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Parallel Algorithms for Digital Signal Processing

Preface

Parallel processing is setting off a revolution in computer area
and even the whole scientific and technical area. At present, mas-
sively parallel processing (MPP) is the direction of high perfor-
mance computing. MPP system can own thousands upon thousands
process units, adopt distributed memory and message passing archi-
tecture, and the top peak-speed of it had come up to 3. 9 Tera
FLOPS. It is undoubted that such a high performance computer is
the ideal tool of real-time signal processing and many other in-
tractable problems. In recent years, real-time signal processing with
parallel computers has become the research wave in the world.
However, the difficulties of using parallel computers, especially
MPP computers, are far beyond that of sequential computers. A
key problem is designing suitable parallel algorithms. In fact, the
actual computing speed may far lower than the peak speed if algo-
rithms are not suitable for parallel computers, this means that a
large amount of computing resources would be wasted. In particu-
lar, the actual computing speed of a MPP computer may only one
fifth of its peak speed, and even lower. Since known fast algo-
rithms are not definitely fast on parallel computer, algorithms must
be redesigned for parallelism. Besides parallel computer, high speed
local area network (LAN) or workstation cluster is also a good tool
for real-time signal processing. Owing to the standard Message
Passing Interface (MPI) and parallel programming tools, such as
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Parallel Virtual Machine (PVM), designing parallel algorithms on
network is similar to that on MPP computer, only need further de-
creasing the amount of communication, increasing parallel granular-
ity.

Early at the end of the 1980s, the government of the United
States proposed the “High Performance Computing Project”
(HPCP). One of the key problems in the project is looking for par-
allel algorithms suitable to up-to-date high performance computer.
In America, high performance computer has found wide application
in signal processing area, such as image processing using CM sys-
tem, the research of public key system using networks, etc. In Chi-
na, “Large Scale Scientific and Engineering Computing” has been
high on the list of National Scale Project, and parallel algorithm re-
search is also regarded as parts of the key basic research programs
which was just made by the Ministry of Science and Technology. In
recent years, the study of parallel algorithms in signal processing
has yielded many good results, but there are few related books. A-
long with the wide application of YH series, SG series, SZ series
and other imported parallel computers, it urgently needs a book to
guiding the research of signal processing with high performance
computer.

The major parts of this book are parallel algorithms of basic
problems in digital signal processing. First, some basic problems
and conceptions of parallel computing are introduced, such as paral-
lel computer, parallel algorithm, parallel computing model, parallel
programming, etc. Meanwhile, a summing-up about the state and
the developing tendency of parallel computing is made. Its purpose
is to enable the reader who does not specialize in parallel computing
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to grasp the basic conceptions and the theories of parallel comput-
ing. It is also helpful for those who have known parallel computing
very well, Next, a detailed description of parallel algorithms of ba-
sic problems in digital signal processing is given, including discrete
Fourier transform (DFT), discrete cosine transform (DCT), dis-
crete W transform(DWT), and discrete convolution. Since the ap-
plication of wavelet analysis started a revolution in signal processing
area, its parallel algorithm is then especilly discussed. The foregoing
problems are the fundament of the whole signal processing area,
and can be applied to all branches of signal processing. Digital image
processing has found widest application in signal processing area,
and it is always a focus in the area since the demanded volume of
processing data is very large. A special discussion of it is given. As
a relatively new area in signal processing, the idea of neural network
can be traced to the same origin of parallel processing. Large scale
parallel processing is a intrinsic characteristic of person’s cerebrum,
so parallel algorithms of neural network are discussed especially.
Computer network started a revolution in the world. The security
of messages on networks is a focus today, and public key system is a
relatively ideal way for network message enciphering. As the theo-
retical fundament of public key system RSA and other cryptosys-
tems, factorization and primality has become a research wave in the
world today. Undoutedly, the application of number theory in sig-
nal processing will be wider and wider. So, parallel algorithms of
factorization and primallty are also discussed.

The author has engaged in the study of fast algorithms and
parallel algorithms of signal processing for a long period of time,
and has completed many research tasks granted by the national na-
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ture science fundation, national 863 projeet, national defence pro-
ject etc. Some reasearch achivements of the author are included in
the book. Chapter one to four are written by Yong Hong Zeng,
chapter five and six by Li Zhi Cheng,and chapter 7 by Min Zhou.
This book is supported by the national nature science fundation.

This book will be of special interest to those who are engaged
in the area of signal processing or parallel computing. It can also be
used as a textbook or a reference book for Masteral or Doctoral
graduate students.

We would like to express our acknowledgement to prof. Zeng
Rong Jiang for his encouragement and assistant. Particular thanks
are also due to prof. Xiao Mei Li who offered helpful advice on the
part of the manuscript.

We are indebted to the people, including Doctoral graduate stu-
dents J. P. Wu and L. L. Zhang, graduate student L. J. He for their
participating in the discussion and program debugging for the book.
And further thanks are due to State Key Laboratory of Parallel and
Distributed Processing, Mathematics Technology laboratory of Na-
tional University of Defense Technology, and RDCPS of The Chi-
nese Academy of Sciences, for providing kind conditions of experi-

ment.

Y. H. Zeng
L.Z.Cheng
M. Zhou
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