
MATH 6339 Advance topics in statistics 

Introduction to Markov chains 

 

Fall 2017-18 

Instructor: Mohamed I. Riffi 

Office: C729 

Phone: 059 970447 

Email: riffim@iugaza.edu.ps 

Office hours: Sunday/Tuesday 11:00am-12:00pm or by an appointment. 

Class schedule: Saturday 13:00-16:00pm, C708 or Wednesday 13:00-16:00pm, C703. 

Textbook: Gregory F. Lawler, Introduction to Stochastic Processes, 2nd edi�on. 

From the Google Books review: This concise, informal introduction to stochastic 

processes evolving with time was designed to meet the needs of graduate students 

not only in mathematics and statistics, but in the many fields in which the concepts 

presented are important, including computer science, economics, business, 

biological science, psychology, and engineering.  With emphasis on fundamental 

mathematical ideas rather than proofs or detailed applications.  Introduction to 

Stochastic Processes is ideal for a first course in stochastic processes without 

measure theory, requiring only a calculus-based undergraduate probability course 

and a course in linear algebra. 

Syllabus: 

We plan to cover the following topics from the textbook: 

1. Finite Markov chains (Chapter 0 and Chapter 1), 

2. Countable Markov chains (Chapter 2), 

3. Con�nuous-�me Markov chains (Chapter 3), 

4. Mar�ngales (Chapter 5). 

 

Course Objectives: 

Chapters 0 and 1 (Finite Markov chains): 

1. Introduce the concept of a stochas�c process in discrete �me.  Discuss basic 

differences between i.i.d. sequences and Markov chains. 

2. Discuss fundamental role of finite-state chains both as a basis for the general 

theory of Markov chains and in applications. 



3. Introduce transi�on matrix and discuss the rela�on between its proper�es (in 

particular, the size of eigenvalues) to the long-term behavior of the Markov chain. 

4. Classifica�on of Markov chains, irreducibility, recurrence, aperiodicity. 

5. Long-term behavior of Markov chains: stationarity, convergence to equilibrium, 

Doeblin's cycles and strong Markov property, occupation times, law of large 

numbers, ergodicity. 

6. Elements of the poten�al theory, recurrence equa�ons and their solu�ons. 

Chapter 2 (Countable Markov chains): 

1. Long-term behavior.  Null recurrence.  Non-compactness of the transition kernel. 

2. Elements of the poten�al theory for countable chains. 

3. Random walk on integers. 

4. Branching processes and their basic classifica�on (subcritical, critical, 

supercritical).  Generating functions technique.  First example of martingales. 

Chapter 3 (Con�nuous-time Markov chains): 

1. Construc�on of the Poisson process. 

2. Finite-state, birth-and-death processes, continuous-time random walks on Z. 

3. More general jump processes. 

4. Generators, an interac�ng par�cles example. 

5. Backward and forward equa�ons. 

Chapter 4 (Martingales): 

1. Defini�on and examples beyond branching processes, applica�ons. 

2. Condi�onal expecta�on, processes with finite second moment. 

3. Sub- and super-martingales, square-integrable martingales. 

4. Op�onal sampling, mar�ngale convergence, some fundamental inequalities. 

5. Brief discussion of uniform integrability. 

 

Grading policy: 

Homework: 20%; 

Midterm: 20%; 

Activities: 10%; 

Final: 50%. 



 

Homework: 

Homework assignments will be given regularly, approximately once in a couple of 

weeks.  Slight variations of the assigned problems are likely to appear on the tests. 

 

 


