
Encyclopedia of Database Systems



Ling Liu • M. Tamer Özsu
Editors

Encyclopedia of
Database Systems

Second Edition

With 1374 Figures and 143 Tables

123



Editors
Ling Liu
Georgia Institute of Technology College
of Computing
Atlanta, GA, USA

M. Tamer Özsu
University of Waterloo School of Computer Science
Waterloo, ON, Canada

ISBN 978-1-4614-8266-6 ISBN 978-1-4614-8265-9 (eBook)
ISBN 978-1-4614-8264-2 (print and electronic bundle)
https://doi.org/10.1007/978-1-4614-8265-9

Library of Congress Control Number: 2018938558

1st edition: © Springer Science+Business Media, LLC 2009 (USA)
© Springer Science+Business Media, LLC, part of Springer Nature 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole
or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way,
and transmission or information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in
this book are believed to be true and accurate at the date of publication. Neither the publisher
nor the authors or the editors give a warranty, express or implied, with respect to the material
contained herein or for any errors or omissions that may have been made. The publisher remains
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by the registered company Springer ScienceCBusiness
Media, LLC part of Springer Nature.
The registered company address is: 233 Spring Street, New York, NY 10013, U.S.A.

https://doi.org/10.1007/978-1-4614-8265-9


Preface to the Second Edition

Since the release of the first volume of this Encyclopedia, big data has
emerged as a central feature of information technology innovation in many
business, science, and engineering fields. Databases are one of the fundamen-
tal core technologies for big data systems and big data analytics. In order to
extract features and derive values from big data, it must be stored, processed,
and analyzed in a timely manner. Not surprisingly, big data not only fuels the
development and deployment of database systems and database technologies,
it also opens doors to new opportunities and new challenges in the field of
databases. As data grows in volume, velocity, variety, and with the attendant
veracity issues, there is a growing demand for volume-scalable databases,
velocity-adaptive databases, and variety-capable databases that can handle
data quality issues properly. As machine learning and artificial intelligence
renew their momentum with the power of big data, there is an increasing
demand for new generation of database systems that are built for extracting
features from databases as efficient and effective as conventional database
systems are capable of for querying databases.

The first edition of the Encyclopedia of Database Systems is a com-
prehensive, multivolume collection of over 1,250 in-depth entries (3,067
including synonyms), covering important concepts on all aspects of database
systems, including areas of current interest and research results of historical
significance. This second edition of Encyclopedia of Database Systems
expands the first edition by enriching the content of existing entries, ex-
panding existing topic areas with new entries, adding a set of cutting-edge
topic areas, including cloud data management, crowdsourcing, data analytics,
data provenance management, graph data management, social networks, and
uncertain data management to name a few. The new entries and the new
topic areas were determined through discussions and consultations with the
Advisory Board of the Encyclopedia of Database Systems. Each of the new
topic areas was managed by a new Area Editor who, together with the editor-
in-chief, further developed the content for each area, soliciting experts in
the field as contributors to write the entries, and performed the necessary
technical editing. We also reviewed the entries from the first edition and
revised them as needed to bring them up-to-date.
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vi Preface to the Second Edition

We would like to thank the members of the Advisory Board, the Editorial
Board, and all of the authors for their contributions to this second edition.
We would also like to thank Springer’s editors and staff, including Susan
Lagerstrom-Fife, Michael Hermann, and Sonja Peterson for their assistance
and support throughout the project, and Annalea Manalili for her involvement
in the early period of this project.

In closing, we trust the Encyclopedia can serve as a valuable source for
students, researchers, and practitioners who need a quick and authoritative
reference to the subject on database systems. Suggestions and feedbacks to
further improve the Encyclopedia are welcome from readers and from the
community.



Preface to the First Edition

We are in an information era where generating and storing large amounts
of data are commonplace. A growing number of organizations routinely
handle terabytes and exabytes of data, and individual digital data collections
easily reach multiple gigabytes. Along with the increases in volume, the
modality of digitized data that requires efficient management and the access
modes to these data have become more varied. It is increasingly common
for business and personal data collections to include images, video, voice,
and unstructured text; the retrieval of these data comprises various forms,
including structured queries, keyword search, and visual access. Data have
become a highly valued asset for governments, industries and individuals,
and the management of these data collections remains a critical technical
challenge.

Database technology has matured over the past four decades and is now
quite ubiquitous in many applications that deal with more traditional business
data. The challenges of expanding data management to include other data
modalities while maintaining the fundamental tenets of database management
(data independence, data integrity, data consistency, etc.) are issues that the
community continues to work on. The lines between database management
and other fields such as information retrieval, multimedia retrieval, and data
visualization are increasingly blurred.

This multi-volume Encyclopedia of Database Systems provides easy
access to important concepts on all aspects of database systems, including
areas of current interest and research results of historical significance. It is
a comprehensive collection of over 1,250 in-depth entries (3,067 including
synonyms) that present coverage of the important concepts, issues, emerging
technology and future trends in the field of database technologies, systems,
and applications. The content of the Encyclopedia was determined through
wide consultations. We were assisted by an Advisory Board in coming up
with the overall structure and content. Each of these areas were put under
the control of Area Editors (70 in total) who further developed the content for
each area, soliciting experts in the field as contributors to write the entries, and
performed the necessary technical editing. Some of them even wrote entries
themselves. Nearly 1,000 authors were involved in writing entries.
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viii Preface to the First Edition

The intended audience for the Encyclopedia is technically broad and
diverse. It includes anyone concerned with database system technology and
its applications. Specifically, the Encyclopedia can serve as a valuable and
authoritative reference for students, researchers and practitioners who need
a quick and authoritative reference to the subject of databases, data man-
agement, and database systems. We anticipate that many people will benefit
from this reference work, including database specialists, software developers,
scientists and engineers who need to deal with (structured, semi-structured or
unstructured) large datasets. In addition, database and data mining researchers
and scholars in the many areas that apply database technologies, such as
artificial intelligence, software engineering, robotics and computer vision,
machine learning, finance and marketing are expected to benefit from the
Encyclopedia.

We would like to thank the members of the Advisory Board, the Editorial
Board, and the individual contributors for their help in creating this Encyclo-
pedia. The success of the Encyclopedia could not have been achieved without
the expertise and the effort of the many contributors. Our sincere thanks
also go to Springer’s editors and staff, including Jennifer Carlson, Susan
Lagerstrom-Fife, Oona Schmid, and Susan Bednarczyk for their support
throughout the project.

Finally, we would very much like to hear from readers for any suggestions
regarding the Encyclopedia’s content. With a project of this size and scope, it
is quite possible that we may have missed some concepts. It is also possible
that some entries may benefit from revisions and clarifications. We are
committed to issuing periodic updates and we look forward to the feedback
from the community to improve the Encyclopedia.

Ling Liu aaaaaaaaaaaaaaaaaaaaa
M. Tamer Özsu aaaaaaaaaaaaaaaaaaaaa
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