
	


	[image: image1.png]



	ECSE 509A - Fall 2008
Probability and Random Signals II (3 cr.)

	



Senate on January 29, 2003 approved a resolution on academic integrity, which requires that the following reminder to students be printed on every course outline:

McGILL UNIVERSITY VALUES ACADEMIC INTEGRITY.  THEREFORE ALL STUDENTS MUST UNDERSTAND THE MEANING AND CONSEQUENCES OF CHEATING, PLAGIARISM AND OTHER ACADEMIC OFFENCES UNDER THE CODE OF STUDENT CONDUCT AND DISCIPLINARY PROCEDURES (see http://www.mcgill.ca/integrity for more information).


General Information:

Instructor: 

· Prof. Benoît Champagne

· Office: McConnell Engineering Building, Room 756

· Tel: (514) 398-5701

· Email: champagne@ece.mcgill.ca
· Office Hours: 
· Monday & Wednesday: 1:30pm to 4:30pm
· Otherwise by appointment 
Lectures:

· Monday, Wednesday and Friday: 12h30pm to 1h30pm
· Location: Room ENGTR 2100
· Lectures will start on Wednesday, September 3, 2008
· NOTE: According to the official McGill schedule, an extra Monday class will be given on Tuesday, Dec. 2, to replace lectures that would have been held on Monday, Oct. 13 (Thanksgiving Day).

Teaching Assistants:
· The following TAs will be available to answer student questions as they relate to the problem sets:

	Name
	Office
	Time
	Email

	Jing Jin
	MC838
	Tuesday: 2pm-3pm
	jing.jin@mail.mcgill.ca

	Xuan Liu
	MC702
	Thursday: 5pm-6pm
	xuan.liu2@mail.mcgill.ca




Course Description:

Prerequisite: 
· ECSE-305 (Probability and Random Signals I) or equivalent.
· Sound understanding of undergraduate engineering mathematics (advanced calculus, linear algebra, etc.)
Objectives:
· The theory and practice of probability and random processes play a central role in the design and analysis of modern information processing systems. The course aims to present key elements of this field of study through a motivated and integrated development, ranging from key fundamental concepts to more advanced selected topics and applications.  The targeted audience consists of senior undergraduate and first-year graduate students in electrical and computer engineering, computer science and related disciplines. A proper balance between mathematical rigor an engineering practice is sought in the presentation of the material.
· After successfully completing this course, students should have an adequate preparation and understanding in the modern topics of probability and random processes, so as to enable them to read advanced literature (e.g. journal papers) and tackle new research problems of their own in key areas of information technologies that make extensive use of the material. This includes, but is not limited to: signal processing, digital communications, control theory, pattern recognition, voice and image processing, network analysis, queuing theory, artificial intelligence, and many others.

List of Topics:
Part I: Random Vectors (~12 hours)
· Introduction: Axioms of probability, conditional probability and independence, repeated experiments, binomial laws, Poisson points. 
· Random variables: Probability distribution and density functions, conditional distribution, 2-dimensional random vectors
· Transformations: Distribution and density functions, transformation of random variables, application to simulations.
· Expectation: Definition and properties, conditional expectation, moments, moment generating functions, central limit theorem (CLT).

· Random vectors: probability distribution and density function, transformations, covariance matrix, multidimensional Gaussian density.
Part II: Stochastic Processes (~12 hours)

· Random sequences:  Definition and basic properties, processing with LTI systems, wide-sense stationary (WSS) sequences, Markov sequences, vector sequences and state equation, stochastic convergence.
· Random processes: Definition and properties, processing with LSI systems, wide-sense stationary (WSS) processes, cyclostationarity, vector processes and state equation.
· Mean-square (MS) convergence: MS integration and differential equations, ergodicity, Karhunen-Loeve expansion, representation of band-limited processes.  
Part III: Selected Advanced Topics and Applications (~12 hours)

· Estimation theory: The parameter estimation problem, mean and variance estimation, confidence intervals, maximum likelihood estimation, optimum linear estimator, Expectation-maximization (EM) algorithms.
· Stochastic discrete-time filtering: Overview of the stochastic linear filtering problem (prediction, smoothing, etc.), the innovation sequence and its properties, Kalman filter and error-covariance equation, Wiener filter.

