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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 successfully
for more than 27 years at both the undergraduate and graduate levels, as well as in
management and professional development programs.

WHAT’'S NEW IN THIS EDITION?

This 10th edition of Modern Database Management updates and expands materials in
areas undergoing rapid change due to improved managerial practices, database design
tools and methodologies, and database technology. Later we detail changes to each
chapter. The themes of this 10th edition reflect the major trends in the information
systems field and the skills required of modern information systems graduates:

* Data quality and database processing accuracy, which are extremely important
with the national and international regulations such as the Sarbanes-Oxley Act,
Basel II, COSI, and HIPAA that now require organizations to comply with stan-
dards for reporting accurate financial data and ensuring data privacy. Material
on data quality and master data management has been updated with a stronger
coverage of the people, process, and technology aspects and internationally
accepted best practices for information systems development and management
(specifically, ITIL).

¢ Integration of data from multiple internal and external databases and data
sources, which is now common for building data warehouses and other types of
enterprise systems, and dealing with the rapid organizational changes in informa-
tion systems brought on by corporate reorganizations, mergers, and acquisitions.
These first two bullets are implemented with the revised Chapter 10 on data
quality and integration, which updates and improves the focus of the material and
introduces the latest principles in these areas.

* Demonstrating knowledge of how to use databases in the context of developing
database applications in two and three-tier client/server environments. In this
10th edition (in Chapters 8 and 14), we provide examples of how to connect to
databases from popular programming languages such as Java and VB.NET as
well Web development languages such as Java Server Pages (JSP), ASP.NET, and
PHP. Coverage of XML has also been revised to emphasize the role of XML in data
storage and retrieval.
Linking object-oriented information systems development environments (such as
Java Technology and Microsoft .NET) with mainstream technology for maintain-
ing organizational data—relational databases—and in the process dealing with
significant paradigm differences between object-oriented and relational frame-
works. This major change that was introduced for the ninth edition and has been
updated for the 10th edition reflects what is a rapidly changing environment for
database processing.

Also, we are very excited to now provide on the student Companion Web site sev-
eral new, custom-developed short videos that address key concepts and skills from dif-
ferent sections of the book. These videos, produced using Camtasia by the textbook au-
thors, help students to 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).
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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.

Specific improvements to the textbook have been made in the following areas:

¢ Arranged the Problems and Exercises into roughly increasing order of difficulty to
make it easier for instructors and students to select problems and exercises for
practice and assignments.

Applied standard data naming conventions throughout the book to make it easier
for students to distinguish data elements from conceptual to physical forms.

e Clarified system requirements through systems modeling and design and out-
lined a process to use the increasingly popular industry and business function
commercial data models to speed up the systems development process. The new
material focuses on changes to the database development process when an organ-
ization uses packaged data models. Students are now better prepared to
understand why these data models are important and how to read and work with
(tailor) them.

Expanded coverage of SQL, with a few more frequently used components of the
language. We have also created new figures to graphically depict the set process-
ing logic of SQL queries, which gives students, especially visual learners, new
tools to use when writing queries.

Included new screen captures to reflect the latest database technologies and an
updated Web Resources section in each chapter that lists Web sites that can pro-
vide the student with information on the latest database trends and expanded
background details on important topics covered in the text.

Reduced the length of the printed book, which we began doing 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. Specifically, for the 10th edition, we combined the
first two chapters from the ninth edition into one, so that students can more
quickly cover/review background topics and then dig into the material central
to database management. We have also combined the two chapters from the
ninth edition on client/server and Internet databases into one chapter address-
ing database issues in a multitier computing environment. We continue to
update the chapters on distributed databases, the object-oriented data model,
and using relational databases to provide object persistence, including an
overview in the printed textbook and full versions on the textbook’s Web site.
Care has been given to the layout of figures and tables to also reduce the length
of the book, while adding some new figures and figure elements to better link
the text narrative with the figures. The reduced length should encourage more
students to purchase and read the text, without any loss of coverage and learning.
The book is also now available through CourseSmart, an innovative e-book
delivery system.

