
EECE 7204 - Applied Probability and Stochastic Processes

Northeastern University
Department of Electrical and Computer Engineering

Fall 2018

Instructor: Prof. Pau Closas Place: West Village H 108
Email: closas@northeastern.edu Time: Mon/Wed
Office: 529 ISEC 2:50pm - 4:30pm

Sept. 5 – Dec. 5
TA: Berkan Kadıoğlu Email: kadioglub@ece.neu.edu

Office Hours Prof. Closas: After class on Monday/Wednesday (4:30pm to 5:30pm), or by appointment.
If emails are sent, please always include [EECE7204] in subject line for filtering.

Office Hours TA Kadıoğlu: Wednesday (9:30am to 11:30am) in 562-A5 ISEC. If emails are sent, please
always include [EECE7204] in subject line for filtering.

Prerequisites: Knowledge of signals, linear systems and transformations; sets, algebra, calculus.

Course Catalog Description: Covers fundamentals of probability and stochastic processes with appli-
cations to estimation and queuing theory. Includes basic laws of probability, conditioning, and Bayes rule.
Topics include random variables and their functions; PDF, PMF, and CDF notions; statistical averages;
moments and characteristic functions; multiple random variables; joint and conditional PDF and PMF;
multiple functions of random variables; correlation and covariance; mean squared estimation of random
variables; Markov, Chebychev, and Chernov inequalities; various notions of convergence of random variable
sequences; laws of large numbers; central limit theorem; and large deviation theory. As time permits, dis-
cusses basic notions of estimation and properties of estimators, unbiased and minimum variance estimation,
CRLB, sufficient statistics, consistency of estimators, basic notions of discrete and continuous-time random
processes, mean and autocorrelation function, WSS and cyclo-stationary processes, ergodicity of random
processes, and other topics. Requires a strong understanding of linear systems, transform techniques, and
linear algebra.

Grading Policy:

Homework and Class Activity (35%)

Midterm exam (30%), around mid/end October.

Final Exam (35%), as scheduled.

Class Policy: Regular attendance is essential and expected.

Academic Honesty: Lack of knowledge of the academic honesty policy is not a reasonable explanation
for a violation.

Teaching scheme: Combination of slides and blackboard.
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Topics Covered/Syllabus:

1. Probability space and random variables: Basic probability; Random experiments and proba-
bility; Conditional probabilities; Independent events; Total probability Theorem and Bayes’ formula;
Random variables; Distribution function; Discrete and continuous random variables; Conditional dis-
tribution and density functions; Functions of a random variables; Statistical parameters; Expectation
Theorem; Moments.

2. Multidimensional probability distributions: Multidimensional random variables; Joint distribu-
tion function; Two-dimensional probability density; Conditional distributions and densities; Indepen-
dent random variables; Conditional expectations; Functions of two random variables; Sum of random
variables; Functions max and min; Joint moments; Extension to n variables.

3. Generating and characteristic functions: Probability generating function; Moment generating
function; Characteristic function.

4. The multivariate Gaussian distribution: Gaussian characteristic functions; Marginal distribu-
tions; Eigenvalues of the covariance matrix; Uncorrelation and independence; Linear combinations;
The multivariate Gaussian density; Conditional densities.

5. Convergence of sequences of random variables: The weak law of large numbers; Convergence
in probability; Convergence in distribution; Convergence in mean square; Almost surely convergence;
The strong law of large numbers; Borel-Cantelli lemmas.

6. Stochastic processes: Stochastic processes; Distribution and density functions; Mean and autocor-
relation; Stationary processes.

7. Random walks: Mean and variance; First visit to a negative coordinate; Returns to the origin; First
return to the origin; Other properties.

8. Markov chains: Basic concepts; Markov property; Chapman-Kolmogorov equations; Recurrent and
transient states; Recurrent and transient states; Absorption probabilities; Properties and distributions.

Useful Books:

[ 1 ] H. Stark and J. W. Woods, “Probability, Statistics and Random Processes for Engineers,” Prentice
Hall, 4th Ed.

[ 2 ] A. Papoulis and S. U. Pillai, “Random Variables and Stochastic Processes,” McGraw-Hill, 4th Ed.

[ 3 ] C. M. Grinstead and J. L. Snell, “Introduction to Probability,” AMS. Available here.

[ 4 ] S. M. Ross, “Introduction to Probability Models,” Academic Press, 2006.

[ 5 ] H.C. Tuckwell, “Elementary Applications of Probability Theory,” Chapmand & Hall, 1995.

[ 6 ] R. Durret, “Essentials of Stochastic Processes,” Springer-Verlag, 1999.
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