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Lossless and Lossy Compression
Algorithms
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Encoding Table

Figore 121 Example of o Hulliman encoding table with the

corespondiig decoding tree.

Figure 121 Block diagram of the Lei-Sun VLC encoder.
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Table 121 Example of operation of the VLC encoder.
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The Inventors: Lempel and Ziv

Improvements in the feld of data compression up until the late 1970's were chiefly directed towards creating better methodologies for Huffinan Coding. In order to obtain the necessary frequencies of
symbols in the data to be compressed, these methods etther had to rely on the abdlity to predict such occurrences or would require that the text be read in beforehand.

In 1977, two Leraeli information theorists, Abraham Lempel and Jacob Ziv, ntroduced a radically different way of compressing data - one which would avoid the uncertainty of making predictions or the

wastefulness of pre-reading data. LZ77 and LZ78, two dictionary-based data compression techniques described by these two researchers, provided a whole new way of viewing the world of data
COmMpression.
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Z1v-Lempel Codes

Lempel-Ziv Variants
The highty innevative LZ7T7 and LZ78 methods, although usually referred to as the singular Lempel-Ziv (LZ) or Ziv-Letnpel method, are i fact considerably different. Both algorithmns are based on the
principle of storing pointers to the data. The pomters malkee references to phrases which have made previous appearances. In both cases, encoding proceeds "on the fly," so that as symbols are read m,
more and more phrases are stored (in that respect, the L7 compression techriques are a bt hike a suffix trie). It iz imp ortant, however, to note that L2277 and LZTE are distinct. The method which will be
discussed here, and which will later be treated as "the” Lempel-Ziv compression techrieque, 13 i reality the latter of the two.

Lempel and Ziv's compression techriques of 77 and 78 gave nise to a series of vanants which form part of the LZ family. The vanants are essentially identical to the method from which they origmate
{etther LZT7 or LZ78). Vanations have to do with factors such as establishing how many bits to uze for certam boundaries. & st of these coding algonthms is prewided below (Table 1)

LZ77 Variants | LZE | LZ35 | LZE | LZH
LZ78 Variants LZW LZC |LZT |LZWCW | LZT | LZFG
Table 1: 1LZ77 and LZ78 Vanants

Az an example, the zp and unap methods use the LZH techique. TN compress methods, on the other hand, belong to the LZW and LZC classes.

A question that would naturally arise at thiz point 1z "Why so many vanants?" The answer 1z patents. Disputes over patenting have actually slowed down the evolubonary progress of the LZ method.
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General Overview

To dlustrate the LZ compression technique, we talke a simple alphabet containing only two letters, a and b, and create a sample stream of text. An example of such a stream is shown below (Figure 1

aaababbbaaabaaaaaaabaabb

Figure 1: A stream of a's and b's in a sample text
Rule: Separate thiz stream of characters ito pieces of text so that the shortest piece of data iz the string of characters that we have not seen so far,

Accordmg to the above rule, we see that the first piece of our sample text 1s a. The second piece must then be aa. If we go on lke this, we obtain the brealedown of data dlustrated in Figure 2:

aaababbbaaabaaaaaaabaabb

alaalblablbblaaalbal%aéiaablaabb i

VALN

Figure 2: How a sample text gets broken up

FEEnN unseen
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Sender : The Compressor

Before compression, the pieces of text obtamed i the brealung-down process must be mdexzed from 1 to n, as m Figure 3 below:

0|a|aa|b|ab|bb|aaa|ba|aaaa|aab|aabb

Figure 3: Indemng the preces of our sample text

14



These indices are used to number the pieces of data. The empty string (start of text) has ndex 0. The piece ndexed by 11z a. Thus a, together with the mitial string, must be numbered
Qa. String 2, aa, will be numbered la, because it contains a, whose index 15 1, and the new character a. In this way, we proceed to number all the pieces in terms of those that came
before them. Jee Figure 4 for an dlustration of this techmicue:

ajaa blablbb|aaa|ba|aaaa|aab|aabb I

0a|1a 0b|1b|3b|2a|3a|6a|2b|9b |

Figure 4: "Mumbering" each phraze in the text

Az we can see, this process of renaming pieces of text starts to pay off Small integers replace what were once long stings of characters. We can now throw away our old stream of
text and send the encoded mformation to the recemver, as will be discussed in the next section.
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Bit Representation of Coded Information

HNow, we wish to calculate the number of bitz needed to represent this coded mbormation. Az we have seen before, each piece of text 12 compozed of an mteger and a letter from our
alphabet.

The number of bits needed to represent each integer with index n1is at most equal to the number of bits needed to represent the (n- 1ith index. For example, the number of bits needed
to represent & in plece B i equal to 3, because it talces three bits to express 7 (the {n-1)th index) in binary.

Ewery character will occupy 8 bits because it will be represented n TS ASCI format. Figure 5 dlustrates this thinkmg process:

8 bits (US ASCIT text)  ~
0af1afob|1b]3b]2a]32 64 2bob

no hits 1 hit 2 hits 3 hits 4 hits

Figure 5: Calculating the number of bits occupied by each phrase
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" Receiver: The Decompressor (lmplementation)

Smce the recerver knows exactly where the boundanes are, there 12 no problem m reconstructing the stream of text.

It 15 preferrable to decompress the fle m one pass; otherwaze, we will encounter a problem with temp orary storage. This feature allows you to process many megs of information at
one tire.

Civen the code, the receiver constructs a trie "on the fly". This must be identical to the tre contructed by the sender. Tt is dlustrated below (Figure &):

Figure 6: The trie built from our sample stream of a's and b's

Note: To find the contents of a particular piece, trace the path from the node to the root. For example, prece 2 will contan 1a.

The structure shown abowe 15 called a digital search tree and 15 part of the trie famuly. It 12 different from the standard trie because the mternal nodes do not ve only n the leaves,

17
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The encoder's dictionary 1o this point is shown below.
dictionary address  dictionarv entry

"y
0 oo ndhaling
2 g, 1 anw
3 21
4 2,0
5 1,0
6 51
7 4,1
2 1,0
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10 11
] 31
12 4,0
13 &, 1
14 fo entry vet
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