MODERN DATABASE MANAGEMENT: A RETRO
AND FUTURE PERSPECTIVE

This 10th edition is a humbling milestone. We are extremely grateful for the support of
adopters, reviewers, students, colleagues, editors, and publisher staff who have been
with us for some or, in a few cases, all of the past 27 years. Database technology has
“grown up” over these years, from a resource for only the most sophisticated organiza-
tions to being a mainstay of almost any computing environment. Some topics, such as
relational databases, have been a central part of the text from the beginning; other top-
ics, such as data warehousing, business intelligence, object-oriented databases, and
databases on the Internet, are newer topics. Database management used to be able to
be explained in 531 pages that were about 80 percent the size of current pages, and
now it takes 624 larger pages (really, we aren’t just wordier). One of the original
authors of this text is still a co-author, while a newer generation of database academic
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experts now contributes to these pages with zest and creativity. The original book
authors were educated in fields other than business information systems, whereas
today our newer authors are experienced and educated in this rich field central to the
success of modern organizations.

As a book that we believe has succeeded in leading the database management
textbook market, this book is positioned to continue (in some printed or electronic
form) for at least another 27 years. Writing this book has been and remains an awesome
responsibility. We authors realize that the course that this text supports will be the foun-
dation for student careers with databases. Over the years, we've seen students reading
our book on airplanes while traveling on business, and, believe it or not, reading it on a
Florida beach during spring break. The authors remain committed to presenting mate-
rial with sound pedagogy, including topics (both easy and difficult, traditional and
emerging) that are critical for the practical success of database professionals, and being
informed by research that reveals what will be the “next big thing” in database manage-
ment. It is in this spirit that we celebrate our milestone edition, and lay the foundation
for many more editions to come.

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 data-
base management texts. Why might you want to switch at this time? There are several
good reasons to switch to Modern Database Management, including:

® 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
10th 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 10th edition, we
are taking the lead on database development for Internet-based applications, data
quality and integration, the linking of object-oriented development environments
with relational databases, and the increasingly important role of packaged data-
base model as a component of agile, rapid development of information systems.

We also have for the first time Camtasia-produced tutorial videos to accompany

the book, with more to come for future editions.

While remaining current, this text focuses on what leading practitioners say is

most important for database developers. We work with many practitioners,

including 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
mindsets that lead to long-term career success.

e In this highly successful book in its 10th edition, material is presented in a way
that has been viewed as very accessible to students. Our methods have been re-
fined through continuous market feedback for over 27 years, as well as through
our own teaching. Overall, the pedagogy of the book is sound. We use many illus-
trations that help to 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.

* You may have particular interest in introducing SQL early in your course. Our
text can accommodate this. 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 development as Chapters 6 and 7, part of the implementation
section of the text, many instructors have used these chapters immediately after

Preface

XXVii



XXViii

Preface

Chapter 1 or in parallel with other early chapters. Finally, we use SQL through-
out the book, for example, to illustrate Web application connections to rela-
tional databases in Chapter 8, online analytical processing in Chapter 9, and
accessing relational databases from object-oriented development environments
in Chapter 14.
* We have the latest in supplements and Web site support for the text. See the
supplement 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 com-
puter programming. Emphasis is on the development of the database component
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 chap-
ter, followed by a description of the changes and revisions that have been made for the
10th 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. This chapter has undergone extensive reorganization for the 10th
edition because it is a consolidation of two previous chapters, allowing students to
more quickly cover material that previews the rest of the book. 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 and the range of database applications that are currently in
use within organizations—personal, two-tier, multitier, and enterprise applications.
The explanation of enterprise databases includes databases that are part of enterprise
resource planning systems and data warehouses. A brief history of the evolution of
database technology, from pre-database files to modern object-relational technologies,
is also presented. The chapter then goes on to explain the process of database develop-
ment in the context of structured life cycle, prototyping, and agile methodologies. The
presentation remains consistent with the companion systems analysis text by Hoffer,
George, and Valacich. The chapter also discusses important issues in database develop-
ment, including management of the diverse group of people involved in database
development and frameworks for understanding database architectures and technolo-
gies (e.g., the three-schema architecture). Reviewers frequently note the compatibility of
this chapter with what students learn in systems analysis and design classes.

