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PREFACE

This text is designed to be used with an introductory course in database management.
Such a course is usually required as part of an information systems curriculum in
business schools, computer technology programs, and applied computer science
departments. The Association for Information Systems (AIS), the Association for
Computing Machinery (ACM), and the International Federation of Information
Processing Societies (IFIPS) curriculum guidelines (e.g., IS 2010) all outline this type
of database management course. Previous editions of this text have been used success-
fully for more than 33 years at both the undergraduate and graduate levels, as well as in
management and professional development programs.

WHAT'S NEW IN THIS EDITION?

This 12th edition of Modern Database Management updates and expands materials in
areas undergoing rapid change as a result of improved managerial practices, database
design tools and methodologies, and database technology. Later, we detail changes to
each chapter. The themes of this 12th edition reflect the major trends in the information
systems field and the skills required of modern information systems graduates:

* Given the explosion in interest in the topics of big data and analytics, we have
added an entire new chapter (Chapter 11) dedicated to this area. The chapter
provides in-depth coverage of big data technologies such as NoSQL, Hadoop,
MapReduce, Pig, and Hive and provides an introduction to the different types of
analytics (descriptive, predictive, and prescriptive) and their use in business.

* We have also introduced this topic in relevant places throughout the textbook,
e.g., in the revised introduction section in Chapter 1 as well as in a new section
titled “The Future of Data Warehousing: Integration with Big Data and Analytics”
in the data warehousing chapter (Chapter 9).

¢ Topics such as in-memory databases, in-database analytics, data warehousing in
the cloud, and massively parallel processing are covered in sections of Chapter 9
and Chapter 11.

® The Mountain View Community Hospital (MVCH) case study (a staple of many
past editions) has been replaced with a simpler mini-case titled “Forondo Artist
Management Excellence Inc.” (FAME). The case focuses on the development of
a system to support the needs of a small artist management company. The case
is presented in the form of stakeholder e-mails describing the current challenges
faced by the organization as well as the features they would like to see in a new
system. Each chapter presents a set of project exercises that serve as guidelines
for deliverables for students.

¢ We have updated the section on routines in Chapter 7 to provide clarity on the
nature of routines and how to use them.

* New material added to Chapter 2 on why data modeling is important provides
several compelling reasons for why data modeling is still crucial.

In addition to the new topics covered, specific improvements to the textbook have
been made in the following areas:

¢ BEvery chapter went through significant edits to streamline coverage to ensure
relevance with current technologies and eliminate redundancies.

* End-of-chapter material (review questions, problems and exercises, and/or field
exercises) in every chapter has been revised with new questions and exercises.

* The figures in several chapters were updated to reflect the changing landscape of
technologies that are being used in modern organizations.

* The Web Resources section in each chapter was updated to ensure that the student
has information on the latest database trends and expanded background details
on important topics covered in the text.
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* We have continued to focus on reducing the length of the printed book, an effort
that began with the eighth edition. The reduced length is more consistent with what
our reviewers say can be covered in a database course today, given the need for
depth of coverage in the most important topics. The reduced length should encour-
age more students to purchase and read the text, without any loss of coverage and
learning. The book continues to be available through CourseSmart, an innovative
e-book delivery system, and as an electronic book in the Kindle format.

Also, we continue to provide on the student Companion Web site several custom-
developed short videos that address key concepts and skills from different sections of
the book. These videos, produced by the textbook authors, help students learn difficult
material by using both the printed text and a mini lecture or tutorial. Videos have been
developed to support Chapters 1 (introduction to database), 2 and 3 (conceptual data
modeling), 4 (normalization), and 6 and 7 (SQL). More will be produced with future
editions. Look for special icons on the opening page of these chapters to call attention to
these videos, and go to www.pearsonhighered.com/hoffer to find these videos.

FOR THOSE NEW TO MODERN DATABASE MANAGEMENT

Modern Database Management has been a leading text since its first edition in 1983. In spite
of this market leadership position, some instructors have used other good database man-
agement texts. Why might you want to switch at this time? There are several good reasons:

® One of our goals, in every edition, has been to lead other books in coverage of
the latest principles, concepts, and technologies. See what we have added for the
12th edition in “What’s New in This Edition?” In the past, we have led in coverage
of object-oriented data modeling and UML, Internet databases, data warehousing,
and the use of CASE tools in support of data modeling. For the 12th edition, we
continue this tradition by providing significant coverage on the important topic
of big data and analytics, focusing on what every database student needs to
understand about these topics.

