Information Theory
The purpose of a communications system in the broadest sense is the transmission of information from one point (location) in space or time, to another



Information in a communications context does not have the same meaning as its use between human beings in ‘every day’ situations (e.g. speech). In communications systems, information about an event is closely related to its probability and hence, its uncertainty about the occurrence of an event. A message containing knowledge of an event associated with a high probability of occurrence (i.e. little uncertainty) contains a small amount of information whereas knowledge of an event associated with a low probability of occurrence (i.e. much uncertainty) contains more information. Therefore information is directly related to uncertainty.

Hence information  
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Information Measure

The inversely proportional relationship between information and probability is quantified by employing a function that is both monotonic and additive. i.e. monotonic in the sense that the information measure increases linearly as the probability decreases and additive in the sense that a message represented as a number of symbols, requires that the amount of information conveyed by the message is the sum of the amounts of information conveyed by each symbol.
A logarithmic function satisfies both requirements and base 2 is also used because information can be reduced to binary representation.

So the amount of information represented by a symbol ‘x’ of probability ‘p(x)’ is given by;
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equation 01

Example

The probability that a particular letter of the alphabet will be transmitted is 0.25. How much information will this transmission contain ?
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The unit of information is a contraction of ‘binary digit’ which is the ‘bit’. Generally, pulses may also be referred to as ‘bits’ but a distinction can be made when information measure is involved by using the term ‘binit’ to represent a pulse.
An information source can produce any message from its repertoire of messages and its behaviour may be modelled as a set of ‘n’ symbols denoted as 

x1, x2, …………………..,xn
having transmission probabilities of 

p(x1), p(x2), ………………….. p(xn) respectively

The output of the source is a sequence of symbols in time where each symbol is selected randomly from the set and is statistically independent of each other.
The probability of occurrence of a message of ‘n’ symbols is given by ;
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           equation 02

and the amount of information contained by the message is given by ;
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           equation 03

assume that during a long transmission period, several messages are transmitted, involving a large number of symbols ‘N’, then ;
the ith symbol occurs 
[image: image6.wmf])

(

i

x

p

N

·

times, where i = 1, 2, ……..n
the total amount of information transmitted during this period is given by ;
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equation 04

the average amount of information per symbol ‘H’ is given by ;
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therefore this equals;
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                      equation 06

Equation 06 can be rewritten as;
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           equation 07

the average information output of a source ‘H’ is often referred to as the ENTROPY of the source. In general terms, entropy refers to the randomness or disorder of a system, the greater the randomness, the greater the entropy. Entropy signifies choice or uncertainty.

Example

An information source is specified by ;
n = 3, 
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Calculate the probability of occurrence of any message, 3 bits in length from this source and the entropy of the source.

Solution

Probability of occurrence = 
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 (from equation 02)

Entropy of the source = (from equation 06 or 07)
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It can also be shown that the maximum value of the entropy is given by ;
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           equation 08

which can only occur when the source emits symbols having equal probabilities.
e.g. n = 3, 
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this result agrees with intuition, for entropy can be regarded as the amount of uncertainty removed by the reception of a symbol on average and the receiver is most uncertain about which symbol a source is about to emit when all the symbols are equally likely to occur. i.e. likely to occur with equal probability.
Coding

A communications process presents a message in source symbols at the transmitter – the transmitter encodes it symbol by symbol to patterns of binary digits in order to produce acceptable input into the communications channel. At the receiver the incoming bit stream is decoded by the decoder by performing the opposite operation to coding  i.e. convert the incoming stream to a sequence of source symbols from the binary digits thus providing the message at the destination.



A Code Must be:

· DISTINCT

· UNIQUELY DECODABLE

· INSTANTANEOUSLY DECODABLE

Instantaneously decodable code is good in real time systems as it allows the communication process to proceed as quickly as possible.

The best code is one that possess all three above properties and which on average requires the transmission of the least amount of binary digits in order to convey coded messages from a source.

A CODE WORD is a sequence of binary digits

CODE is the mapping (encoding) of source symbols into code words

A code is DISTINCT if all its code words are distinct and UNIQUELY DECODABLE if all its code words are identifiable when immersed in any sequence of words from the code (i.e. can pick out one word from a sentence or a letter from one word).

Example 1

n = 3, x1 = 0, x2 = 01, x3 = 11
x1, x2 and x3 cannot be decoded into any other symbol, so the code is DISTINCT, but say if x2 = 0, then this is the same as x1 so the code in this case would not be distinct.

Example 2

N = 6, x1 = 0 (0000), x2 = 1 (0001), x3 = 2 (0010), x4 = 3 (0011), x5 = 4 (1000), x6 = A (1010)

This code is DISTINCT and UNIQUELY DECODABLE.

Uniquely decodable code is INSTANTANEOUSLY DECODABLE if all of its code words are identifiable as soon as their final digits are received.

The Source Coding Theorem

This theorem allows the minimum length of a code for a particular information source to be obtained.
It states that ‘the source symbols of an x – symbol memoryless source cannot be represented by an instantaneously decodable code whose length is numerically less than the entropy of the source’.

i.e. length of code not < average information of the source !!
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L = code length (average length of code words) and is given by ;
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where li = length of code word assigned to symbol xi (number of binary digits in that code word)

and p(xi) is the probability of xi occurring
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