Chapter 4                                                                                                Compression                     


Data Compression
What is Compression?

Compression basically employs redundancy in the data:

• Temporal — in 1D data, 1D signals, Audio etc.

• Spatial — correlation between neighboring pixels or data items

• Spectral — correlation between colour or luminescence components. This uses the frequency domain to exploit relationships between frequency of change in data.

• Psycho-visual — exploit perceptual properties of the human visual system.

Lossless v Lossy Compression
Compression can be categorised in two broad ways:

Lossless Compression — Entropy Encoding Schemes, LZW algorithm used in GIF image file format.

Lossy Compression — Source Coding Transform Coding, DCT used in JPEG/MPEG etc.
Lossless Compression Algorithms
1- Simple Repetition Suppression

If a sequence a series on n successive tokens appears

• Replace series with a token and a count number of occurrences.

• Usually need to have a special flag to denote when the repeated token appears

For Example

            89400000000000000000000000000000000

we can replace with

            894f32

where f is the flag for zero.

Applications of this simple compression technique include:
• Suppression of zero’s in a file (Zero Length Suppression)

      – Silence in audio data, Pauses in conversation etc.

      – Blanks in text or program source files

      – Backgrounds in images

• Other regular image or data tokens

2- Run-length Encoding

This encoding method is frequently applied to images (or pixels in a scan line). It is a small compression component used in JPEG compression.
In this instance:

• Sequences of image elements X1,X2, . . . ,Xn (Row by Row)

• Mapped to pairs (c1, l1), (c2, l2), . . . , (cn, ln)

where ci represent image intensity or colour and li the length of the ith run of pixels

 Example

Original Sequence:

                           111122233333311112222

can be encoded as:

                           (1,4),(2,3),(3,6),(1,4),(2,4)

How Much Compression?

The savings are dependent on the data.

In the worst case (Random Noise) encoding is more heavy than original file:

2*integer rather 1* integer if data is represented as integers.

3- Pattern Substitution
This is a simple form of statistical encoding. Here we substitute a frequently repeating pattern(s) with a code. The code is shorter than pattern giving us compression. A simple Pattern Substitution scheme could employ predefined codes

For example replace all occurrences of ‘The’ with the predefined code ’&’. So:

              The code is The Key

Becomes:

              & code is & Key

More typically tokens are assigned to according to frequency of occurrence of patterns:

• Count occurrence of tokens

• Sort in Descending order

• Assign some symbols to highest count tokens. A predefined symbol table may used i.e. assign code i to token T. (E.g. Some dictionary of common words/tokens)

4- Huffman Coding
• Based on the frequency of occurrence of a data item  (pixels or small blocks of pixels in images).

• Use a lower number of bits to encode more frequent data

• Codes are stored in a Code Book 
• Code book constructed for each image or a set of images.

• Code book plus encoded data must be transmitted to enable decoding.

Encoding for Huffman Algorithm:( A bottom-up approach)
1. Initialization: Put all nodes in an OPEN list, keep it sorted at all times.

2. Repeat until the OPEN list has only one node left:

(a) From OPEN pick two nodes having the lowest frequencies/probabilities, create a parent node of them.

(b) Assign the sum of the children’s frequencies/probabilities to the parent node and insert it into OPEN.

(c) Assign code 0, 1 to the two branches of the tree, and delete the children from OPEN.
Example:
A simple example will be used to illustrate the algorithm: 

Consider the data 

              ABBAAAACDEAAABBBDDEEAAA........
Where

	Symbol
	A
	B
	C
	D
	E

	Count
	15
	7
	6
	6
	5
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	Symbol
	Count
	Code
	Subtotal (# of bits)

	A
	15
	0
	15

	B
	7
	100
	21

	C
	6
	101
	18

	D
	6
	110
	18

	E
	5
	111
	15

	                                                TOTAL (# of bits): 87


The following points are worth noting about the above algorithm:
• Decoding for the above  algorithm is trivial as long as the coding table/book is sent 
• If prior statistics are available and accurate, then Huffman coding is very good.