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. Specific subsections
explain in detail how to name and define elements of a data model, which are essential



in developing an unambiguous E-R diagram. In the 10th edition, we have provided
some new problems and exercises, improved an example from Pine Valley Furniture
to show the relationship of conceptual database design with implementation, and
provided more annotations in figures to better highlight key elements and better link
text to figures. The chapter continues to proceed from simple to more complex exam-
ples, and it concludes with a comprehensive E-R diagram for the Pine Valley Furniture
Company.

CHAPTER 3: THE ENHANCED E-R MODEL This chapter presents a discussion of several
advanced E-R data model constructs, primarily supertype/subtype relationships.
A major change in this chapter is the elimination of the section on business rules, which
many adopters and reviewers said they did not have time to cover in class. The most
significant addition is a more thorough description of how to conduct a data modeling
project when using a packaged data model; this new material better prepares
students for working with commercial off-the-shelf (COTS) software and purchased
data models, which support major efforts to implement patterns and reusability for
application deployment in organizations. As in Chapter 2, figures have been improved
with more annotations to clarify important data modeling structures. The chapter
continues to present a 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 Ill: 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 normalized 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 characteristics of foreign keys and
introduces the important concept of a nonintelligent enterprise key. Enterprise keys
(also called surrogate keys for data warehouses) are being emphasized as some con-
cepts of object-orientation migrate into the relational technology world. A number of
new review questions and problems and exercises are included, and revision also has
further clarified the presentation of some of the key concepts. 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.

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 with-
in the control of a database professional in a modern database environment. The
revised chapter is significantly shorter than the previous one, but we believe the
reduction in length has been achieved without loss of significant content. The cuts
are in areas that are either not relevant anymore because of changes in technology or
not directly related to database design (e.g., storage technologies). Consequently, the
chapter has a stronger and clearer focus on the core concepts. Several new review
questions and problems and exercises are included. The chapter contains an emphasis
on ways to improve database 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.
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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 proposed standard (SQL:200n). 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:200n syntax, as well as some Oracle 11g and Microsoft SQL Server
syntax. Some unique features of MySQL are mentioned. Views, both dynamic and mate-
rialized, are also covered. Chapter 6 explains the SQL commands needed to create and
maintain a database and to program single-table queries. The history and SQL technology
environment sections have been streamlined for the 10th edition. 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 are included or improved. New problems and exer-
cises have been added to the chapter. It continues to use the Pine Valley Furniture
Company case to illustrate a wide variety of practical queries and query results.

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 which are now more clearly ex-
plained), and embedded SQL in other programming language programs. All forms of
the OUTER JOIN command are covered. Standard SQL is also used in Chapter 7. This
chapter illustrates how to store the results of a query in a derived table, the CAST com-
mand to convert data between different data types, and the CASE command for doing
conditional processing in SQL. The chapter reduces its coverage of online analytical
processing (OLAP) features of SQL:200n, which are also covered in Chapter 9. A new
section on self-joins and an explanation of when to use EXISTS (NOT EXISTS) versus IN
(NOT IN) are now included. The explanation of cursors with embedded SQL is
enhanced. Emphasis continues on the set-processing style of SQL compared with the
record-processing of programming languages with which the student may be familiar.
New problems and exercises have been added to the chapter. The chapter continues to
contain a clear explanation of subqueries and correlated subqueries, two of the most
complex and powerful constructs in SQL.

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 environments. Technologies that are
commonly used to create two- and three-tier applications are presented. 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. New to this edition is the presentation of sample application
programs that demonstrate how to access databases from popular programming lan-
guages such as, Java, VB.NET, ASP.NET, JSP, and PHP. This chapter lays the technology
groundwork for the Internet topics presented in the remainder of the text and high-
lights some of the key considerations in creating three-tier Internet-based applications.
The chapter also presents expanded 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 applications. A brief introduction
to service-oriented architecture (SOA) is also presented. Security topics, including Web
security, are covered in Chapter 11.

CHAPTER 9: DATA WAREHOUSING  This chapter describes the basic concepts of data ware-
housing, the reasons data warehousing is regarded as critical to competitive advantage in
many organizations, and the database design activities and structures unique to data
warehousing. An updated section reviews best practices for determining requirements
for a dimensional model. A short new section introduces the emerging column databases
technology, which has been developed especially for data warehousing applications.



