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Automatic Synthesis of Compression Techniques for
Heterogeneous Files
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SUMMARY

We present a compression technique for heterogeneous files, those files which contain multiple types of
data such as text, images, binary, audio, or animation. The system uses statistical methods to determine
the best algorithm to use in compressing each block of data in a file (possibly a different algorithm for
each block). The file is then compressed by applying the appropriate algorithm to each block. We obtain
better savings than possible by using a single algorithm for compressing the file. The implementation
of a working version of this heterogeneous compressor is described, along with examples of its value
toward improving compression both in theoretical and applied contexts. We compare our results with
those obtained using four commercially available compression programs, PKZIP, Unix compress, Stuffl,
and Compact Pro, and show that our system provides better space savings.

KEY WORDS: adaptive/selective data compression algorithms; redundancy metrics; heterogeneous files; program synthesis

INTRODUCTION

The primary motivation in studying compression is the savings in space that it provides.
Many compression algorithms have been implemented, and with the advent of new hard-
ware standards, more techniques are under development. Historically, research in data com-
pression has been devoted to the development of algorithms that exploit various types of
redundancy found in a file. The shortcoming of such algorithms is that they assume, often
inaccurately, that files are homogeneous throughout. Consequently, each exploits only a
subset of the redundancy found in the file.

Unfortunately, no algorithm is effective in compressing all files.! For example, dynamic
Huffman coding works best on data files with a high variance in the frequency of individ-
ual characters (including some graphics and audio data), achieves mediocre performance on
natural language text files, and performs poorly in general on high-redundancy binary data.
On the other hand, run length encoding works well on high-redundancy binary data, but
performs very poorly on text files. Textual substitution works best when multiple-character
strings tend to be repeated, as in English text, but this performance degrades as the average
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length of these strings decreases. These relative strengths and weaknesses become critical
when attempting to compress heterogeneous files. Heterogeneous files are those which con-
tain multiple types of data such as text, images, binary, audio, or animation. Consequently,
their constituent parts may have different degrees of compressibility. Because most com-
pression algorithms are either tailored to a few specific classes of data or are designed to
handle a single type of data at a time, they are not suited to the compression of heteroge-
neous files. In attempting to apply a single method to such files, they forfeit the possibility
of greater savings achievable by compressing various segments of the file with different
methods.

To overcome this inherent weakness found in compression algorithms, we have developed
a heterogeneous compressor that automatically chooses the best compression algorithm to
use on a given variable-length block of a file, based on both the qualitative and quantita-
tive properties of that segment. The compressor determines and then applies the selected
algorithms to the blocks separately. Assembling compression procedures to create a specif-
ically tailored program for each file gives improved performance over using one program
for all files. This system produces better compression results than four commonly available
compression packages, PKZIP,> Unix compress,® Stufflt, and Compact Pro’ for arbitrary
heterogeneous files.

The major contributions of this work are twofold. The first is an improved compression
system for heterogeneous files. The second is the development of a method of statisti-
cal analysis of the compressibility of a file (its redundancy types). Although the concept
of redundancy types is not new,*’ synthesis of compression techniques using redundancy
measurements is largely unprecedented. The approach presented in this paper uses a straight-
forward program synthesis technique: a compression plan, consisting of instructions for each
block of input data, is generated, guided by the statistical properties of the input data. Be-
cause of its use of algorithms specifically suited to the types of redundancy exhibited by
the particular input file, the system achieves consistent average performance throughout the
file, as shown by experimental evidence.

As an example of the type of savings our system produces, consider compressing a
heterogeneous file (such as a small multimedia data file) consisting of 10K of low redun-
dancy (non-natural language) ASCII data, 10K of English text, and 25K of graphics. In
this case, a reasonably sophisticated compression program might recognize the increased
savings achievable by employing Huffman compression, to better take advantage of the fact
that the majority of the data is graphical. However, none of the general-purpose compres-
sion methods under consideration are optimal when used alone on this file. This is because
the text part of this file is best compressed by textual substitution methods (e.g., Lempel-
Ziv) rather than statistical methods, while the low-redundancy data® and graphics parts
are best compressed by alphabetic distribution-based methods (e.g., arithmetic or dynamic
Huffman coding) rather than Lempel-Ziv or run-length encoding. This particular file totals
45K in length before compression. A compressor using pure dynamic Huffman coding only
achieves about 7 per cent savings for a compressed file of length 42.2K. One of the best
general-purpose Lempel-Ziv compressors currently available®® achieves 18 per cent sav-
ings, producing a compressed file of length 37.4K. Our system uses arithmetic coding on
the first and last segments and Lempel—-Ziv compression on the text segment in the middle,
achieving a 22 per cent savings and producing a compressed file of length 35.6K. This is
a 4 per cent improvement over the best commercial system.

* This denotes, in our system, a file with a low rate of repeated strings.
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