellowships associated with
thematic semesters.

PROFESSORS, POSTDOCTORAL FELLOWS,
AND VISITORS WERE AVAILABLE FOR FRUITFUL
EXCHANGES. THE UNIQUE MONTREAL
ATMOSPHERE AND THE FRIENDLY
ENVIRONMENT PROVIDED BY MY

RESEARCH GROUP MADE MY STAY

IN MONTREAL A VERY.

PLEASANT ONE.

Stefan Fried|
University of Cologne

y I\/\il]%n BrakoC2vigh

g B

My CRM POSTDOCTORAL FELLOWSHIP
INTRODUCED ME INTO THE MONTREAL
“ARITHMETICAL” COMMUNITY AND AN
EVEN LARGER COMMUNITY (THANKS TO
THE 2005-2006 THEMATIC YEAR ON
ANALYSIS IN NUMBER THEORY). THE
CONTACTS THAT STARTED DURING THE
THEMATIC YEAR ARE VERY IMPORTANT
FOR ME AND MOST OF MY CURRENT
PROJECTS AND COLLABORATIONS
ORIGINATED DURING MY TIME AS
POSTDOCTORAL FELLOW.

¥

Pierre Charollois
Université Pierre et Marie Curie




THE “GRANDES

CONFERENCES

pu CRM”

DELIVERED BY SCIENTISTS RENOWNED
FOR THEIR COMMUNICATION SKILLS,

THE “GRANDES CONFERENCES DU CRM”
ARE GEARED TOWARDS A PUBLIC EAGER
TO UNDERSTAND THE MOST STRIKING
DEVELOPMENTS IN THE

MATHEMATICAL SCIENCES.

Cédric Villani

While addressing varied topics
(cryptography, quantum information,
chaos in weather systems or financial
systems, brain imaging, and
biotechnology), these lectures all
aim to reveal to a broad audience
the beauty and power of cutting-
edge mathematical research. Here
are short descriptions of some of
these lectures.

The butterfly effect

The flutter of a butterfly’s wings in
Brazil may trigger a snow storm in
Montréal. This statement captures
vividly the consequences of chaos
theory. Have mathematics lost their
predictive power? Etienne Ghys
(from the Ecole Normale Supérieure
de Lyon) answered this question

by using concrete examples such

as the Lorenz Water Wheel and by
explaining the power of probabilistic
predictions. We were not surprised
when Le Devoir (a daily newspa-
per) devoted its front page to the
lecture by Etienne Ghysl!



The end of the solar system? The laws of disorder

Is a collision between two planets
possible? By recalling the efforts
made by scientists since Antiquity
to answer that question, Jacques
Laskar (from the Observatoire de
Paris) summed up our knowledge
about the stability of the solar
system. What may we conclude?
Yes, a collision between Mercury
and Venus seems possible. Fortu-
nately the probability of such an
event (at least within our lifetime)
is very small. New simulations by
Jacques Laskar, carried out after
his lecture at the Université de
Montréal, have shown that the
Earth itself is not immune from

a collision with one of the internal
planets.
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Can mathematical rules describe
the disordered motion of molecules
jostling together or the percolation
of run off water through the soil?
The “Grande Conférence” by Yvan
Saint-Aubin (from the Université
de Montréal) addressed this topic
while following an (almost) unpre-
dictable path going from the efforts
of Robert Brown (a biologist) to
recent advances rewarded by a
Fields medal (in 2006). The path
also included an excursion through
the paintings of Jackson Pollock.

A struggle between titans

In the XIXth century two great
British scientists, Charles Darwin
and Lord Kelvin, computed the age
of the earth. Their conclusions,
however, were incompatible. At the
time British society followed this
debate with passion. The “Grande
Conférence” by Cédric Villani (who
received a Fields medal in 2010)
was a survey of attempts to
compute the age of the Earth,

a sweeping portrait starting with
the oldest documents (e.g.,

the Book of Genesis in the

Old Testament) and ending

with recent advances.

Those mathematics
have momentum!

