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Course Description 

Probability Theory is the foundation of statistical methodologies, which is 

fundamental in the practice of science. 

The topics that will be covered in this course include: 
Axiomatic definition of probability, properties of probability measure, 
conditional probability; stochastic independence; random variables, 
distribution functions, expectation and moments of random variables; 
convergence of sequences of random variables; law of large numbers, 
characteristic function, central limit theorems; Markov chains, martingales.  
 
Expected Outcomes 

Students completing this course will have a precise mathematical 

understanding of probabilities and sigma-fields; random variables, 

distributions, and expected values; inequalities and laws of large numbers; 

weak convergence, characteristic functions, the central limit theorem, 

Lebesgue decomposition, conditioning.  The level of the course is 

mathematically rigorous based on measure theoretic probability, but without 

the unnecessary intricacies of a purely measure theoretic development 

suitable for a Ph.D. program in Mathematics/Statistics.  Students will see 

ample practical applications of the theory they will learn.  Also, students will 



become familiar with the foundational principals that justify statistical 

methodologies. 

Grading Policy 

The grade in this course will be based on the following: Four sets of homework 

(20%), two in-class exams (20% each), a final exam (40%). 

Homework 

There will be three homework sets.  The homework problems will be assigned 

from the textbook as well as from outside.  Completing all homework sets on 

time is absolutely essential in learning the material.  So, late homework is not 

accepted. 

Exams 

There will be two in-class exams, one about one-third way into the semester 

and the other about two-thirds way into the semester.  No makeup test is 

allowed.  The exams will be designed to evaluate the student's conceptual 

understanding of definitions, results and proofs, and solutions to problems. 

Prerequisites 

Math A 6330, Math A 6310 

Course Instructor 

Mohamed I. Riffi 

e-mail: riffim@gmail.com 

Office: C729 

Course Outline 

We will cover most of Chapters 1-8 and 10 of the textbook. 

1. Probability measures and their distribution 

1.1  Sigma-fields and classes of sets 

1.2  Measure, product measure and probability measure. 

1.3  Integral and its properties 

1.4  Fubini's theorem, dominated convergence theorem 

2. Random variable, expectation, and independence 

2.1  General definitions 

2.2  Properties of mathematical expectation 



2.3  Independence 

2.4  Basic properties of conditional expectation 

3. Convergence concepts 

3.1  Various modes of convergence 

3.2  Almost sure convergence; Borel-Cantelli lemma 

3.3  Uniform integrability; convergence of moments 

4. Law of large numbers and random series 

4.1  Weak law of large numbers 

4.2  Three-series convergence theorem 

4.3  Strong law of large numbers 

4.4  Zero-one laws 

5. Characteristic function 

5.1  General properties 

5.2  Uniqueness and inversion 

5.3  Convergence theorems 

5.4  Applications 

6. Central limit theorem 

6.1  Lindeberg-Feller theorem 

6.2  Law of the iterated logarithm 

7. Martingales and Markov property 

7.1  Conditional independence; Markov property 

7.2  Basic properties of martingales 

Textbook 

Gut, Allan (2013), Probability: A Graduate Course (2nd ed.).  Springer. 
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