Huffman Coding of Images
In order to encode images:

• Divide image up into (typically) 8x8 blocks

• Each block is a symbol to be coded

• Compute Huffman codes for set of block

• Encode blocks accordingly

• In JPEG: Blocks are DCT coded first before Huffman may be applied  
5- Adaptive Huffman Principle

• In an optimal tree for n symbols there is a numbering of the nodes y1<y2<... <y2n-1 such that their corresponding weights x1,x2, ... , x2n-1 satisfy:  x1 < x2 < ... < x2n-1
That is, if there is such a numbering then the tree is optimal. We call this the node number invariant.

Initialization

• Symbols a1, a2, ... ,am have a basic prefix code, used when symbols are first encountered. Example: a, b ,c, d, e, f, g, h, i, j.
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The tree will encode up to m + 1 symbols including NYT (Not Yet Transmitted).

• We reserve numbers 1 to 2m + 1 for node numbering.

• The initial Huffman tree consists of a single node:
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Coding Algorithm

1. If a new symbol is encountered then output the code for NYT followed by the fixed code for the symbol. Add the new symbol to the tree by splitting NYT.

2. If an old symbol is encountered then output its code.

3. Update the tree to preserve the node number invariant.

Decoding Algorithm

1. Decode the symbol using the current tree.

2. If NYT is encountered then use the fixed code to decode the symbol. Add the new symbol to the tree.

3. Update the tree to preserve the node number invariant.

Updating the Tree

1. Let y be a leaf (symbol) with current weight w.

2. If y is the root, then increase w by 1, otherwise:

3. Exchange y with the largest numbered node with the same weight (unless it is y’s ancestor).
4. Increase w by 1.

5. Let y be the parent with its weight w and go to 2.

Example

• aabcdad in alphabet {a,b,..., j}
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Output=000
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Output=0001
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Output=00010001
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Output=0001000100010
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Output=0001000100010000011
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Output=00010001000100000110
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Output= 000100010001000001101101

6- Arithmetic Coding
• A widely used entropy coder

• Also used in JPEG
• Only problem is it’s speed due possibly complex computations due to large symbol tables,

• Good compression ratio (better than Huffman coding), entropy around the Shannon Ideal value.

Basic Idea

The idea behind arithmetic coding is
• To have a probability line, 0–1, and

• Assign to every symbol a range in this line based on its probability,

• The higher the probability, the higher range which assigns to it.

Once we have defined the ranges and the probability line,
• Start to encode symbols,

• Every symbol defines where the output floating point number lands within the range.

Example: 
Simple Basic Arithmetic Coding Example:
Assume we have the following token symbol stream

                              BACA

Therefore, A occurs with probability 0.5, B and C with probabilities 0.25.

•  Start by assigning each symbol to the probability range 0–1 (Initial High = 1.0, Low = 0.0).
• Sort symbols highest probability first

Symbol          Range

A                   [0.0, 0.5)

B                   [0.5, 0.75)

C                   [0.75, 1.0)

The first symbol in our example stream is B

• We now know that the code will be in the range 0.5 to 0.74999 . . ..

• We will consider  Ohigh of  A =0.5 , OLow of A =0 and Orang of A =OHigh – Olow and similar consideration in the other symbols.
Range is not yet unique

• Need to narrow down the range to give us a unique code.
• Subdivide the range for the first token given the probabilities of the second token then the third etc.

Subdivide the range as follows

For all the symbols

• Range2 = high1 – low1
• High2 = low1 + range2 * Ohigh 
• Low2 = low1 + range2 * Olow 
Where:

• Range, keeps track of where the next range should be.

• High and low, specify the output number.

Back to our example

The second symbols we have

(now Range2 = 0.25, Low1 = 0.5, High1 = 0.75):
                  Symbol           Range

                   BA                  [0.5, 0.625)

Third Iteration

We now reapply the subdivision of our scale again to get for our third symbol

(Range3 = 0.125, Low2 = 0.5, High2 = 0.625):

                Symbol                    Range
                  BAC                        [0.59375, 0.625)

Fourth Iteration

Subdivide again

(Range4 = 0.03125, Low3 = 0.59375, High3 = 0.625):

           Symbol         Range

             BACA           [0.59375, 0.60937)

So the (Unique) output code for BACA is any number in the range:

                         [0.59375, 0.60937).

