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FOREWORD

The explosive growth in the use of computers in all parts of society has
caused a very rapid increase in the use of huge databases to track vital
information in business, government, and academia. The need to rapidly
manipulate very large amounts of data of different types has created the
need for a special class of machines to manage the high volume of work
that must be done in a very short time to provide meaningful query
response. More important, there is also a need for design and evaluation
methodologies for these database machines. Such methodologies are
becoming generally available for general-purpose computers, but so far
have not been developed for database machines. Until now, the design and
evaluation of database machines has been an art. This book, by describing
methodologies for design analysis and performance evaluation, including
the application of quantitative principles, moves the field away from art
and toward engineering science. The methodologies will help us achieve
more effective database machines upon which we will become increasingly
dependent in this information age.

Database computers are radically different from general-purpose
machines. They are uniquely tailored to manipulate large volumes of
information and to analyze the relationships between pieces of information
in the database. They must handle extremely high volumes of transactions
between the processor and the data stored on external devices and at the
same time be efficient at the computation-intensive tasks involving
analysis and manipulation of the relationships in the database. Tailoring
the hardware to handle these different tasks and designing software to take
maximum advantage of the machine and provide satisfactory response to
the user present a unique set of challenges to the designer, who must
understand the models used to describe databases and the model-based
languages used to develop software for database systems. This book
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xxii DATABASE COMPUTER METHODOLOGIES FOREWORD

assists the designer and evaluator of these unique systems by providing
quantitative methodologies for design analysis and performance evaluation.

This book presents five categories of methodologies for the design and
evaluation of database computers. These are (1) closed (tasks neither
enter nor leave the system) and open (jobs enter and leave the system)
queueing network models, (2) complexity analyses based on time (where
we are concerned with the time for an algorithm to be carried out) and
space (where we are concerned about memory or other resources required
for an algorithm), (3) simulations, (4) benchmarking, and (5)
checkpointing. Both analytic and experimental approaches are covered.

These methodologies are applicable to all of the stages of the life
cycle of database computers. They may be applied during design for
analysis of alternative approaches and estimation of performance. They
may be applied during implementation. For example, checkpoints can
assist in performance evaluation. They are useful at the completion stage
for verifying the decisions made during the design process and for
evaluating the capabilities of the finished computer.

This book makes a unique contribution to our understanding of these
complex computers by applying the methodologies developed on two well-
documented database computers. One of these is the much published DBC
machine, and the other is a carefully prototyped software system called the
multi-backend database system (MBDS). Other database computers are
also used where appropriate to demonstrate the methodologies.

This book is of value to the entire computing community. It brings
engineering and scientific principles to bear on our ever increasing
computing requirements. The processing and data-handling requirements
of our future systems will not be satisfied by advances in circuit technology
alone. Advances in architecture that provide real-time access to large
databases and real-time resolution of queries to those databases, and the
ability to analyze new architectures are critical to meeting future system
needs.

Dr. Edward Lieblein
Director of Computer Software and Systems
Office of the Under Secretary for
Research and Engineering
Department of Defense



PREFACE

This book is based on the outline of a paper of the same title. The paper
was recently published as a chapter in the 25th anniversary volume of
Advances in Computers (editor, Marshall Yovits; Academic Press, 1986).
In the course of the development of that paper, we discovered that we had
covered a wide range of design-analysis and performance-evaluation
methodologies. We had also covered a decade of our work and experience
in the application of these methodologies. Due to the limited space in the
chapter of that volume, we had to exclude considerable material. We felt
that the exclusion gave the reader a narrow impression of our work and
application. Further, it did not allow us to relate our complete work and
entire experience to the reader. Therefore, using the outline of the paper,
we decided to provide a comprehensive and thorough presentation of our
work and experience in design analysis and performance evaluation of
database computers.

This book nearly triples the page count and the material of the
original paper. It also provides more background material on
mathematical elements of the methodologies, more elaboration on the
methodologies, and more applications of the methodologies. Some of the
methodologies and applications are new and recent. Most of the
applications have not been published in the literature, since innovative
utilizations of the methodologies do not lend themselves easily to scholarly
publications. @ However, we believe that the utilization of the
methodologies is at least as important as the methodologies themselves.
In this book we have made contributions to the discovery of new
methodologies as well as to the application of both the new and old
methodologies.

One of the most important contributions of this book is to relate the
methodologies and applications to the database computers. Such an effort
can benefit the database computer community for the years to come.
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XX1v DATABASE COMPUTER METHODOLOGIES PREFACE

As a new discipline, the database computer has recently prompted
many designs, prototypes, and products. We need to have a wide range of
methodologies for its evaluation. Also, because database computers are
new and different, we need to have concrete experiences in the application
of these methodologies. This book addresses both of these needs.

Steven A. Demurjian
David K. Hsiao
Roger G. Marshall

Monterey, California
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