New exercises provide hands-on practice with a data mart, using SQL and a BI tool
called MicroStrategy that is supported on Teradata University Network. Topics include
alternative data warehouse architectures and the dimensional data model (or star
schema) for data warehouses. Coverage of architectures has been streamlined consistent
with trends in data warehousing, and a deep explanation of how to handle slowly
changing dimensional data is provided. Operational data store; independent, depend-
ent, and logical data marts; and various forms of online analytical processing (OLAP) are
defined (including the SAMPLE SQL command, which is useful for analyzing data from
market research activities). User interfaces, including OLAP, data visualization, business
performance management and dashboards, and data mining are also described.

Part V: Advanced Database Topics

CHAPTER 10: DATA QUALITY AND INTEGRATION This chapter, first introduced in the
ninth edition, has been reorganized to better reflect the nature of enterprise data man-
agement (EDM) activities in organizations. The principles of data governance, which are
at the core of EDM activities, are introduced first. 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 current hot topic of master data management, one approach to integrating
key business data, is motivated and explained. Different approaches to data integration
are overviewed, and the reasons for each are outlined. The ETL process for data ware-
housing is discussed in detail. The authors believe that the material covered in this
chapter continues to represent a major step forward in database management textbooks.

CHAPTER 11: 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. It contains a thor-
ough 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 security policies, procedures, and technologies
(including encryption and smart cards). New to this edition is expanded coverage of the
role of databases in Sarbanes-Oxley compliance. We have again added to our discussion
of open source DBMS to cover more on 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 contin-
ues to emphasize the critical importance of data and database management in manag-
ing data as a corporate asset.

CHAPTER 12: DISTRIBUTED DATABASES This chapter reviews the role, technologies, and
unique database design opportunities of distributed databases. The objectives and
trade-offs for distributed databases, data replication alternatives, factors in selecting a
data distribution strategy, and distributed database vendors and products are covered.
This chapter provides thorough coverage of database concurrency access controls. The
revision of the chapter introduces several technical updates that are related to the sig-
nificant advancements in both data management and networking technologies, which
form the context for distributed database. An overview of this chapter is included in the
printed textbook, and the full version of this chapter has been moved to the textbook’s
Web site. Many reviewers indicated that they seldom are able to cover this chapter in an
introductory course, but having the material available is critical for advanced students
or special topics. Having an overview in the printed text with the full chapter available
to students provides the greatest flexibility and economy:.
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CHAPTER 13: OBJECT-ORIENTED DATA MODELING This chapter presents an introduction
to object-oriented modeling using Object Management Group’s Unified Modeling
Language (UML). This chapter has been carefully reviewed to ensure consistency with
the latest UML notation and best industry practices. UML provides an industry-stan-
dard notation for representing classes and objects. The chapter continues to emphasize
basic object-oriented concepts, such as inheritance, encapsulation, composition, and
polymorphism. The revised version of the chapter also includes several brand-new
modeling exercises. As with Chapters 12 and 14, the full version of this chapter is avail-
able on the textbook’s Web site, with a brief overview included in the printed text.

CHAPTER 14: USING RELATIONAL DATABASES TO PROVIDE OBJECT PERSISTENCE This
chapter presents an up-to-date approach to how relational databases are used with
object-oriented development environments, such as Java EE and Microsoft .NET.
Object-oriented and relational approaches have critical design mismatches, which are
outlined in the chapter, along with ways database and application developers can deal
with these issues. The chapter reviews call-level application program interfaces, SQL
query mapping frameworks, and object-relational mapping frameworks as approaches
to providing object persistence, which is an essential need in modern development
environments that integrate object-oriented development and relational databases. The
chapter has been revised to take into account the changing landscape of object-relational
mapping (ORM) technologies and the strengthening of the Java Persistence API (JPA)
standard. Object-relational mapping is illustrated using the XML mapping files of
Hibernate, the most popular ORM framework and the most widely used implementa-
tion of the JPA standard. As with Chapters 12 and 13, the full version of this chapter is
available on the textbook’s Web site, with a brief overview included in the printed text.

Appendices

The 10th edition contains three appendices intended for those who wish to explore cer-
tain topics in greater depth.

