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Abstract

In the process of algorithm design, an innovative use of certain data structure or
computational technique suited for the given problem can greatly improve the per-
formance of the algorithm. In this thesis we investigate the problem of using tech-
niques and data structures in data compression area to aid design and analysis of
algorithmic problems in cther areas. The study is motivated by the fact that the
best compression algorithms are the ones that utilize various techniques to explore
and predict the statistical pattern of the inputs well and then tailor the algorithms
to suit the input pattern in most efficient way.

First we give an overview on data structures and techniques in data compression
area. We then demonstrate the effectiveness of data compression techniques by case
studies of four fundamental problems in different areas: sorting, string matching,
volume rendering and graph compression. We assume certain statistical properties
of the input source that hold widely for practical input data. For example, in the
sorting problem we assume that the inputs are binary keys drawn from a stationary
and ergodic source with bounded entropy, while in the volume rendering problem
we assume the inputs are 3-D image data samples. Based on these assumptions, we
present novel algorithms for these problems which utilize various data structures and
techniques in data compression area to speed up computation. The time complex-
ities of our algorithms are determined by the specific input assumptions and data
compression techniques used. Data compression techniques, such as unique parsing,
prefix matching, dictionary construction, lossy image compression and Huffman cod-
ing, are used to aid many aspects of algorithm design such as algorithmic procedures,

operations on data structures, theorem proving and complexity analysis.

Based on a concrete study of these problems, we propose a theoretical framework
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