® While remaining current, this text focuses on what leading practitioners say is
most important for database developers. We work with many practitioners, includ-
ing the professionals of the Data Management Association (DAMA) and The
Data Warehousing Institute (TDWI), leading consultants, technology leaders, and
authors of articles in the most widely read professional publications. We draw on
these experts to ensure that what the book includes is important and covers not
only important entry-level knowledge and skills, but also those fundamentals and
mind-sets that lead to long-term career success.

® In the 12th edition of this highly successful book, material is presented in a way
that has been viewed as very accessible to students. Our methods have been refined
through continuous market feedback for more than 30 years, as well as through our
own teaching. Overall, the pedagogy of the book is sound. We use many illustra-
tions that help make important concepts and techniques clear. We use the most
modern notations. The organization of the book is flexible, so you can use chapters
in whatever sequence makes sense for your students. We supplement the book with
data sets to facilitate hands-on, practical learning, and with new media resources to
make some of the more challenging topics more engaging.

® Our text can accommodate structural flexibility. For example, you may have
particular interest in introducing SQL early in your course. Our text makes this
possible. First, we cover SQL in depth, devoting two full chapters to this core
technology of the database field. Second, we include many SQL examples in early
chapters. Third, many instructors have successfully used the two SQL chapters
early in their course. Although logically appearing in the life cycle of systems devel-
opment as Chapters 6 and 7, part of the implementation section of the text, many
instructors have used these chapters immediately after Chapter 1 or in parallel
with other early chapters. Finally, we use SQL throughout the book, for example,
to illustrate Web application connections to relational databases in Chapter 8 and
online analytical processing in Chapter 11.
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* We have the latest in supplements and Web site support for the text. See the supple-
ment package for details on all the resources available to you and your students.

¢ This text is written to be part of a modern information systems curriculum with
a strong business systems development focus. Topics are included and addressed
so as to reinforce principles from other typical courses, such as systems analysis
and design, networking, Web site design and development, MIS principles, and
computer programming. Emphasis is on the development of the database compo-
nent of modern information systems and on the management of the data resource.
Thus, the text is practical, supports projects and other hands-on class activities,
and encourages linking database concepts to concepts being learned throughout
the curriculum the student is taking.

SUMMARY OF ENHANCEMENTS TO EACH CHAPTER

The following sections present a chapter-by-chapter description of the major changes
in this edition. Each chapter description presents a statement of the purpose of that
chapter, followed by a description of the changes and revisions that have been made for
the 12th edition. Each paragraph concludes with a description of the strengths that have
been retained from prior editions.

PART I: THE CONTEXT OF DATABASE MANAGEMENT

Chapter 1: The Database Environment and Development Process

This chapter discusses the role of databases in organizations and previews the major
topics in the remainder of the text. The primary change in this chapter has been in how
we use current examples around the explosion in the amount of data being generated
and the benefits that can be gained by harnessing the power data (through analytics) to
help set the stage for the entire book. A few new exercises have also been added, and the
new Forondo Artist Management Excellence (FAME) case is introduced. After presenting
a brief introduction to the basic terminology associated with storing and retrieving data,
the chapter presents a well-organized comparison of traditional file processing systems
and modern database technology. The chapter then introduces the core components of
a database environment. It then goes on to explain the process of database development
in the context of structured life cycle, prototyping, and agile methodologies. The pre-
sentation remains consistent with the companion textbook, Modern Systems Analysis and
Design by Hoffer, George, and Valacich. The chapter also discusses important issues in
database development, including management of the diverse group of people involved
in database development and frameworks for understanding database architectures and
technologies (e.g., the three-schema architecture). Reviewers frequently note the compat-
ibility of this chapter with what students learn in systems analysis and design classes.
A brief history of the evolution of database technology, from pre-database files to modern
object-relational technologies, is presented. The chapter also provides an overview of the
range of database applications that are currently in use within organizations—personal,
two-tier, multitier, and enterprise applications. The explanation of enterprise data-
bases includes databases that are part of enterprise resource planning systems and data
warehouses. The chapter concludes with a description of the process of developing a
database in a fictitious company, Pine Valley Furniture. This description closely mirrors
the steps in database development described earlier in the chapter.

PART Il: DATABASE ANALYSIS

Chapter 2: Modeling Data in the Organization

This chapter presents a thorough introduction to conceptual data modeling with
the entity-relationship (E-R) model. The chapter title emphasizes the reason for the
entity-relationship model: to unambiguously document the rules of the business that
influence database design. New material on why data modeling is important helps
set the stage for the rest of the discussion that follows. Specific subsections explain
in detail how to name and define elements of a data model, which are essential in
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developing an unambiguous E-R diagram. The chapter continues to proceed from
simple to more complex examples, and it concludes with a comprehensive E-R diagram
for the Pine Valley Furniture Company. In the 12th edition, we have provided three
new problems and exercises, and the second part of the new FAME case is introduced.
Appendix A provides information on different data modeling tools and notations.

