Mathematics 528: 
Information Theory and Data Compression

Textbook
T. M. Cover and J. A. Thomas, Elements of Information Theory, Second Edition, Wiley, 2006. 

Course Description, Relevance, and Learning Outcomes

The mathematical theory of information transmission in communication systems, first developed by Claude Shannon in the mid-1940s (see references below) and now called information theory, is one of the most important fields of mathematical science. It consists of two main themes, channel coding theory and source coding theory. The purpose of channel coding theory is to ascertain the existence of schemes for transmitting information reliably over a noisy channel at a fixed transmission rate. The purpose of source coding theory is to show the existence of schemes for compressing data emitted from an information source and reproducing them within tolerable limits of distortion. Both theories are based profoundly on the theory of probability, statistics, and stochastic processes. In this course, we present the logarithmic measure adopted by Shannon to describe quantitatively the information content of a source (Chapters 2, 3, and 4). Then we consider the problem of source encoding (i.e., data compression) and provide several source encoding methods encountered in practice (Chapter 5). Next we turn our attention to the transmission of the source output over a communication channel. The capacity of a channel is defined and formulas are given for the capacity of a number of channel models which are often encountered in practice (Chapters 7, 8, and 9).

Relevance: Although initially created to solve fundamental problems concerning data compression and information transmission, the importance and generality of information theory concepts and approaches go far beyond the area of communication engineering. The ideas of information theory have been applied in a variety of diverse fields from physics to linguistics, from biology to computer science, and from psychology to the stock market and gambling, and they have been proved productive and innovative.  The course will give you insight into a branch of applied mathematics that has tremendous practical significance. The course is particularly useful for those who plan on working in communication engineering.
Learning Outcomes: This course will introduce you to fundamental concepts in Shannon’s information theory and its applications in communication engineering. Initially known as the “mathematical theory of communication,” information theory determines what the ultimate data compression and ultimate rate of communication are. You will learn basic concepts such as entropy, mutual information, channel capacity, Kraft inequality, bound on data compression, and Huffman code. Time permitting we will have a few side excursions to related topics, such as the gambling and data compression. 

Prerequisite 

The main prerequisite is “mathematical maturity,” in particular, interest in learning new mathematical concepts. However, the students are expected to be comfortable with linear spaces (MATH-254), elementary probability and calculus, and elementary principles in discrete mathematics such as counting (MATH-245).

References for Further Reading

1. D. Hankerson, G. Harris, and P. D. Johnson, Jr., Introduction to Information Theory and Data Compression, CRC Press, 2003. (introductory). 

2. R. Ash, Information Theory, Wiley-Interscience, 1965. (intermediate).
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