APPENDIX A: DATA MODELING TOOLS AND NOTATION This appendix addresses a need
raised by many readers—how to translate the E-R notation in the text into the form
used by the CASE tool or DBMS used in class. Specifically, this appendix compares the
notations of CA ERwin Data Modeler 7.3, Oracle Designer 10g, Sybase PowerDesigner
15, and Microsoft Visio Pro 2003. Tables and illustrations show the notations used for
the same constructs in each of these popular software packages.

APPENDIX B: ADVANCED NORMAL FORMS This appendix presents a description (with
examples) of Boyce-Codd and fourth normal forms, including an example of BCNF to
show how to handle overlapping candidate keys. Other normal forms are briefly intro-
duced. The Web Resources section includes a reference for information on many
advanced normal form topics.

APPENDIX C: DATA STRUCTURES This appendix describes several data structures that
often underlie database implementations. Topics include the use of pointers, stacks,
queues, sorted lists, inverted lists, and trees.

PEDAGOGY

A number of additions and improvements have been made to chapter-end materials to
provide a wider and richer range of choices for the user. The most important of these
improvements are the following;:

1. Review Questions Questions have been updated to support new and enhanced
chapter material.

2. Problems and Exercises This section has been reviewed in every chapter, and
many chapters contain new problems and exercises to support updated chapter
material. Of special interest are questions in many chapters that give students



opportunities to use the data sets provided for the text. Also, Problems and
Exercises have be re-sequenced into roughly increasing order of difficulty, which
should help instructors and students to find exercises appropriate for what they
want to accomplish.

3. Field Exercises This section provides a set of “hands-on” minicases that can be
assigned to individual students or to small teams of students. Field exercises
range from directed field trips to Internet searches and other types of research
exercises.

4. Case The Mountain View Community Hospital (MVCH) case was updated for
the 10th edition only to the extent that chapters have been combined from the
ninth edition. In each chapter, the case begins with a description of a realistic,
modern hospital situation as it relates to that chapter. The case then presents a
series of case questions and exercises that focus on specific aspects of the case.
The final section includes project assignments, which tie together some issues
and activities across chapters. These project assignments can be completed by
individual students or by small project teams. This case provides an excellent
means for students to gain hands-on experience with the concepts and tools they
have studied.

5. Web Resources Each chapter contains a list of updated and validated URLs for
Web sites that contain information that supplements the chapter. These Web sites
cover online publication archives, vendors, electronic publications, industry stan-
dards organizations, and many other sources. These sites allow students and
instructors to find updated product information, innovations that have appeared
since the printing of the book, background information to explore topics in greater
depth, and resources for writing research papers.

We have also updated the pedagogical features that helped make the 10th edition
widely accessible to instructors and students. These features include the following:

1. Learning objectives appear at the beginning of each chapter, as a preview of the
major concepts and skills students will learn from that chapter. The learning objec-
tives also provide a great study review aid for students as they prepare for assign-
ments and examinations.

2. Chapter introductions and summaries both encapsulate the main concepts of each
chapter and link material to related chapters, providing students with a compre-
hensive conceptual framework for the course.

3. The chapter review includes the Review Questions, Problems and Exercises, and
Field Exercises discussed earlier, also contains a Key Terms list to test the student’s
grasp of important concepts, basic facts, and significant issues.

4. A running glossary defines key terms in the page margins as they are discussed in
the text. These terms are also defined at the end of the text, in the Glossary of
Terms. Also included is the end-of-book Glossary of Acronyms for abbreviations
commonly used in database management.

ORGANIZATION

We encourage instructors to customize their use of this book to meet the needs of both
their curriculum and student career paths. The modular nature of the text, its broad
coverage, extensive illustrations, and its inclusion of advanced topics and emerging
issues make customization easy. The many references to current publications and
Web sites can help instructors develop supplemental reading lists or expand classroom
discussion beyond material presented in the text. The use of appendices for several
advanced topics allows instructors to easily include or omit these topics.

The modular nature of the text allows the instructor to omit certain chapters or to
cover chapters in a different sequence. For example, an instructor who wishes to
emphasize data modeling may cover Chapter 13 on object-oriented data modeling
along with or instead of Chapters 2 and 3. An instructor who wishes to cover only basic
entity-relationship concepts (but not the enhanced E-R model) may skip Chapter 3
or cover it after Chapter 4 on the relational model. Three of the advanced topic
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chapters—Chapters 12 through 14—are provided in overview form in the printed text
and in full version on the book’s Companion Web site; this gives the instructor added
flexibility to cover these advanced topics at different levels.

