Lossless (Text) File Compression

Introduction to File Compression

File compression is becoming increasingly important now-a-days. It is a technique which is used to decrease the size of a file. This is very useful when a file has to be transferred to floppies, and the size is slightly more than the capacity of the floppy. With the advent of the Internet, file compression has gained even more importance. It can be effectively used to save precious server space and to decrease download times. File compression can be achieved by a host of techniques. Many methods specific to file types are available.
Lossless and Lossy File Compression

File compression can be lossless or lossy. A file compressed using lossless technique can be completely regenerated. This is mainly used for text file compression since each letter must be regenerated. Lossy file compression, on the other hand, removes unnecessary data permanently and so the original file cannot be completely regenerated. This is used for image, sound and video compression since it can cause significant reduction in file size with no apparent decrease in quality. 
Basic Principle of Text File Compression

Text file compression has to be necessarily lossless. The loss of even one letter in the file is not acceptable. This compression depends on removal of redundancy. 

English is a fairly redundant language. A number of letter combinations and phrases occur frequently. Commonly redundant combinations include “ou”, ”ei”, ”ie”, “ous”, “ly”, “tion”, etc. Replacing these characters by symbols can significantly reduce the size of a large text file.

Thus, a text file compressor creates a list of frequently occurring combinations and assigns symbols to them. It then stores the modified file and also the key which is used to uncompress the file. This technique is effective only for large text files since it requires some minimum level of redundancy.
This article discusses two techniques extensively employed for text file compression, viz. the Huffman algorithm and the Lempel-Ziv algorithm.
Huffman Algorithm
Introduction and Basic Principle

The Huffman Algorithm, devised by David Huffman is an example of fixed-to-variable length coding. Characters in files are stored by their ASCII values, each taking up exactly 1 byte. This is a fixed-length code. The Huffman algorithm assigns codes to the characters depending on the frequency with which they occur in the file, giving the shortest code to the most frequently occurring character. This results in a variable length code. Huffman codes are uniquely decodable.
Algorithm

The algorithm is as follows:
1. Create a table of all the characters occurring in the file and the probabilities with which they occur.
2. Sort the list in descending order of the probabilities.
3. Combine the two least frequently occurring symbols into one symbol whose probability would be the sum of the two probabilities.

4. Repeat the above procedure till only one symbol remains. What you have is a binary tree of the various characters occurring in the file.
5. Decide left as 0 and right as 1 or vice versa.
6. To get the code for any character, trace the tree from the top down. Take 0 when moving left and 1 when moving right.

7. Replace each character with its respective code.

8. Store the binary tree in the file so that it can be uncompressed.

Explanation with Example

Consider the following sentence: “We choose to go to the moon.”

The characters occurring in this sentence with their probabilities are:
	Character
	No of times occurs
	Probability

	O
	7
	0.25

	<space> 
	6
	0.214286

	E
	3
	0.107143

	T
	3
	0.107143

	H
	2
	0.071429

	C
	1
	0.035714

	G
	1
	0.035714

	M
	1
	0.035714

	N
	1
	0.035714

	S
	1
	0.035714

	.
	1
	0.035714

	W
	1
	0.035714


Combining ‘.’ and ‘W’, and giving it the symbol ‘!’, we get:
	Character
	No of times occurs
	Probability

	O
	7
	0.25

	<space> 
	6
	0.214286

	E
	3
	0.107143

	T
	3
	0.107143

	H
	2
	0.071429

	!
	2
	0.071429

	C
	1
	0.035714

	G
	1
	0.035714

	M
	1
	0.035714

	N
	1
	0.035714

	S
	1
	0.035714


Continuing in a similar way, we assign different symbols (for convenience) to two symbols with the least probabilities. Finally, we get the following binary tree:
[image: image1.jpg]



From the above table, the codes for the characters are:
	Character
	Code
	Earlier Length (bits)
	Final Length (bits)
	Earlier Length in file
	Final Length in file

	O
	01
	8
	2
	56
	14

	<space> 
	10
	8
	2
	48
	12

	E
	110
	8
	3
	24
	9

	T
	111
	8
	3
	24
	9

	H
	0001
	8
	4
	16
	8

	C
	00000
	8
	5
	8
	5

	G
	000010
	8
	6
	8
	6

	M
	000011
	8
	6
	8
	6

	N
	00110
	8
	5
	8
	5

	S
	00111
	8
	5
	8
	5

	.
	00100
	8
	5
	8
	5

	W
	00101
	8
	5
	8
	5

	
	224
	89


As seen from the above table, the size of the actual file has reduced by 60.27%. The binary tree also has to be stored in the file, which would increase the length of the file. Hence, the compression would not be significant. It is evident from the above example that larger text files would be significantly reduced in length by this method.
Effectiveness