Chapter 3: The Enhanced E-R Model

This chapter presents a discussion of several advanced E-R data model constructs,
primarily supertype/subtype relationships. As in Chapter 2, problems and exercises
have been revised. The third part of the new FAME case is presented in this chapter. The
chapter continues to present thorough coverage of supertype/subtype relationships
and includes a comprehensive example of an extended E-R data model for the Pine
Valley Furniture Company.

PART lll: DATABASE DESIGN
Chapter 4: Logical Database Design and the Relational Model

This chapter describes the process of converting a conceptual data model to the
relational data model, as well as how to merge new relations into an existing normal-
ized database. It provides a conceptually sound and practically relevant introduction
to normalization, emphasizing the importance of the use of functional dependencies
and determinants as the basis for normalization. Concepts of normalization and normal
forms are extended in Appendix B. The chapter features a discussion of the characteris-
tics of foreign keys and introduces the important concept of a nonintelligent enterprise
key. Enterprise keys (also called surrogate keys for data warehouses) are emphasized as
some concepts of object orientation have migrated into the relational technology world.
Eight new review questions and problems and exercises are included, and the revision
has further clarified the coverage of some of the key concepts and the visual quality of
the presentation. The chapter continues to emphasize the basic concepts of the relational
data model and the role of the database designer in the logical design process. The new
FAME case continues in this chapter.

Chapter 5: Physical Database Design and Performance

This chapter describes the steps that are essential in achieving an efficient database
design, with a strong focus on those aspects of database design and implementation
that are typically within the control of a database professional in a modern database
environment. Five new review questions and problems and exercises are included. In
addition, the language of the chapter was streamlined to improve readability. References
to Oracle (including the visual coverage of database terminology) were updated to cover
the latest version (at the time of this writing), 12c. New coverage of heap file organization
was added to the chapter. The chapter contains an emphasis on ways to improve data-
base performance, with references to specific techniques available in Oracle and other
DBMSs to improve database processing performance. The discussion of indexes includes
descriptions of the types of indexes (primary and secondary indexes, join index, hash
index table) that are widely available in database technologies as techniques to improve
query processing speed. Appendix C provides excellent background on fundamental data
structures for programs of study that need coverage of this topic. The chapter continues
to emphasize the physical design process and the goals of that process. The new FAME
case continues with questions related to the material covered in this chapter.

PART IV: IMPLEMENTATION

Chapter 6: Introduction to SQL

This chapter presents a thorough introduction to the SQL used by most DBMSs (SQL:1999)
and introduces the changes that are included in the latest standard (SQL:2011). This
edition adds coverage of the new features of SQL:2011. The coverage of SQL is extensive



and divided into this and the next chapter. This chapter includes examples of SQL code,
using mostly SQL:1999 and SQL:2011 syntax, as well as some Oracle 12¢ and Microsoft
SQL Server syntax. Some unique features of MySQL are mentioned. Both dynamic and
materialized views are also covered. This revision links Chapter 6 explicitly with the mate-
rial covered in the new Chapter 11 on big data and analytics. Chapter 6 explains the SQL
commands needed to create and maintain a database and to program single-table queries.
The revised version of the chapter provides the reader with improved guidance regarding
alternate sequences for learning the material. Coverage of dual-table, IS NULL/IS NOT
NULL, more built-in functions, derived tables, and rules for aggregate functions and the
GROUP BY clause is included or improved. Three review questions and eight problems
and exercises have been added to the chapter. The chapter continues to use the Pine Valley
Furniture Company case to illustrate a wide variety of practical queries and query results.
Questions related to the new FAME case also are available in the context of this chapter.

Chapter 7: Advanced SQL

This chapter continues the description of SQL, with a careful explanation of multiple-
table queries, transaction integrity, data dictionaries, triggers and stored procedures
(the differences between them are now more clearly explained), and embedded SQL in
other programming language programs. All forms of the OUTER JOIN command are
covered. Standard SQL (with an updated focus on SQL:2011) is also used. The revised
version of the chapter includes a new section on the temporal features introduced in
SQL:2011. This chapter illustrates how to store the results of a query in a derived table, the
CAST command to convert data between different data types, and the CASE command
for doing conditional processing in SQL. Emphasis continues on the set-processing style
of SQL compared with the record processing of programming languages with which the
student may be familiar. The section on routines has been revised to provide clarified,
expanded, and more current coverage of this topic. New and updated problems and
exercises have been added to the chapter. The chapter continues to contain a clear expla-
nation of subqueries and correlated subqueries, two of the most complex and powerful
constructs in SQL. This chapter also includes relevant FAME case questions.