Decoding

To decode is essentially the opposite

• We compile the table for the sequence given probabilities.

• Find the range of number  which the code number lies and carry on
       1- display the symbol x1 , where t1 in the range [Olow, Ohigh); i=0
       2-  i =i+1

       3-  t i+1 = ( ti-Olow of xi)*1/Orange of xi
       4-  display the symbol xi+1 , where ti+1 in the range [Olow, Ohigh)

       5- if i <n Goto 2
Where n is the number of the Symbols.
7- Lempel-Ziv-Welch Algorithm

Suppose we want to encode the Webster's English dictionary which contains about 159,000 entries. Why not just transmit each word as an 18 bit number? 

Problems: (a) Too many bits, (b) everyone needs a dictionary, (c) only works for English text. 

Solution: Find a way to build the dictionary adaptively. 

Original methods due to Ziv and Lempel in 1977 and 1978. Terry Welch improved the scheme in 1984 (called LZW compression). It is used in e.g., UNIX compress, GIF. 
LZW Compression Algorithm: 

Read OLD_CODE
output OLD_CODE
WHILE there are still input characters DO
    Read NEW_CODE
    STRING = get translation of NEW_CODE
    output STRING
    CHARACTER = first character in STRING
    add OLD_CODE + CHARACTER to the translation table
    OLD_CODE = NEW_CODE
END of WHILE

Example:  Input string is "^WED^WE^WEE^WEB^WET". 
	Old
	New
	Output
	Index
	Symbol

	NIL
	^
	 
	 
	 

	^
	W
	^
	256
	^W

	W
	E
	W
	257
	WE

	E
	D
	E
	258
	ED

	D
	^
	D
	259
	D^

	^
	W
	 
	 
	 

	^W
	E
	256
	260
	^WE

	E
	^
	E
	261
	E^

	^
	W
	 
	 
	 

	^W
	E
	 
	 
	 

	^WE
	E
	260
	262
	^WEE

	E
	^
	 
	 
	 

	E^
	W
	261
	263
	E^W

	W
	E
	 
	 
	 

	WE
	B
	257
	264
	WEB

	B
	^
	B
	265
	B^

	^
	W
	 
	 
	 

	^W
	E
	 
	 
	 

	^WE
	T
	260
	266
	^WET

	T
	EOF
	T
	 
	 


A 19-symbol input has been reduced to 7-symbol plus 5-code output. Each code/symbol will need more than 8 bits, say 9 bits. 
LZW Decompression Algorithm: 

Read OLD_CODE
output OLD_CODE
CHARACTER = OLD_CODE
WHILE there are still input characters DO
      Read NEW_CODE
      IF NEW_CODE is not in the translation table THEN
           STRING = get translation of OLD_CODE
           STRING = STRING+CHARACTER
      ELSE
           STRING = get translation of NEW_CODE
      END of IF
      output STRING
      CHARACTER = first character in STRING
      add OLD_CODE + CHARACTER to the translation table
      OLD_CODE = NEW_CODE
END of WHILE

Example (continued): Input string is "^WED<256>E<260><261><257>B<260>T". 
	Old
	New
	Output
	Index
	Symbol

	 
	^
	^
	 
	 

	^
	W
	W
	256
	^W

	W
	E
	E
	257
	WE

	E
	D
	D
	258
	ED

	D
	<256>
	^W
	259
	D^

	<256>
	E
	E
	260
	^WE

	E
	<260>
	^WE
	261
	E^

	<260>
	<261>
	E^
	262
	^WEE

	<261>
	<257>
	WE
	263
	E^W

	<257>
	B
	B
	264
	WEB

	B
	<260>
	^WE
	265
	B^

	<260>
	T
	T
	266
	^WET
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