Part IIB Lent 1996/YMS
COMMUNICATION THEORY

This handout does not replace the lectures (and is not even mentioned in the list of the
recommended literature): it is intended to help understand the material and sometimes
to provide additional facts and alternative arguments. Students are strongly advised to
take proper notes during the lectures and not rely entirely on the handout.

The content of a lecture on the blackboard may differ from the one in the handout.

The definitions, statements (theorems, lemmas, corollaries and remarks), formulas end
often ezamples are numbered by pairs of positive integers, the first indicating the lecture
and the second the position of a given item in the text of the lecture. In some cases a

group of formulas is numbered by triples (e.g., (1.6.1) or (3.2a) ). The symbol O is used

to indicate the end of the proof.

Chapter 1: Information sources and coding

In this chapter, symbol P refers to the probabilities (unconditional or conditional) of
samples of sequences of random variables characterising sources of information. As a
rule, these are sequences of independent and identically distributed random variables or
Markov chains. Viz., P(Up = uy,...,Un = up) is the joint probability that random
variables Uy, ..., Up take values uy, ..., up and P(V, = v |V} = u, W) = u') is the condi-
tional probability that a random variable V,, takes value v, given that random variables
V7 and W) take values u and u’, respectively. Likewise, E denotes the expectation with
respect to P. On the other hand, in the context of Markov chains, P denotes the
transition probability matrix, with entries P(u,v). The r-step transition probabilities
correspond to P" and are denoted by P(")(u,v).
The symbol p is used to denote various probabilities loosely.

Lecture 1: Basic concepts. The Kraft ineqguality

A typical scheme used in information transmission is as follows:

A message
source — [An encoder| —* [A channel] = [A decoder]| — [A destination]

Example

1. A message source: a Cambridge college choir.
2. An encoder: a BBC recording unit. It translates the sound to a binary array and
writes it to a CD track. The CD is then produced and put on the market.
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3. A channel: a customer buying a CD in England and mailing it to Australia. The
channel is subject to ‘noise’: possible damage (mechanical, electrical, chemical, etc.)
incurred during transmission.

4. A decoder: a CD player in Australia.

A destination: an audience in Australia.

6. The goal: to ensure high-quality sound despite damage.
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In fact, a CD can sustain damage done by a needle while making a neat hole in it,
or by a tiny drop of acid (you are not encouraged to make such an experiment!)

In technical terms, typical goals of information transmission are:

(a) fast encoding of information,

(b) easy transmission of encoded messages,

(c) effective use of the channel available (i.e. maximum transfer of information per unit
time),

(d) fast decoding,

(e) correcting errors (as many as possible) introduced by noise in the channel.

As usual, these goals contradict each other, and one has to find an optimal solution.
This is what the course is about. However, do not expect perfect solutions: the theory
aims to provide you with knowledge of the basic principles. A final decision is always up
to the individual (or group) responsible.

A large part of the course will deal with encoding problems. The aims of encoding
are:

(1) compressing data to reduce redundant information contained in a message,
(2) protecting text from unauthorised users, )
(3) enabling errors to be corrected.

We start by studying sources and encoders. A source emits a a sequence of letters,
ty Ug oo B v iy (1.1)

where u; € I, I(= I,) is an m-element set {1,...,m} (a source alphabet). In the case
of literary English, m = 26 4+ 7, 26 letters plus 7 punctuation symbols: ., :; - () .
(Sometimes one adds * ’ and ”. A telegraph English corresponds to m = 27.

A common approach is to consider (1.1) as a sample from a random source, i.e. a
sequence of random variables

Uy, Usy -, Uny -.. (1.2)

and try to develop a theory for a reasonable class of such sequences.

Examples. 1.1. The simplest example of a random source is a sequence of independent,
identically distributed (i.i.d.) random variables:

P(U1 = w1, Uz =, ..., Uk =u) = [] p(uj), (1.3.1)






