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EE 226A: Random Processes in Systems
Course Information

Instructor: Prof. M. C. Gastpar, 265 Cory, gastpar@eecs.berkeley.edu, OH tba.
Administrative Assistant: TBD.

Teaching Assistant: Sameer Pawar

Class Meetings: Tuesdays and Thursdays, 12:30-2 PM, 289 Cory Hall

Section Meeting: Wednesdays, 12-1 PM, 293 Cory Hall

Course Web Page: http://inst.eecs.berkeley.edu/∼ee226a
Check the contents of this homepage frequently.

Class Description:

This course covers the fundamentals of the tools of probabilistic modeling and random pro-
cesses as they are useful for communication, control and signal processing. The exposition will
be roughly divided into two parts: (1), Detection and Estimation Theory, and (2), Discrete
Stochastic Processes.

In the first part, we focus on the formulation and analysis of probabilistic models for problems
of estimating unknown parameters from noisy observations. We start with the problem of
detection (or hypothesis testing), where the unknown parameter lies in a finite set, representing
the set of possible hypotheses, and the observation is a finite-dimensional vector. We then
move on to the situations where the unknown parameters are real-valued. We will also look
at the problem of recursive estimation, where the observations are given in a sequence and
the parameter estimates are to be updated. Finally, detection and estimation problems where
the observation is a continuous-time waveform are considered. The highlights of this part of
the course are the Kalman filter (which helps moon landing, among other things!), and its
steady- state cousin, the Wiener filter. Applications of such ideas can be found in problems such
as detection of transmitted signals in a communication system, state estimation in a control
system, and parameter estimation in a speech processing system.

In the second part of the course, we focus on stochastic processes for modeling discrete-event
systems (systems where changes occur at discrete instants of time). Tools we will study include
the Poisson process and Markov chains. Simple examples from queuing theory and other fields
are used to illustrate the concepts. Applications can be found in areas such as modeling and
performance analysis of communication and manufacturing networks.

Relationship to Other Courses:

Although we will use simple examples from various fields to illustrate the concepts, this course
will focus on the structure of the basic stochastic models rather than the applications in specific
fields. The latter is studied in much greater depth in courses such as EECS 223 (Stochastic
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Systems : Estimation and Control), EECS 224A (Digital Communication), EECS 224B (Fun-
damentals of Wireless Communications), EECS 225A (Digital Signal Processing), EECS 228A
(High-Speed Communication Networks) and EECS 281A (Graphical Models).

Prerequisite:

The basic prerequisites for this course are solid undergraduate courses in probability (equivalent
to EECS 126), linear algebra (equivalent to Math 54) and signals and systems (equivalent to
EECS 120). There is a lot of material to be covered in this course, so familiarity with basic
probability concepts is particularly essential. If your undergraduate probability course is at a
significantly lower level than EECS 126, taking EECS 126 first maybe a safer bet. If you are
unsure whether your background is sufficient, please come to talk to me.

Evaluation: There will be weekly problem sets (15 % of the grade), two midterms (20 % each)
and a final (45 %). The final will be on Friday, December 18, 2009, 12:30-3:30pm.

Homework: There will be about 12 problem sets. In most cases, assignments will be handed
out on Thursdays, and will be due at 12:30pm on the Tuesday ten days later. Late homework
will not be accepted.

Text:

The reader Stochastic Processes: A conceptual approach, by R.G. Gallager and the book Essen-
tials of Stochastic Processes, by Rick Durrett and are the basic texts of the course. The reader
is available from Copy Central on Hearst Avenue.

The following books are for supplementary reading and are on 1-day reserve in the Engineering
library:

• D. Bertsekas and J. Tsitsiklis, Introduction to Probability (excellent text for refresher on
probability)

• Gilbert Strang, Linear Algebra and its Applications (excellent text for refresher on linear
algebra.)

• G.R.Grimmett and D.R.Stirzaker, Probability and Random Processes, Oxford Univ. Press,
1992.

• G.R.Grimmett and D.R.Stirzaker, Probability and Random Processes: Problems and Solu-
tions, Oxford Univ. Press, 1992.

• Harry L. Van Trees, Detection, Estimation, and Modulation Theory, vol.I, New York, Wiley,
1968-71. (This book is available as an electronic resource via the engineering library website)

Course Outline:

1. Introduction. (1 lecture)

2. Jointly Gaussian random vectors and their properties. (2 lectures)

3. Hypothesis testing and detection: maximum likelihood (ML), maximum a posterior proba-
bility (MAP) and Bayes criteria. Likelihood ratios. Neyman-Pearson test. (3 lectures)

2



4. Estimation: Minimum mean-square (MMSE) and linear least square estimation, orthogo-
nality principle. Recursive estimation, Kalman filtering. (4 lectures)

5. Introduction to stochastic processes. Basic concepts: stationarity, ergodicity, independent
increments, Markovian. Examples: Poisson process, Gaussian processes, Wiener process,
white noise. Second order statistics: covariance function, power spectrum density. Trans-
formation by LTI systems. (4 lectures)

6. Detection from waveforms, sufficient statistics, matched filter. ML, MMSE estimation from
waveforms, Wiener filtering. (4 lectures)

7. Convergence of random variables. Laws of large numbers. Central-limit theorem. (2 lec-
tures)

8. Discrete-time Markov chains. Finite-state Markov chains. Classification of states. Steady-
state and transient behaviors. (6 lectures)

9. Poisson processes. Basic definition and properties. Combinations and sub-division of inde-
pendent Poisson processes. Order statistics. (2 lectures)

10. Continuous-time Markov chains. (2 lectures)
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