Chapter 8: Database Application Development

This chapter provides a modern discussion of the concepts of client/server architecture
and applications, middleware, and database access in contemporary database envi-
ronments. The section has been revised to ensure that the applicability of the concepts
presented in the chapter is clear in the era of modern devices such as smartphones, tablets,
etc. Review questions and problems and exercises have been updated. The chapter focuses
on technologies that are commonly used to create two- and three-tier applications. Many
figures are included to show the options in multitiered networks, including application
and database servers, database processing distribution alternatives among network tiers,
and browser (thin) clients. The chapter also presents sample application programs that
demonstrate how to access databases from popular programming languages such as Java,
VB.NET, ASPNET, JSP, and PHP. This chapter lays the technology groundwork for the
Internet topics presented in the remainder of the text and highlights some of the key con-
siderations in creating three-tier Internet-based applications. The chapter also provides
coverage of the role of Extensible Markup Language (XML) and related technologies in
data storage and retrieval. Topics covered include basics of XML schemas, XQuery, and
XSLT. The chapter concludes with an overview of Web services; associated standards and
technologies; and their role in seamless, secure movement of data in Web-based appli-
cations. A brief introduction to service-oriented architecture (SOA) is also presented.
Security topics, including Web security, are covered in Chapter 12. This chapter includes
the final questions related to the new FAME case.

Chapter 9: Data Warehousing

This chapter describes the basic concepts of data warehousing, the reasons data ware-
housing is regarded as critical to competitive advantage in many organizations, and the
database design activities and structures unique to data warehousing. A new section on
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the future of data warehousing provides a preview of the topics that will be covered in
the new chapter (Chapter 11) on big data and analytics and serves as the link between
these two chapters. Some of the material that previously belonged to this chapter is
now covered in an expanded fashion in Chapter 11. Topics covered in this chapter
include alternative data warehouse architectures and the dimensional data model
(or star schema) for data warehouses. Coverage of architectures has been stream-
lined consistent with trends in data warehousing, and a deep explanation of how to
handle slowly changing dimensional data is provided. Operational data store and
independent, dependent, and logical data marts are defined.

PART V: ADVANCED DATABASE TOPICS

Chapter 10: Data Quality and Integration

In this chapter, the principles of data governance, which are at the core of enterprise
data management (EDM) activities, are introduced. This is followed by coverage of data
quality. This chapter describes the need for an active program to manage data quality
in organizations and outlines the steps that are considered today to be best practices for
data quality management. Quality data are defined, and reasons for poor-quality data
are identified. Methods for data quality improvement, such as data auditing, improving
data capturing (a key part of database design), data stewardship and governance, TQM
principles, modern data management technologies, and high-quality data models are
all discussed. The topic of master data management, one approach to integrating key
business data, is introduced and explained. Different approaches to data integration are
overviewed, and the reasons for each are outlined. The extract, transform, load (ETL)
process for data warehousing is discussed in detail.

Chapter 11: Big Data and Analytics

Chapter 11 on big data and analytics is new in this edition, and it extends the coverage
of the text in three important ways: First, this chapter provides a systematic introduc-
tion to the technologies that are currently discussed under the label big data and the
impact of these technologies on the overall enterprise data management architecture.
Specifically, the chapter focuses on the Hadoop infrastructure and four categories of
so-called NoSQL (Not only SQL) database management systems. Second, the chapter
offers integrated coverage of analytics, including descriptive, predictive, and prescrip-
tive analytics. The discussion on analytics is linked not only to the coverage of big data
but also the material on data warehousing in Chapter 9 and the general discussion
on data management in Chapter 1. The chapter also briefly covers approaches and
technologies used by analytics professionals, such as OLAP, data visualization, busi-
ness performance management and dashboards, data mining, and text mining. Third,
the chapter integrates the coverage of big data and analytics technologies to the
individual, organizational, and societal implications of these capabilities.

Chapter 12: Data and Database Administration

This chapter presents a thorough discussion of the importance and roles of data and
database administration and describes a number of the key issues that arise when these
functions are performed. This chapter emphasizes the changing roles and approaches of
data and database administration, with emphasis on data quality and high performance.
We also briefly touch upon the impact of cloud computing on the data/database admin-
istration. The chapter contains a thorough discussion of database backup procedures,
as well as extensively expanded and consolidated coverage of data security threats
and responses and data availability. The data security topics include database secu-
rity policies, procedures, and technologies (including encryption and smart cards). The
role of databases in Sarbanes-Oxley compliance is also examined. We also discuss open
source DBMS, the benefits and hazards of this technology, and how to choose an open
source DBMS. In addition, the topic of heartbeat queries is included in the coverage of
database performance improvements. The chapter continues to emphasize the critical
importance of data and database management in managing data as a corporate asset.





