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1. Discrete Sources Coding

Layering of source coding

1.1  Layering of source coding
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1.2  What is Source Coding
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Source Coding has 3 parts
• Analog waveform to analog sequence 
• Quantizer (sequence to symbols)
• Symbols to bits

Binary coding: Mapping source symbols to binary digits
                                                  (alphabet)

Unicode, ASCII, JPEG, GIF, AVI, MPEG, H.265, 
QuickTime (vector quantization) etc.

Random Symbol, Stochastic Process
• Standard Binary interface separates source and channel coding
• Multiplex data on high speed channels.
• Digital data can be “cleaned up” at each link in a network.
• Can separate problems of waveform sampling from quantization to 
discrete source coding.
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1.3 Fixed-length Codes for discrete sources
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1.4 Variable-length Code for discrete sources

Motivation: Probable symbols should have shorter codewords than        
improbable to reduce bpss.

The major property that is usually required from any variable-length code:
• Unique Decodability 
• Initial Synchronization
• Buffering

A code is prefix-free if no codeword is a prefix of any other codeword, are 
sometimes called instantaneous codes.

Why prefix-free code?
If a uniquely-decodable code exists with 
a certain set of codeword lengths, then 
a prefix-free code exists with the same 
set of lengths.
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1.5 The Kraft Inequality
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Here, in the same way, the base 2 expansion .y1y2…yn is viewed as 
‘covering’ the interval 

A code has lengths that satisfy Kraft Inequality, it does not follow that 
the code is prefix-free, or even uniquely decodable.It determines which 
sets of codeword lengths are possible for prefix-free codes.

What set of codeword lengths can be used to minimize the expected 
length of a prefix-free code?
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1.6 Discrete Memory Sources(DMS)

• The source output is an unending sequence X1, X2, X3, . . . , of randomly 
selected letters from a finite set X, called the source alphabet.

• Each source output X1, X2, . . . is selected from X using a common 
probability measure.

• Each source output Xk is statistically independent of the other source 
outputs X1, … ,Xk−1 ,Xk+1, . . . .

Let l(x) be the length of the codeword for letter x ∈ X.
Then L(X) is a random variable (rv) where L(X) = l(x) for X = x.
Thus L(X) = l(x) with probability pX(x)

Thus•L is the number of encoder output bits per source symbol.

Choose integers {l(x)} subject to Kraft to minimize•L
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1.7 Entropy Bounds

The entropy H(X) of the rv X is the minimum number of binary digits per 
symbol needed to represent the source.

Concave（凹） function

(Kraft inequality)
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1.8 Huffman’s algorithm for optimal source codes
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1.9 Review
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1.10 Relaxed Moment

Taking account of actual individual 
symbol probabilities, but not using 
context, entropy = 4.177 bits per 
symbol.
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The End
Thank You


