Communication principles                                                                Data Compression


Data Compression Codes
Aim to reduce the total number of binary digits that must be transmitted in order to convey particular types of information. The coding techniques of Huffman and Fano are among those used for this purpose and the Huffman technique is described later.

Huffman codes produce code words of different lengths and there is a danger that shorter code words may form the first binary digits of longer code words and so remove the property of ‘instantaneous decodability from the code.

A ‘prefix’ of a code word is the binary sequence obtained by truncating the code word i.e. removal of binary digits from the right.

e.g. the prefixes of the word ‘010’ are 0, 01, 010.

Consider the following code words (fixed length code);

X1 = 0000

X2 = 0001

X3 = 0100

If x1 is encoded to ‘00’, then it becomes the prefix of x1 and the following stream of binary digits ‘00010000’ may be decoded as x2, x1, x1 or x1, x3, x1 and the code is no longer ‘uniquely decodable’.
The source coding theorem enables the length of the shortest instantaneous code for a particular information source to be obtained but the sequence of binary digits comprising the code word remains to be derived.

Huffman Coding technique

Assigns the most probable symbols the shortest code words and requires that the two longest code words must be the same length. If the latter requirement is not the case then the additional digits can be omitted to reduce the length of the longer of the two words.

The two symbols with the lowest probability are assigned different binary digits as the final digits of their code words and are then combined to form a new symbol with a probability equal to sum of the original probabilities. This produces a new source with one symbol less than the original source. The procedure is repeated until a source with two symbols only is produced and the probability sum is ‘1’.

The use of this technique is illustrated below for an information source specified by

 n = 4;

P(x1) = ½, p(x2) = ¼, p(x3) = 1/8, p(x4) = 1/8,

The result is a tree diagram. The code words are obtained by tracing from right to left and finishing at the original symbol as shown.

It should be noted that this particular Huffman code is not ‘uniquely decodable’ and the code efficiency is given by;
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The code is;
x1 = 0

x2 = 10

x3 = 110

x4 = 111

Potential Benefits Attributable to Variable Length Coding
1. Transmission time / message and hence transmission costs are reduced by the application of variable length encoding.

2. If Pe/bit (Pe is probability with which an error will occur) remains constant then the overall Pe / data block will be reduced by the application of variable length encoding.

3. Increases the security of the data transmission. E.g. if the number of bits is reduced from say 56 to 16 bits the saboteur may find it difficult to decode the message if there is uncertainty concerning whether characters are 16 bits, 8 bits, or 4 bits in length
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