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ÂData Compression can be achieved by 

assigning short descriptions to the most 

frequent outcomes of the data source and long 

description to the less frequent outcomes.

ïDefinition:

A Source code C for a random variable X is a mapping from X, 

the range X, to D*, the set of finite length strings of symbols 

from a D-ary alphabet. Let c(x) denote the codeword 

corresponding to x and let l(x) denote the length of c(x).

ïEX:

C(Red) = 00, C(Blue) = 11 is a source code for 

X = {Red, Blue} with alphabet D* = {0, 1}.
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ïDefinition:

The expected length L(c) of a source code c(x) for a r.v. X 

with probability mass function p(x) is given by

where l(x) is the length of the codeword associated with x.

w.l.o.g.:  D* = {0, 1,é, D-1}.
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ïDefinition:

A code is said to be non-Singular if every element of the 

range of X maps into a different string in D*, i.e.,

Xi X̧jÝ c(xi) ç(Xj)

Non-singularity suffices for an unambiguous description of a 

single value of X. But we usually wish to send a sequence of 

values of X. In such cases, we can ensure decodability by 

adding a special symbol (ñcommaò) between any two 

codewords. But this is an inefficient use of the special symbol; 

one can do better

Ý Self-punctuating or instantaneous codes
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ïDefinition:

An extension C* of a code C is a mapping from finite length 

strings of X to finite length strings of D*, defined by 

c(x1, x2,é, xn) = c(x1)c(x2)éc(xn),

where c(x1)c(x2)éc(xn) indicates concatenation of the 

corresponding codewords.

ïEx:

If c(x1) = 00 and c(x2) = 11

then c(x1x2) = 0011
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ïDefinition:

A code is called uniquely decodable if its extension is non-singular.

In other words, any encoded string in a uniquely decodable 

code has only one possible source string producing it.

ïDefinition:
A coded is called a prefix code or an instantaneous code if no 

codeword is a prefix of any other codeword.

An instantaneous code can be decoded without reference to the future 

codewords since the end of a codeword is immediately recognizable. ­

For an instantaneous code, the symbol xi can be decoded as soon as we 

come to the end of the codeword corresponding to it. ­ self-punctuating

All codes

Non-singular codes 

Uniquely decodalbe codes

Instantaneous codes
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KRAFT INEQUALITY:

Â Goal of source coding:

constructing instantaneous codes of minimum 

expected length to describe a given source.

Â Theorem (Kraft inequality)

For any instantaneous code (prefix code) over an 

alphabet of size D, the codeword lengths l1, l2,é, lm
must satisfy the inequality

Conversely, given a set of codeword lengths that 

satisfy this inequality, there exists an instantaneous 

code with these word lengths.


