
Stochastic Models
BA915/MATH742/STA715

Fall 2022

Instructor: Alessandro Arlotto
Office: W311, Fuqua
Email: aa249@duke.edu

Course description

Mathematical models based on probability theory prove to be extremely useful in describing
and analyzing complex systems that exhibit random components. The goal of this course is to
introduce several classes of stochastic processes, analyze their behavior over a finite or infinite
time horizon, and help students enhance their problem solving skills.

The course combines classic topics such as martingales, Markov chains, renewal processes,
and queuing systems with approaches based on Stein’s method and on concentration inequalities.
The course focuses mostly on discrete-time models and explores a number of applications in
operations research, finance, and engineering.

The course is directed towards graduate students who have a mathematically rigorous interest
in stochastic processes and stochastic modelling. Well-prepared undergraduate students who
wish to enroll in the course may do so pending successful completion of the procedure required
by Trinity College.

Prerequisites

A good, calculus-based course in probability, and a course in linear algebra that includes eigenvalues
and eigenvectors. Measure theory is not a prerequisite and will not be a focus of the course. A
few measure-theoretic results will be introduced as needed.

Textbooks

We will mostly follow the textbook below. Additional hand-outs will be distributed as needed.

• S.M. Ross and E.A. Peköz, A second course in probability, www.probabilitybookstore.com,
Boston, MA, 2007.

The following textbooks are good alternative resources.

• S.M. Ross, Stochastic processes, John Wiley & Sons, Inc., New York, second edition, 1996
(same level).
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• G.R. Grimmett and D.R. Stirzaker, Probability and random processes, Oxford University Press,
New York, third edition, 2001, (same level).

• G.F. Lawler, Introduction to stochastic processes, Chapman & Hall/CRC, Boca Raton, FL,
second edition, 2006, (same level).

• D. Williams, Probability with martingales, Cambridge University Press, Cambridge, 1991,
(higher level).

Evaluation

Course grades will be determined by class participation (5%), weekly/biweekly homeworks
(45%), and a take-home final exam (50%).

Tentative schedule of topics

The following is a tentative list of topics that I plan to cover during the course.

1. Preliminaries

• Expectation and integration

• Almost sure convergence and the dominated convergence theorem

• Convergence in probability and in distribution

• The law of large number and the ergodic theorem

2. Stein’s method and central limit theorems

• Coupling

• Poisson approximation and Le Cam’s theorem

• The Stein-Chen method

• Stein’s method for the geometric and the normal distribution

3. Conditional expectation and martingales

• Conditional expectation

• Martingales

• The martingale stopping theorem

• The Hoeffding-Azuma inequality

• The martingale convergence theorem

• Uniform integrability

4. Probability inequalities

• Jensen’s inequality

• Probability bounds via the importance sampling identity

• Chernoff bounds
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• Second moment and conditional expectation inequalities

5. Discrete-time Markov chains

• Chapman-Kolmogorov equations and classification of states
• The strong Markov property
• Stationary and limiting distributions
• Transition among classes, the gambler’s ruin problem, and mean times in transient

states
• Branching processes
• Time reversibility

6. Renewal theory

• Limit theorems
• Renewal reward processes
• Blackwell’s theorem

7. Queuing theory

• The Poisson process
• Queuing systems: M/M/1, M/G/1, G/M/1, and G/G/1

Miscellaneous

• Schedule changes. There will be no class on November 1. Additional schedule changes
will be discussed during the term.

• Class meets on Tuesdays from 3:30pm to 6:30pm in the Berntsen Classroom at Fuqua.
Class times are longer than usual. In this way, we will accommodate schedule changes
without having to add additional times. We will have one 15-minute break during each
class.

• Fuqua Berntsen Classroom is a lovely space, but it may be a bit difficult to find. Make sure
to allow plenty of time to get there before the beginning of the first class.

• You are encouraged to discuss the homework problems and solutions with your classmates.
However, each student has to submit his/her solutions individually. In particular, you may
not copy your classmate’s work.

• Office hours. Catch me after class or email me to set-up a time.

Academic integrity

Duke University, as a community of scholars, strongly relies upon the standard of academic
integrity. Plagiarism and other forms of academic dishonesty represent a corruption of this
integrity and, as such, cannot be tolerated. Ignorance of what constitutes academic dishonesty is
no excuse for actions which violate the integrity of the community. In a community that builds
on the notion of academic integrity, the threat of academic dishonesty represents an intolerable
risk.
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