
Advan
ed Probability (M24)I. BailleulThis 
ourse aims to 
over some advan
ed topi
s at the heart of resear
h in probability theory,with an emphasis on the tools needed for the analysis of sto
hasti
 pro
esses like Brownianmotion.It will be assumed that students have some familiarity with the measure theoreti
 formulationof probability theory, at the level of the Part II(B) 
ourse Probability and Measure, or part Aof D. Williams' book.1. 'Stati
' theory of Sto
hasti
 Pro
esses
• Measure theoreti
 tools for 
onstru
tion of probabilities.a) Constru
tion of measures.b) Good modi�
ations. Appli
ation: 
onstru
tion of Wiener measure and Brownian mo-tion.
• Weak 
onvergen
e in separable Bana
h spa
es:a) Finite dimensional theory (
hara
teristi
 fun
tions, Lévy's 
ontinuity theorem).b) In�nite dimensional theory: Prohorov's theorem, 
ouplings.
) Appli
ation: Donsker's invarian
e prin
iple.2. Dynami
 theory of Sto
hasti
 Pro
esses
• Conditional expe
tation (appli
ation to su�
ient statisti
s).
• Dynami
s and �ltrations, stopping times.
• Martingales: a) Dis
rete time theory, b) Appli
ations: Radon-Nikodym theorem, 
hangesof measure, a glimpse at 
on
entration of measure phenomenon, 
) Continuous time theory.3. Brownian motion and Lévy pro
esses
• Distributional and sample paths properties of Brownian motion.
• Martingales and strong Markov property (appli
ation to Diri
hlet problem).
• Lévy pro
esses: integral with respe
t to a random Poisson measure, Lévy-Khin
hin stru
-ture theorem.Appropriate books • L.C.G. Rogers and D. Williams, Di�usions, Markov pro
esses andMartingales, Vol. 1 (2nd edition). Chapters I and II. Wiley 1994

• K.L. Chung, Green, Brown and Probability & Brownian motion on the line. World S
ienti�
2002.
• D. Williams, Probability with Martingales. C.U.P. 1991
• O. Kallenberg, Foundations of Modern Probability. Chapters 1-3, 6, 7, 16. Springer 1997(...) and many others whi
h I will mention along the 
ourse.1


