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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.

1. ALK Course Title PLAME# 18 Advanced Probability
2. BiRBA #% % Department of Mathematics

Originating Department
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Course Code

4. PRFEES) Credit Value 3
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Course Type
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Semester
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' Instructor(s), Affiliation& | Jie Xiong, Chair Professor, Department of Mathematics
Contact Block 3 Room.527, Wisdom Valley

(For team teaching, please list
all instructors)
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SBRE. HESIER MA215 Probability Theory, MA301 Theory of Functions of a Real
Pre-requisites or Other . . o s
Academic Requirements Variable; MA215 #E3%16, MA301 3248 %k

SRR, HEEIMH
Courses for which this course
is a pre-requisite

HEBRBERARENZR
Cross-listing Dept.

R KB H T SYLLABUS
# % H ¥ Course Objectives

Modern probability theory is the basis of Stochastic Processes Theory, Stochastic Analysis and Financial Mathematics.
This course is designed to introduce the basic concepts and methods in modern probability theory, which will lay a solid
foundation for further study. We will discuss several important kinds of convergences and their theory, conditional
expectation and martingale method. After the study of this course, students should not only deeply understand and
master concepts and theorems in modern probability theory, but also have the ability to use them in many different
problems.
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ik % 3 R Learning Outcomes

After learning this course, students should be able

1.to deeply understand and master the basic concepts and conclusions of modern probability theory, not only
to remember these basic concepts and the basic probability laws including conditions and conclusions, but
also deeply to understand the basic principles and ideas of modern probability;

2. to fully master the four basic convergence theorems (Monotone Convergence Theorem, Fatou Lemma,

Dominated Convergence Theorem, and Bounded Convergence Theorems) and be able to apply them in
many important topics and different problems;

3. to clearly understand the probability meaning, difference, and relationships of several kind of

convergence concepts (almost everywhere convergence; convergence in measure/probability; Convergence
in Lp Norm; Weak Convergence) and be able to apply them in different problems;

4. to fully master the very important concepts of conditional expectations and conditional probabilities and
to improve the ability of solving practical problems by applying the basic probability methods of
“conditioning”.

5. to clearly understand and master the basic concepts regarding martingales including the existence,
uniqueness, properties and applications of martingales, super- and sub-martingales and be able to apply the

important martingale method in the study of modern theory of stochastic processes, stochastic analysis and
financial mathematics.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

Section 1: Independence, Expectation and Convergence (15h): Borel-Cantelli Lemma, Convergence
Theorems, Jensen’ s Inequality for Convex Functions, The Schwarz Inequality, Orthogonal Projection,
Holder from Jensen; Convergence in Probability, Weak Convergence, Convergence in Distributions,
Characteristic Functions.

Section 2: Conditional probability and conditional expectation (3h): Definition of conditional
expectation and conditional probability, Existence & Uniqueness, Properties of conditional expectation and
conditional probability, Tower Property, Some Important Inequalities.

Section 3: Martingales (12h): Definition of martingales, Properties of martingales, Super-martingales, Sub-
martingales, Examples, Convergence of martingales, Stopping times, Optional Sampling Theorem.

Section 4: Super-martingales and Sub-martingales (8h): Definitions and Properties of Super-martingales
and Sub-martingales, Examples, Doob Decomposition. Convergence of martingales, Stopping times,
Optional Sampling Theorem.

Section 5: Martingale Inequality and Martingale Convergence Theorems (8h): Uniform Integrability;
Ul Martingales; Martingale Convergence Theorems; Backwards Martingale Convergence Theorems; Strong
Law of Large Numbers; Martingale Central Limit Theorem.

Section 6: Brownian motion: Basic properties. (2h)

b B H e 2 %%k Textbook and Supplementary Readings

Textbook: Jean Jacod & Philip Protter, {Probability Essentials) , Springer-Verlag, Berlin Heidelberg.
Supplementary Readings:
1. David Williams, ,  {Probability with Martingales) , Cambridge University Press, Cambridge, 1991.
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Type of Time % of final Penalty Notes
Assessment score

H &) Attendance

WERI
Class
Performance

VNI g
Quiz

PR H Projects

SErENL 20%

Assignments

B 30%
Mid-Term Test

BRER 50%

Final Exam

HARMRE
Final
Presentation
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Others (The
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modified as
necessary)

it 4+ = GRADING SYSTEM

A. T=R%Z 4 Letter Grading
OB. =gl GE/AE) Pass/Fail Grading

2 &t REVIEW AND APPROVAL
AERRE ST U T HAENERSHRGET

This Course has been approved by the following person or committee of authority

B RWEIR S RS

Curriculum Planning and Review Committee, Department of Mathematics