The Huffman algorithm is quite effective for compression in almost all file formats. Different versions of this algorithm can be designed for optimum compression. These versions mainly differ in the method of creating the Huffman tree.
Lempel-Ziv Algorithm
Introduction and Basic Principle

The Lempel-Ziv algorithm is the most preferred one for lossless file compression. This is mainly due to its adaptability to different file formats. This algorithm achieves a variable-to-variable length coding. It searches for frequently occurring phrases i.e. combinations of symbols and replaces them by a single symbol. It maintains a dictionary of these phrases and appends it to the final file. The length of the dictionary is fixed to a certain value. In case of small files, the length of the dictionary may exceed the length of the original file, but for large files, this method is very effective.
Algorithm

1. Assign the zeroth entry in the dictionary to the NULL character i.e. D(0)=’\0’;
2. Take the largest phrase not in the dictionary, and express it in the form D(x)=D(y)+’n’ where x is the number of the current entry, y is the number of some previous entry and ‘n’ is any character. Store that phrase in D(x) and replace the phrase with y’n’. e.g. If D(1)=”a” and the file contains “ab” then store “ab”=D(1)+’b’ in the current entry and replace “ab” in the file with 1a.
3. Repeat step 2 till end of file.
Explanation with Example

For the LZ algorithm to achieve actual compression, the size of the text file must be significantly large. To simulate the redundancy in a large text file, we shall take a string of 30 characters comprising of only ‘a’ and ‘b’ in random order. The string we shall use is: “abbabbbbabbbbabbabaaababbabbab”

The algorithm will follow the following steps:

1. Initialize D(0)=’\0’

2. Take D(1)=D(0)+’a’=”a”. Replace “a” by 0a.
3. Take D(2)=D(0)+’b’=”b”. Replace “b” by 0b.

4. Since b is already in the dictionary, take D(3)=D(2)+’a’=”ba”. Replace “ba” by 2a.
5. Since b is already in the dictionary, take D(4)=D(2)+’b’=”bb”. Replace “bb” by 2b.

6. Since “bb” is already in the dictionary, take D(5)=D(4)+’a’=”bba”. Replace “bba” by 4a.

Proceeding thus, the entire string is divided in to following phrases:

a | b | ba | bb | bba | bbb | bab | baba | aa | babb | ab | bab
The dictionary would be:

	Index
	Value
	Expressed as
	Number of bits required

	0
	\0 (NULL)
	
	8

	1
	a
	0a
	8

	2
	b
	0b
	8

	3
	ba
	2a
	10

	4
	Bb
	2b
	10

	5
	bba
	4a
	11

	6
	bbb
	4b
	11

	7
	bab
	3b
	10

	8
	baba
	7a
	11

	9
	aa
	1a
	9

	10
	babb
	7b
	11

	11
	ab
	1b
	9


The file would be 0a | 0b | 2a | 2b | 4a | 4b | 3b | 7a | 1a | 7b | 1b | 7’\0’

As you can see, the file itself contains the dictionary. The original file has 30 characters, hence occupies 30 x 8 = 240 bits. Since numbers are stored in binary, they take up only as much space as their binary equivalents. Hence, as shown, the file takes only 116 bits. Considering 1 byte for each delimiter, we have 11 x 8 = 88 bits. Thus, we have 116 + 88 = 204 bits. Thus, the file is reduced by 15%.
Effectiveness

The example above shows lesser compression than the Huffman Algorithm, but for large files, the LZ algorithm is found to be more efficient. It can also adapt to different file formats better. LZ algorithm also has a lot of variations. Two distinct forms of the LZ algorithm are LZ77 and LZ78. They have also evolved into further forms. Popular forms are LZW, LZH, LZC etc.
Comparison of the Two Algorithms

The LZ algorithm is the more adaptive of the two to different file formats, although both the algorithms can be suitably varied to achieve better compression.

The LZ algorithm can also be used in continuous data transmission, where the receiver maintains pointers to the previously encountered patterns and can thus decode constantly. This is a very useful feature of the LZ algorithm.
The Huffman algorithm is better suited to smaller files, although compression is not significant for very small files.

On the whole, the LZ algorithm is preferred over the Huffman algorithm, and a number of popular file compression utilities use variations of this algorithm.
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