
Preface

In the past decade there have been several books dealing with various aspects of
parallel and distributed processing systems aimed at users at different levels and
with varying interests. Those that are designed as text books are usually meant for
final year undergraduate students or graduate students in computer science. These
usually provide a general treatment of a variety of topics. The coverage is wide but
normally restricted to fundamental concepts and results. Others, which are mainly
intended to be research monographs, provide an in-depth study of some specific
aspect of parallel and distributed systems. This book belongs to the latter category
and is concerned with a class of problems in the general area of load sharing and
balancing in parallel and distributed systems.

Load scheduling/sharing has attracted a considerable amount of attention in the
computer science literature in recent times. It is one of the many ways of exploiting
the power of multiprocessor/multicomputer systems. However, most research reported
in the literature on parallel computing, attempts to achieve this goal algorithmically—
that is, by designing new and more efficient parallel algorithms in place of the
conventional sequential algorithms. A recently developed research direction has con-
centrated on exploiting possible parallelism in the data so that it can be partitioned
optimally and assigned to several processors, in order to be processed in the shortest
possible time. This leads us directly into the domain of what is known as divisible
loads. Research in this area is concerned with identifying interrelationships among
various data points in a computational load, and using this knowledge, along with
information about system-dependent constraints, to partition the data into optimally
sized segments for each processor. The simplest such load is the one that is arbi-
trarily divisible, that is, one that can be divided into any number of segments of
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any desired fractional size. Such loads are commonly encountered in applications
involving image processing, signal processing, processing of massive experimental
data, and so on. Design and analysis of strategies for distribution of such arbitrarily
divisible loads is the primary goal of this book. Another important objective of this
book is to study the trade-off relationships between communication and computation
since an important bottleneck in most load sharing problems is that of communica-
tion overheads due to delays. This is the first book in this area and it is hoped that
it will spur further research in this direction thus enabling these ideas to be applied
to a more general class of loads.

Research in this area is quite recent and is spread over both the mainstream
computer science literature as well as other literature not usually referred to by
computer scientists. This book collects all these results in one place and presents
them in a logically connected manner. Although most of the material in the book has
been developed mainly by two research groups, at the Indian Institute of Science and
at the State University of New York at Stony Brook, it also covers results by other
researchers that have either appeared or are due to appear in the literature.

The level of presentation in the book is of a research monograph. However,
one of the strengths of the book is that, unlike most such research monographs, it
provides relevant but easily understandable numerical examples and figures to illus-
trate important concepts. We trust that this will improve the readability of the book
to a great extent and make it accessible to a large number of computer scientists and
engineers. Considering that this is a research monograph, the mathematical sophisti-
cation expected of the reader is quite modest. Though we present formal and rigorous
proofs to all the results obtained here, the treatment is such that a reasonable grasp of
the basic concepts of linear algebra and discrete mathematics is sufficient to under-
stand them. Also, at one or two places (Lemmas 5.7 and 5.12 in Chapter 5), some
elementary results in mathematical analysis have been used.

The computer scientists and engineers who will find the book useful are research-
ers interested in the problem of load scheduling/sharing and load balancing, software
engineers developing codes for these problems, and researchers in the application
areas of image processing, signal processing, distributed sensor systems, and the
like, who find it beneficial to exploit the power of multicomputer systems to pro-
cess massive data files more efficiently. To a limited extent, the book will also be
of interest to operations research specialists and management scientists, since many
practical problems of production and resource management involving transportation
and distribution of unfinished goods to manufacturing units may be modeled simi-
larly.

Presently evolving computer science curricula in many universities have begun
to give considerable importance to the area of load scheduling and balancing in par-
allel and distributed systems. Advanced graduate level courses treat this topic either
independently or as part of a course on distributed processing. The area of scheduling
divisible loads provides a new and practically useful paradigm for analyzing such
problems from a perspective that is different from the conventional one. Hence, this
book, being the first in this area, can be a useful inclusion in such courses.

In this book we present the design and analysis of load distribution strate-
gies for arbitrarily divisible loads in multiprocessor/multicomputer systems subject
to system-constraints in the form of communication delays. In particular, two sys-
tem architectures—(a) Single-level tree or Star network, and (b) Linear network—


