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Abstract

One of the objectives of this lecture is to build a bridge between probability theory and
applications. We will start from various questions, mainly related to our environment or indus-
trial questions, model them using random variables, and then use probability theory to study
them.

This lecture does not aim to be exhaustive, as probabilistic models and applications are
highly diverse, and there are numerous probabilistic methods for studying them. We will focus
on certain models of interacting particles and on the concept of propagation of chaos. We will
review some key concepts related to the convergence of processes in order to study two types
of stochastic particle systems in detail.

e Lecture 1: Models of interacting particle systems in various fields.
Exercise 1, page 10

e Lecture 2: Kac’s propagation of chaos.

Lecture 3: Convergence of stochastic processes: tightness, Aldous’ criterion, and so on.

Exercise 2, page 27

Lecture 4: Analysis of a diffusive interacting particle system.

Exercise 3, page 29
Exercise 4, page 34

Lecture 5: Analysis an interacting particle system with jumps.

Exercise 5, page 38

For students who wish to receive credit for this course, the grade is divided into two parts:

e Attendance at class sessions: 10 points per lecture (please remember to sign the attendance
sheet at each class);

e Submission of written assignments (at least 4 out of the 5 exercises): 50 points.

Assignments must be submitted by email to guerin.helene@Quqam.ca (please make sure to include
your student ID number both in your signature and in the names of your PDF files). The
deadline for submitting assignments is Tuesday, June 23, at 4:00 p.m.

Please send your solutions, in English, as PDF files, either generated from a LaTeX source file or
compiled from photos of your handwritten (legible) solutions. Only one PDF file per assignment is
allowed (so if you use photos, please combine them into a single PDF file).

The grade will primarily reflect the quality of your writing and your ideas. Therefore, do not worry
if you are unable to completely solve an exercise.

If you have any questions, please feel free to email me.
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A FEW NOTATIONS:
e X ~ u means that the random variable follows the probability distribution p: Law(X) = y;
e A and V represent, respectively, the Laplacian operator and the gradient;

e 0; and 0, denote the partial derivatives with respect to time ¢t and space x, respectively;

e the indicator function 1 4(x) = {(1) ii Z j;

e P(E) denotes the set of probability measures on a Polish space E;
e Cp(FE) denotes the space of bounded and continuous functions on E;
o (i) = [ pdp for € P(E) and ¢ a test function on E;

o ||oll, =sup,cg |¢(z)| for a function defined on E;

e |z| denotes the Euclidean norm of z € RY;

e C(R,,R%) denotes the space of continuous function defined on R, with values in R%;

e D(R,,R?) denotes the Skorokhod space, i.e. the space of cadlig functions (right-continuous
functions with left limits), defined on R, with values in RY;
e 2(t—) = lim 2(s) is the left limit of a function z € D(R,RY) in t € R,

s—t
s<t
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