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Course Description

The course is divided into two major parts.  In the first part of the course basic probability is reviewed and extended to multiple random variables.  In particular we begin by a review of the axioms of probability and the ideas of both random variables and single functions of random variables.  Simulation by Monte Carlo methods is introduced at this early point in the course as a tool for checking analytical results and solving analytically intractable problems.  This use of simulation is threaded throughout the remainder of the course.  The first part of the course takes this basic material and extends it to functions of two random variables and then generalizes it further to sequences of random variables.  During this generalization to sequences the basic ideas of estimation theory are introduced.  In the second half of the course the ideas of random processes are developed.  This is done for both continuous and discrete examples and including the very important topics of random walks and additive guassian white noise.  The results of the second part of the course are applied to specific practical problems including sprectral estimations, simple queuing models and basic communications systems.

Prerequisite by Topic

Students taking this course should have graduate standing in electrical engineering.  It is implicitly assumed that they understand the ideas behind basic linear systems including amplifiers and filters.  Since problems are often couched in practical terms this general understanding at the basic BS level is important.  Additionally students much have a first grasp of the basics of probability theory.  In particular, to keep pace with the review at the beginning of the course they must really know what a probability density function is, how is used and what it really means.  They must also know what a random variable is and how it relates to the underlying probability density function. working knowledge of the basic probability concepts of functions of one random variable.  To follow the developments of ideas such as the central limit theorem they must know and understand basic fourier transform methods.  Finally for the application of random processes to practical systems the idea of transfer functions from basic linear systems theory is essential.

Text, References & Software

Recommended Text:

Probability, Random Variables and Stochastic Processes, by Athanasios Papoulis and S. Unnikrishna Pillai, 4th Edition, McGraw Hill 2002, ISBN 0-07-366011-6.

Additional References:

Introduction to Probability and Random Processes, by Jorge I. Aunon and V. Chandrasekar, McGraw Hill, 1997, ISBN 0-07-001563-5

Probability and Random Processes for Electrical Engineering, by Alberto Leon-Garcia, Addison-Wesley, 1989, ISBN 0-201-12906-X.

Software:

MATLAB or Mathcad and access to a C++ compiler

Internet Resources:

http://www.mathsoft.com

http://www.mathworks.com
Course Objectives – After completing this course the students should be able to:

1.  Have a reinforced knowledge of basic probability theory 

2.  Understand and apply functions of two random variables

3.  Understand and apply sequences of random variables

4.  Master the basic ideas of estimation or results based on multiple data measurements

5.  Master the basic ideas of estimation of results from repeated measurement

6.  Understand and be able to apply the concepts of correlation and orthogonality

7.  Have a firm understanding of the central limit theorem and its applications

8.  Understand the basic concepts of continuous random processes

9.  Be able to apply predict the behavior of linear systems subject to noise

10.  Be able to estimate spectral properties of noise signals

11.  Understand the limits of analysis applied to probabilistic systems

12.  Know when simulation must be used to obtain useful results for probabilistic systems

Topics Covered/Course Outline

1.  Basic concepts of probability

2.  Functions of two random variables.

3.  Sequences of random variables.

4.  Basics of estimation.

5.  Random processes.

6.  Spectral estimation.

7.  Application of random processes

Relationship to Program Outcomes

This supports the  achievement of the following outcomes:

a)    Ability to apply knowledge of advanced principles to the analysis of electrical and

        computer engineering problems.

b)    Ability to apply knowledge of advanced techniques to the design of electrical and 

        computer engineering systems.

c)    Ability to apply the appropriate industry practices, emerging technologies, state-of-

        the-art design techniques, software tools, and research methods of solving electrical

        and computer engineering problems.

d)     N/A

e)     N/A

f)     Ability to maintain life-long learning and continue to be motivated to learn new

        subjects.

g)    Ability to learn new subjects that are required to solve problems in industry without 

being dependent on a classroom environment.

h)    Ability to be competitive in the engineering job market or be admitted to an

        excellent Ph.D. program.
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