
Variable-Length Coding


In differential coding, it is the difference signal that is quantized and encoded, while in transform coding it is the transformed signal that is quantized and encoded. Here I want to introduce two codeword assignment (encoding) techniques, which are: Huffman coding and arithmetic coding.


Huffman coding is most frequently used technique at present, and it is the first optimum coding which is included in the international still image coding standard JPEG. It’s block-oriented and has many restrictions though many have devised methods to overcome. On the other hand, arithmetic coding is getting popular nowadays since it is stream-oriented and doesn’t have the restrictions of Huffman coding. Arithmetic coding is included in JPEG and JBIG. Although it is more efficient than Huffman coding, it has some subtle issues to consider

Before I start talking about details in coding techniques, there are some definitions needed to know.

Block Code

A code is said to be a block code if it maps each source symbol in S into a fixed codeword in A.
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Uniquely Decodable Code

A code is uniquely decodable if it can be uniquely decodable if it is to be of use.
Nonsingular Code

A block code is nonsingular if all the codewords are distinct (see Table 5.4).
The nth Extension of a Block Code

The nth extension of a block code, which maps the source symbol si into the codeword Ai
, is a block code that maps the sequences of source symbols si1si2…sin into the sequences of codewords

Ai1Ai2…Ain.
Definition of Instantaneous Codes

A uniquely decodable code is said to be instantaneous if it is possible to decode each codeword

in a code symbol sequence without knowing the succeeding codewords.
A Necessary and Sufficient Condition of Being an Instantaneous Code

A code is instantaneous if and only if no codeword is a prefix of some other codeword. This

condition is often referred to as the prefix condition. Hence, the instantaneous code is also called

the prefix condition code or sometimes simply the prefix code. In many applications, we need a

block code that is nonsingular, uniquely decodable, and instantaneous.
1.1 
HUUFFMAN CODES

After knowing these definitions, now we should begin to know the concepts of Huffman codes. We need a direct encoding method that is optimum and instantaneous (hence uniquely decodable) but we don’t wish that cost large storage and high computational complexity. Huffman code is the first such optimum code (Huffman, 1952) and is the technique most frequently used at present.
The Huffman codes have three basic required rules as follows:

1.
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This means that when the source occurrence probabilities are arranged in a non-increasing order, the length of the corresponding codewords should be in a non-decreasing order. In other words, the codeword length of a more probable source symbol should not be longer than that of a less probable source symbol

2. The codewords of the two least probable source symbols should be the same except for

their last bits.

3. Each possible sequence of length 
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bits must be used either as a codeword or must

have one of its prefixes used as a codeword.


HUFFMAN CODING ALGORITHM

A binary 0 and a binary 1, respectively, are assigned to the last bits of the two least probable source symbols in the alphabet. After that we combine them to form a new source symbol, rearrange them by their probability and keep continuing the procedures. For example:
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The procedures take can be summarized as bellow:
1. Arrange all source symbols in such a way that their occurrence probabilities are in a

nonincreasing order.

2. Combine the two least probable source symbols:

• Form a new source symbol with a probability equal to the sum of the probabilities of the two least probable symbols.

• Assign a binary 0 and a binary 1 to the two least probable symbols.

3. Repeat until the newly created auxiliary source alphabet contains only one source symbol.

4. Start from the source symbol in the last auxiliary source alphabet and trace back to each source symbol in the original source alphabet to find the corresponding codewords.

1.2 ARITHMETIC CODES
[image: image7.png]51(03) 5.(03)  8,(03) Seazs(045) 3815 (055)
S(10)
S:(025)  5,(025)  8(025) 5,(03) ]JSM(DM
S(020)  $(020)  [>S50(025) 025"

5:(040)  >S50(0.05)— | $:(020)

S5(0.10) S:(0.10) J1

o
Si(00s) 1!



[image: image8.png]Source Symbol  Occurrence Probabi cr
s, 03 10.0.3) 0
s, ot 103, 0.4) 03
s 02 104, 06) 04
S, 0.0 106, 0.65) 06
S5 ot 1065, 0.75) 065

Se 025 [075. 1.0) 075



The arithmetic coding works by dividing subintervals according to the probabilities of the source symbols and then encoded. The decoder thus uses the same but reversed arithmetical procedure to convert received signal into original symbol. This method has much more advantages and it is pretty cool. Here is an example as bellow:
The encoded symbol string 
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, by arithmetic coding.
Huffman coding is optimum as a block code for a fixed-source alphabet. On the other hand, compared with the source entropy (the lower bound of the average codeword length) it is not efficient when the probabilities of a source alphabet are skewed with the maximum probability being large. This is caused by the restriction that Huffman coding can only assign an integral number of bits to each codeword.

Another limitation of Huffman coding is that it has to enumerate and encode all the possible groups of n source symbols in the nth extension Huffman code, even though there may be only one such group that needs to be encoded. Arithmetic coding can overcome these limitations of Huffman coding because it’s stream-oriented rather than block-oriented. Therefore it doesn’t have to enumerate all the possible strings and build a mapping beforehand thus is more efficient than Huffman coding. But there are also some issues need to take care of, like eliminating multiplication, carry-over problems. Since the subintervals get closer and closer there might have chance of overflow.
Still Image Coding Standard: JPEG
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