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Preface

Database management systems are widely accepted as a standard tool for ma-
nipulating large volumes of data on secondary storage. To enable fast access
to stored data according to its content, databases use structures known as in-
dexes. While indexes are optional, as data can always be located by exhaustive
search, they are the primary means of reducing the volume of data that must
be fetched and processed in response to a query. In practice large database files
must be indexed to meet performance requirements.

Recent years have seen explosive growth in use of new database applications
such as CAD/CAM systems, spatial information systems, and multimedia in-
formation systems. The needs of these applications are far more complex than
traditional business applications. They call for support of objects with complex
data types, such as images and spatial objects, and for support of objects with
wildly varying numbers of index terms, such as documents. Traditional index-
ing techniques such as the B-tree and its variants do not efficiently support
these applications, and so new indexing mechanisms have been developed. As
a result of the demand for database support for new applications, there has
been a proliferation of new indexing techniques.

The need for a book addressing indexing problems in advanced applications
is evident. For practitioners and database and application developers, this
book explains best practice, guiding selection of appropriate indexes for each
application. For researchers, this book provides a foundation for development
of new and more robust indexes. For newcomers, this book is an overview of
the wide range of advanced indexing techniques.

The book consists of six self-contained chapters, each handled by area ex-
perts: Chapters 1 and 6 by Bertino, Catania, and Shidlosvky, Chapters 2, 3
and 4 by Ooi and Tan, and Chapter 5 by Sacks-Davis and Zobel. Each of the
first five chapters discusses indexing problems and techniques for a different
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database application; the last chapter discusses indexing problems in emerging
applications.

In Chapter 1 we discuss indexes and query evaluation for object-oriented
databases. Complex objects, variable-length objects, large objects, versions,
and long transactions cannot be supported efficiently by relational database
systems. The inadequacy of relational databases for these applications has pro-
vided the impetus for database researchers to develop object-oriented database
systems, which capture sophisticated semantics and provide a close model of
real-world applications. Object-oriented databases are a confluence of two tech-
nologies: databases and object-oriented programming languages. However, the
concepts of object, method, message, aggregation and generalization introduce
new problems to query evaluation. For example, aggregation allows an object
to be retrieved through its composite objects or based on the attribute values
of its component objects, while generalization allows an object to be retrieved
as an instance of its superclass.

Spatial data is large in volume and rich in structures and relationships.
Queries that involve the use of spatial operators (such as spatial intersection
and containment) are common. Operations involving these these operators are
expensive to compute, compared to operations such as join, and indexes are
essential to reduction of query processing costs. Indexing in a spatial database is
problematic because spatial objects can have non-zero extent and are associated
with spatial coordinates, and many-to-many spatial relationships exist between
spatial objects. Search is based, not only on attribute values, but on spatial
properties. In Chapter 2, we address issues related to spatial indexing and
analyze several promising indexing methods.

Conventional databases only store the current facts of the organization they
model. Changes in the real world are reflected by overwriting out-of-date data
with new facts. Monitoring these changes and past values of the data is, how-
ever, useful for tracking historical trends and time-varying events. In temporal
databases, facts are not deleted but instead are associated with times, which
are stored with the data to allow retrieval based on temporal relationships. To
support efficient retrieval based on time, temporal indexes have been proposed.
In Chapter 3, we describe and review temporal indexing mechanisms.

In large collections of images, a natural and useful way to retrieve image
data is by queries based on the contents of images. Such image-based queries
can be specified symbolically by describing their contents in terms of image
features such as color, shape, texture, objects, and spatial relationship between
them; or pictorially using sketches or example images. Supporting content-
based retrieval of image data is a difficult problem and embraces technologies
including image processing, user interface design, and database management.
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To provide efficient content-based retrieval, indexes based on image features
are required. We consider feature-based indexing techniques in Chapter 4.

Text data without uniform structure forms the main bulk of data in corpo-
rate repositories, digital libraries; legal and court databases, and document
archives such as newspaper databases. Retrieval of documents is achieved
through matching words and phrases in document and query, but for docu-
ments Boolean-style matching is not usually effective. Instead, approximate
querying techniques are used to identify the documents that are most likely to
be relevant to the query. Effectiveness can be enhanced by use of transforma-
tions such as stemming and methodologies such as feedback. To support fast
text searching, however, indexing techniques such as special-purpose inverted
files are required. In Chapter 5, we examine indexes and query evaluation for
document databases.

In the first five chapters we cover the indexing topics of greatest importance
today. There are however many database applications that make use of indexing
but do not fall into one of the above five areas, such as data warehousing, which
has recently become an active research topic due to both its complexity and
its commercial potential. Queries against warehouses requires large number
of joins and calculation of aggregate functions. Another example is the use
of indexes to minimize energy consumption in portable equipment used in a
highly mobile environment. In Chapter 6 we discuss indexing mechanisms for
several such emerging database applications.
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this book, and with the research that made it possible. In particular we thank
Timothy Arnold-Moore, Tat Seng Chua, Winston Chua, Cheng Hian Goh, Peng
Jiang, Marcin Kaszkiel, Alan Kent, Ramamohanarao Kotagiri, Wan-Meng Lee,
Alistair Moffat, Michael Persin, and Ross Wilkinson. We are also grateful to
the Multimedia Database Systems group at RMIT, the RMIT Department
of Computer Science, the Australian Research Council and the Department
of Information Systems and Computer Science at the National University of
Singapore.
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