Science often gives an edge to
top-notch athletes. Can mathematics
help golfers too? In his “Grande 13
Conférence” Doug Arnold (from the

University of Minnesota) surveyed

efforts at devising mathematical

models of golf, including the golfer’s

motion, the impact of the golf club

on the ball, the ball's motion, and

finally the optimization of the ball

surface.
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ACCROMATH Accromath is a semi-annual

AND THE CR

M Magazine produced by the ISM
and the CRM. The magazine is

PUBLICATIONS st ibuted free of charge in the

high schools and junior colleges of
Québec, as well as in foreign coun-
tries. It is mostly geared towards
students and teachers in those
institutions. On June 15, 2012,
Accromath was awarded the
Anatole Decerf Prize, a prize that
is given every two years by the
Société mathématique de France
and the Fondation de France to
reward exceptional works of popu-

larization or mathematical pedagogy.

The panel members stressed the
high quality of Accromath, from both
the scientific and pedagogic points
of view. This event marked the first
time that the Anatole Decerf Prize
had been awarded to a team not
based in France.

WORLD-CLASS
PUBLICATIONS

AND OUTREACH TO BUDDING SCIENTISTS

Here are a few of the prizes
awarded to Accromath.
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Les mathématiques au théatre | France Caron

The American Mathematical Society
(AMS) has been publishing and
distributing two collections of the
CRM since 1992, namely the

CRM Monograph Series and the
CRM Proceedings and Lecture 15
Notes. These collections include

works by prominent mathematicians,

some of them Fields medallists.

On the other hand Springer

publishes and distributes the

CRM Series in Mathematical

Physics and includes some CRM

titles in the collection Lecture

Notes in Statistics. Moreover

the CRM publishes and distributes

monographs, proceedings, lecture

notes, software, and videos

(in French or English).

Le professeur Léleve
Vous savez bien compter? Jusqu'a combien Euh .. trois ou quatre? Quel est le plus
savez-vous compter? grand? Le plus grand de trois ou quatre?
Dans quel sens le plus grand?

Z2=0

L'éleve
Je puis compter ..  linfini. Le professeur

II'y a des nombres plus petits et d‘autres
plus grands. Dans les nombres plus grands
il y  plus d'unités que dans les petits.

Le professeur
Cela n'est pas possible, Mademoiselle.

Léleve T
Alors, mettons jusqu's

CREHS|E0 - Que dans les petits nombres?
Le professeur
Cela suffit. Il faut savoir se limiter. Comptez

don, sl vous plait, je vous en prie.

Le professeur

A mains que les petits aient des unités plus
petites. Si elles sont toutes petites, il se
Léleve peut quil y ait plus d'unités dans les petits
Un .., deux... et puis aprés deux, il y a trois nombres que dans les grands ... sl s'agit
quatre dautres unités

Le professeur Léleve
Arrétez-vous, Mademoisclle. Quel nombre ~ Dans ce cas, les petits nombres peuvent étre
est plus grand? Trois ou quatre? plus grands que les grands nombres?

Le professeur
Laissons cela. Ga nous ménerait beaucoup
trop loin: sachez seulement quil n'y
a pas que des nombres .. il y a aussi
des grandeurs, des sommes, il y a des
groupes, il y a des tas, des tas de choses
telles que les prunes, les wagons, les oies,
les pépins, etc. Supposons simplement, pour
faciliter notre travail, que nous n'avons que
des nombres égaux, les plus grands seront
ceux qui auront le plus d'unités égales.

L'éleve
Celui qui en aura le plus sera le plus grand?
Ah, je comprends, Monsieur, vous identifiez
la qualité 4 la quantité
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MATHEMATICS
OF PLANET EARTH 2013

THE CRM PROPOSED
THE PROGRAM MATHEMATICS

OF PLANET EARTH 20713,

WHICH NOW INVOLVES AROUND

100 ORGANIZATIONS FROM

ALL OVER THE WORLD AND IS ONE OF

THE GREATEST SCIENTIFIC ENTERPRISES

OF THE BEGINNING

OF THE XXI°T CENTURY.

This program includes the following
four themes.

- A planet to discover
oceans, meteorology and climate,
mantle processes, natural
resources, celestial mechanics

- A planet supporting life
ecology, biodiversity, evolution

- A planet organized by humans
political, economic, social, and
financial systems; organization
of transport and communications
networks; management of
resources; energy

- A planet at risk
climate change, sustainable

development, epidemics, invasive
species, natural disasters

The Centre National de la
Recherche Scientifique (CNRS),
a French institution, recently
created an Unité Mixte Interna-
tionale at the CRM. This unit will
foster and focus the many relation-
ships that already exist between
mathematicians from France and
Québec. Professor Laurent
Habsieger is the new director of
the Unité Mixte Internationale.

Laurent Habsieger
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