· Spectral estimation: The periodogram, Bartlett’s approach, Overview of parametric methods, performance trade-offs.


Course Material:

WEB Support:

· The course web page on McGill University’s myCourses (WebCT Vista) will be used extensively to post course related information (e.g. course outline, problem sets, exam solutions, etc.). Make sure you consult it regularly.
Course Textbooks (required): 

 
· H. Stark and J. W. Woods: Probability and Random Processes with Applica-tions to Signal Processing, 3rd Ed., Prentice Hall, 2002. (ISBN 0-13-020071-9)
· Copies of the above have been ordered at the McGill Bookstore; a few extra copies have been put on reserve at the Schulich Library.
· For each lecture, specific sections from the textbook will be assigned for reading. The reading list will be posted on WebCT.
Other Useful Textbooks (for consultation):  

· R. B. Ash and C. A. Doléans-Dade, Probability and Measure Theory, 2nd Ed., Academic Press, 2000. 
· G. F. Grimmett, and D. R. Stirzaker: Probability and Random Processes, 3rd Ed., Oxford University Press, 2001.
· A. Leon-Garcia, Probability and Random Processes for Electrical Engineering, 2nd Ed., Addison-Wesley, 1994.
· A. Papoulis and S. U. Pillai, Probability, Random Variables and Stochastic Processes, 4th Ed., McGraw Hill, 2002.
· J. S. Rosenthal, A First Look at Rigorous Probability theory, World Scientific, 2000.

· S. M. Ross, Introduction to Probability Models, 7th Ed., Academic Press, 2000.

· K. S. Trivedi, Probability and Statistics with Reliability, Queuing and Computer Science Applications, 2nd Ed., Wiley, 2002.
· Y. Viniotis, Probability and Random Processes for Electrical Engineers, McGraw-Hill, 1998. 

Some Interesting Internet Links: 

· The probability web: http://www.mathcs.carleton.edu/probweb/probweb.html
· Virtual laboratory in probability and statistics: http://www.math.uah.edu/stat/


Homework and Evaluation:

Problem sets:
· Every week, a list of representative problems from the textbook will be posted on the course Web page. These exercises are intended to help the students in learning the material covered in class during that week.
· Solutions to these problem sets will not be collected and graded, and thus will not be counted towards the final mark. 
· Students should work out as many of these problems as they judge necessary, alone or in team, to ensure that they have an adequate grasp the course material.
· To help the student achieve this goal, the solutions to selected problems will be posted on the course Web page.

· In addition, students are welcome to discuss their solutions, or special difficulties they may encounter, with the instructor during Office Hours. 

Midterm examinations:

· There will be 2 midterm examinations, 50 minutes each in duration, and held during normal class time:
· Midterm #1: Wednesday, October 15, 2008
· Midterm #2: Friday, November 14, 2008
· These will be of the CLOSED BOOK type; only the faculty standard calculator will be allowed. NO crib sheet allowed.

· Both Midterms will be counted towards the final mark.

· Consult the course Web page for additional information.
Final examination:
· There will be a final examination, 3 hours in duration (date and time to be announced by the Faculty)

· This will be of the CLOSED BOOK type; only the faculty standard calculator and a dictionary will be allowed. NO crib sheet allowed.
· The final examination will cover all the material seen in class during the term.
· Consult the course Web page for additional information.
Marking scheme:
	Midterm #1
	20%

	Midterm #2
	20%

	Final examination
	60%


Midterm Policy:
· There will not be any make-up examination for students who miss a Midterm.

· Students who miss a midterm due to illness should notify the instructor within a week of the examination and provide him with an adequate medical certificate stating the date and nature of the illness.

· Under presentation of a proper certificate, and only in this case, the mark for the missed examination will be computed from that obtained at the final examination.

· Students who miss a midterm for unjustified reasons (e.g.: no medical certificate, etc.) will get a mark of zero.

· Any request for reevaluation of a Midterm must be made within a week of its return by contacting the instructor.

· Marked Midterms that have not been picked up after two weeks of their return may be discarded.
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