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Information theory provides basic tools and understanding in many fields. â€¢ Information theory is applied mathematics and statistics rather than pure engineering. 
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General Course Information Lectures and exercises in room TS 127 Mondays at 10:15–12:00 Thursdays at 12:15–14:00. Exercises: Homework problems and solutions. Registration: An e-mail message to the instructor! Prerequisites: Elements of Digital Communications, Random Signals. Parallel courses: Coding Methods, Wireless Communications II. Requirements: The course is passed by a final exam. Extra points by homework problems. Credit units: 2.5, credit points: 4.0. Exam: 1st one on Tue 20 November, 2007. Basics of Information Theory
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Course Material •  Lecture note handouts available at Telecommunication Laboratory library TS 443 and course web page. •  Lecture notes are lecture notes => reading the course book is necessary. –  Emphasis can be concentrated on the issues covered on the notes.



•  Hint: Familiriaze yourself to the material already before the lecture! => You will get most out of it.



Basics of Information Theory
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Overview (1) •  The discipline of information theory (IT) was originally created to explain the behavior of communication systems. •  Shannon’s landmark paper 1948 [5] –  the start of information theory as a field of its own –  not just an spin-off of communication theory, but a discipline of its own.



•  Applications also in many fields: –  source coding and data compression (in the original paper [5] already) –  statistics and statistical signal processing –  game theory –  stock market. Basics of Information Theory
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Overview (2) •  The emphasis on this course is on communication applications, but the other important fields are also covered. •  The course follows closely the structure of [1], which is the textbook and main exam requirement. Some additional material will be included from [3]. •  The trigger of the creation of information theory [5] illustrates the very origins of the discipline.



Basics of Information Theory
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Motivation (1) •  Information theory provides basic tools and understanding in many fields. •  Information theory is applied mathematics and statistics rather than pure engineering –  abstract, builds upon previously learned concepts –  engineering curriculum does not prepare very well for IT –  requires work to learn.   Solving homework problems is necessary.   Continuous reading is a must!



Basics of Information Theory
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Motivation (2) •  After learning very useful insight is achieved: “There are a few key ideas and techniques that, when mastered, make the subject appear simple and provide great intuition on new questions” [1, p. vii]. •  Information theory is still developing rapidly as a field of science. •  It is a key tool used in practical research and development of real engineering problems in several disciplines.



Basics of Information Theory
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Contents According to Book Chapters (1st edition) Basic concepts and tools 1 2 3 4



Introduction Entropy, relative entropy and mutual information Asymptotic equipartition property Entropy rates of a stochastic process



5



Data compression



8 9 10



Channel capacity Differential entropy The Gaussian channel



Source coding or data compression Channel capacity



Other applications



11 Maximum entropy and spectral estimation 13  Rate distortion theory 14  Network information theory Basics of Information Theory
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Contents According to Book Chapters (2nd edition) Basic concepts and tools 1 2 3 4



Introduction Entropy, relative entropy and mutual information Asymptotic equipartition property Entropy rates of a stochastic process
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Data compression



7 8 9



Channel capacity Differential entropy Gaussian channel



Source coding or data compression Channel capacity



Other applications



12 Maximum entropy and spectral estimation 10 Rate distortion theory 15 Network information theory Basics of Information Theory
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Literature Course Book



1.  Thomas M. Cover & Joy A. Thomas, Elements of Information Theory. John Wiley & Sons, 1991. Chaps. 1–5, 8–14 (400 pages). ISBN: 0-471-06259-6.



Other References (Useful Further Reading; compulsory in part for earlier postgraduate version) 2.  4.  5.  6.  7. 



John G. Proakis, Digital Communications, 4th edition. McGraw-Hill, 2001, (ISBN 0-07-232111-3) (the 3rd edition is also applicable). Sergio Benedetto & Ezio Biglieri, Principles of Digital Transmission: With Wireless Applications. ISBN 0-306-45753-9 (required for postgrad) Robert G. Gallager, Information Theory and Reliable Communication. John Wiley & Sons, 1968. ISBN W-471-29048-3 Claude E. Shannon, The Mathematical Theory of Communications. Bell System Technical Journal, July & October 1948, 92 pages. Several reprints exist as well. (required for postgrad) Sergio Verdu, Fifty years of Shannon Theory. IEEE Transactions on Information Theory, vol. 44, no. 6, pp. 2057-2078, October 1998, 22 pages. (required for postgrad)



Basics of Information Theory
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(Tentative) Course Schedule I Mon 1 Sept: Lecture 1 – Introduction Thu 11 Sept Lecture 2 – Basic concepts: definitions and key properties Thu 11 Sept: Lecture 3 – Basic concepts: consequences and properties Mon 15 Sept: Excercise 1 – Chapter 2 Thu 18 Sept: Lecture 4 – AEP and entropy rate Mon 22 Sept: Lecture 5 – Data compression Thu 25 Sept: Lecture 6 – Source coding Mon 29 Sept: Excercise 2 – Chapters 3–5 Note:



Next lectures on Thu 11 Sept at 10:15 in TS128 Thu 11 Sept at 12:15 in TS127



Basics of Information Theory
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