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I believe that there are a collection of planet-
threatening problems, such as climate change
and ozone depletion, that only scientists are
in a position to solve. Hence, the sorry state

of DBMS support. .. for this class of users is
very troubling.

—DMichael Stonebraker (2009), CACM, 52(5):11.



Preface

Introduced forty years ago, relational databases proved unusually success-
ful and durable. However, relational database systems were not designed
for modern applications and computers. As a result, specialized database
systems now proliferate trying to capture various pieces of the database
market. Database research is pulled into different directions, and special-
ized database conferences are created. Yet the current chaos in databases
is likely only temporary because every technology, including databases,
becomes standardized over time.

The history of databases shows periods of chaos followed by periods of
dominant technologies. For example, in the early days of computing, users
stored their data in text files in any format and organization they wanted.
These early days were followed by information retrieval systems, which
required some structure for text documents, such as a title, authors, and
a publisher. The information retrieval systems were followed by database
systems, which added even more structure to the data and made querying
easier.

In the late 1990s, the emergence of the Internet brought a period of
relative chaos and interest in unstructured and “semistructured data” as it
was envisioned that every webpage would be like a page in a book. However,
with the growing maturity of the Internet, the interest in structured data
was regained because the most popular websites are, in fact, based on
databases. The question is not whether future data stores need structure
but what structure they need.

Today we see another period of relative chaos as specialized geographic,
moving objects, biological, and other types of databases are unable to com-
municate with each other in spite of the need of many advanced applica-
tions. Database interoperability and data integration become important
challenges in the current environment.



viii

PREFACE

What are possible solutions to the above challenges? There are two
observations that may be made. First, instead of expecting a radical
movement away from relational data, future databases will probably
provide various extensions of relational databases. Second, constraint
databases, which are an extension of relational databases, appear to be
suitable as a common standard for the various types of databases. In fact,
geographic information systems sometimes convert internally their “vector
data” into a constraint data to evaluate certain queries.

Purpose and Goals

This textbook provides comprehensive coverage of databases. The primary
audience of the book is undergraduate computer science and non-computer
science students with no or little prior exposure to databases. For them the
extensive set of exercises at the end of each chapter will be useful. The text
and the exercises assume as prerequisite only basic discrete mathematics,
linear algebra, and programming knowledge. Many database experts will
also find the bibliographic notes after each chapter a valuable reference
for further reading. For both students and database experts the MLPQ
constraint-relational database system is suggested for use. The MLPQ sys-
tem, slides, solutions (for instructors), and other course aid is available free
from the author’s web page: http://cse.unl.edu/ "revesz

Topics Coverage and Organization

This book has three parts:

e Part I: Data and Queries: The first part of the book defines
databases in general (Chapter 1), describes eleven different types of
databases (Chapters 2-12), and presents the MLPQ and the DISCO
database systems (Chapters 13-14) that implement several different
types of databases. The first part of the book is enough to start using
a database system for simple applications.

e Part II: Database Design and Applications: The second part
of the book describes database design (Chapter 15) and discusses the
following advanced database application issues: database interoper-
ability, which allows translating data from one database to another
database (Chapter 16), data integration, which allows combining data
from different sources (Chapter 17), interpolation and approxima-
tion, which allows a simple representation of complex data (Chap-
ter 18), and prediction and data mining, which allows the discovery
of new information (Chapter 19). The second part of the book en-
ables the readers to develop more complex and rewarding database
applications.
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e Part III: Query Evaluation, Safety, and Verification: The third
part of the book describes various issues related to the evaluation of
database queries. The topics include indexing methods, which enable
fast search in database tables (Chapter 20), data visualization, which
is essential for a convenient interaction with the database system
(Chapter 21), the safety of queries, that is, whether they are guar-
anteed to be evaluated precisely or approximately, or may enter an
infinite loop and not terminate (Chapter 22), general evaluation al-
gorithms (Chapter 23), the efficient implementation of the evaluation
algorithms (Chapter 24), the complexity of the evaluation of differ-
ent types of queries (Chapter 25). Computer software written in many
programming languages can be translated into database queries. Soft-
ware verification can be aided by translating the software to database
queries, which are evaluated approximately by the above query eval-
uation algorithms (Chapter 26). The third part of the book gives
students a deeper understanding and appreciation of the inside of
database systems. It also enables students to read further scientific
literature and begin research projects in database systems.

Figure 1 shows a dependency diagram of the chapters of the book.
A special strength of the book is that it allows a flexible course design
aided by the dependency diagram. We suggest the following courses.

e Basic introductory course: A basic introductory course, which
is focused on a survey of various types of databases, would cover
Chapters 1, 2, 3, and 4, any subset of Chapters 5-12, and the MLPQ
system in Chapter 13. Such an introductory course would be suitable
even for non-computer science majors. The topics could be easily
fitted to the interest of the students. For example, geography majors
may be interested in Chapters 5-8, while biology majors in Chapters
10-11. All of these students can be given a hands-on experience with
a database system using the exercises in Chapter 13.

e Enhanced introductory course: An enhanced introductory course
can add to the basic introductory course various applications-oriented
chapters from the second part of the book (Chapters 15-19). These
chapters enable more serious applications. For example, Chapter 18
discusses the triangulated irregular network (TIN) representation of
surface data, which is important for geographic applications and en-
hances the material in Chapter 6. While Chapter 6 enables students
to understand and use given geographic databases, Chapter 18 en-
ables students to build geographic databases from measurement data.
Many students may already have such measurement data from other
projects outside of the database class.
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Figure 1: A dependency diagram of the chapters.

e Advanced course: The textbook also allows several types of
advanced courses. An advanced course, focused on query evalua-
tion, may cover interoperability (Chapter 16), indexing (Chapter 20),
safety (Chapter 22), general evaluation algorithms (Chapter 23), and
implementation methods (Chapter 24). These chapters already al-
low students to implement either individually or in group projects
various simple query processors or propotype database systems. The
coverage of the rest of the chapters depends on the interest of the
students. Computer graphics students may study Chapter 21, theo-
retical computer science students may study Chapter 25, and software
engineering students may study Chapter 26.
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