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Data Compression

Data compression is the process of reducing the number of bits used to represent
data, It is one of the most significant results of information theory, an area of
mathematics that addresses various ways to manage and manipulate information,
Data compression entails two processes: in one process the data is compressed, or
encoded, to reduce its size; in a second process it is uncompressed, or decoded, to
return it to its original state.

To understand why data compression is possible, we must first understand that all
data can be characterized by some informational content, called its entropy (a term
borrowed from thermodynamics). Compression is possible because most data is
represented with more bits than its entropy suggests is optimal. To gauge the
effectiveness of compression, we look at the ratio of the size of the compressed
data divided by its original size, and subtract this from 1. This value is known as
the data’s compression ratio.

In the broadest sense, data compression methods are divided into two classes:
lossy and lossless. In lossy compression we accept a certain loss of accuracy in
exchange for greater compression ratios. This is acceptable in some applications,
such as graphics and sound processing, provided the degradation is managed
carefully, However, frequently we use lossless compression, which ensures that an
exact copy of the original data is reproduced when uncompressed.

This chapter focuses on lossless compression, for which there are two general
approaches: minimum redundancy coding and dictionary-based methods, Mini-
mum redundancy coding achieves compression by encoding symbols that occur
with great frequency using fewer bits than for those that occur less often.
Dictionary-based methods encode data in terms of tokens that take the place of
redundant phrases. Example 14-1 is a header for the compression methods pre-
sented in this chapter.
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366 Chapter 14: Data Compression

This chapter covers:

Bit operations
An important part of data compression because most methods require operat-
ing on data one bit at a time to some degree, C provides a number of bitwise
operators that can be used to implement an extended class of bit operations.

Huffman coding
One of the oldest and most elegant forms of compression based on minimum
redundancy coding. Fundamental to Huffman coding is the construction of a
Huffman tree, which is used both to encode and decode the data. Huffman
coding is not the most effective form of compression, but it runs fast both
when compressing and uncompressing data.

L1777 (Lempel-Ziv-1977)
One of the fundamental methods of dictionary-based compression. LZ77 uses
a sliding window and a look-ahead buffer to encode symbols in terms of
phrases encountered earlier in the data. LZ77 generally results in better com-
pression ratios than Huffman coding, but with longer compression times.
However, uncompressing data is generally very fast.

Some applications of lossless data compression are:

Software distribution
The process of delivering software on various media. When distributing soft-
ware on physical media, such as compact discs or magnetic tapes and dis-
kettes, reducing the amount of storage required can produce considerable cost
savings in mass distributions.

Archiving
Collecting groups of files into organized libraries. Typically, archives contain ;
large amounts of data. Thus, after creating archives, frequently we compress '
them.

Mobile computing !
An area of computing in which devices typically have limited amounts of t
memory and secondary storage. Mobile computing generally refers to comput- \
ing with small, portable devices such as advanced programmable calculators,
electronic organizers, and other personal computing devices. |

Optimized networking (illustrated in this chapter)
Compression is used especially when sending large amounts of data across
wide-area networks. Bandwidth at certain points along wide-area networks is
often limited. Although compressing and uncompressing data does require
time, in many network applications the cost is well justified.

Embedded applications
An area of computing similar to mobile computing in that devices typically have ‘
somewhat limited amounts of memory and secondary storage. Examples of }
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