We have contacted many adopters of Modern Database Management and asked
them to share with us their syllabi. Most adopters cover the chapters in sequence, but
several alternative sequences have also been successful. These alternatives include:

® Some instructors cover Chapter 11 on data and database administration immedi-
ately after Chapter 5 on physical database design and the relational model.

e To cover SQL as early as possible, instructors have effectively covered Chapters 6
and 7 immediately after Chapter 4; some have even covered Chapter 6 immedi-
ately after Chapter 1.

* Many instructors have students read appendices along with chapters, such
as reading Appendix A on data modeling notations with Chapters 2 or 3 on
E-R modeling, Appendix B on advanced normal forms with Chapter 4 on the
relational model, and Appendix C on data structures with Chapter 5.

CASE TOOLS

Modern Database Management, 10th edition, offers adopters the option of acquiring
outstanding CASE tools software packages from Microsoft and Oracle. Students can
purchase this book packaged with the full editions of Microsoft Visio Pro and Oracle
11g at a greatly reduced fee. We are proud to offer such highly valued, powerful soft-
ware packages to students at such a low cost. These packages can be used to draw data
models, generate normalized relations from conceptual data models, and generate
database definition code, among other tasks. These tools are also useful in other courses
on information systems development.

THE SUPPLEMENT PACKAGE: WWW.PEARSONHIGHERED.COM/HOFFER

A comprehensive and flexible technology support package is available to enhance the
teaching and learning experience. All instructor and student supplements are available
on the text Web site: www.pearsonhighered.com/hoffer.

FOR STUDENTS The following online resources are available to students:

® The Web Resources module includes the Web links referenced at the end of each
chapter in the text to help students further explore database management topics
on the Web.

o A full glossary is available, along with a glossary of acronyms.

* Links to sites where students can use our data sets are provided. Although our data
sets are provided in formats that are easily loaded on computers at your univer-
sity or on student PCs, some instructors will not want the responsibility of sup-
porting local data sets. The application service providers with whom we have
developed arrangements (e.g., www.teradatastudentnetwork.com) provide thin-
client interfaces to SQL coding environments. See the text’s Web site and the
inside front cover for more details.

e Complete chapters on distributed databases, object-oriented data modeling, and object-
oriented development with relational databases allow you to learn in depth about
topics that are overviewed in Chapters 12 through 14 of the textbook.

o Accompanying databases are also provided. Two versions of the Pine Valley Furniture
Company case have been created and populated for the 10th edition. One version
is scoped to match the textbook examples. A second version is fleshed out with
more data and tables, as well as sample forms, reports, and modules coded in
Visual Basic. This version is not complete, however, so that students can create miss-
ing tables and additional forms, reports, and modules. Databases are provided in
several formats (ASCII tables, Oracle script, and Microsoft Access), but formats vary
for the two versions. Some documentation of the databases is also provided. Both
versions of the PVFC database are also provided on Teradata University Network.
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e Several new, custom-developed short videos that address key concepts and skills from
different sections of the book help students to learn material that may be more diffi-
cult to understand by using both the printed text and a mini lecture.

FOR INSTRUCTORS The following online resources are available to instructors:

e The Instructor’s Resource Manual by Chelley Vician, University of St. Thomas, pro-
vides chapter-by-chapter instructor objectives, classroom ideas, and answers to
Review Questions, Problems and Exercises, Field Exercises, and Project Case
Questions. The Instructor’s Resource Manual is available for download on the in-
structor area of the text’s Web site.

e The Test Item File and TestGen by John P. Russo, Wentworth Institute of Technology,
includes a comprehensive set of test questions in multiple-choice, true/false, and
short-answer format, ranked according to level of difficulty and referenced with
page numbers and topic headings from the text. The Test Item File is available in
Microsoft Word and as the computerized TestGen. TestGen is a comprehensive
suite of tools for testing and assessment. It allows instructors to easily create and
distribute tests for their courses, either by printing and distributing through tradi-
tional methods or by online delivery via a local area network (LAN) server. Test
Manager features Screen Wizards to assist you as you move through the program,
and the software is backed with full technical support.

* PowerPoint presentation slides by Michel Mitri, James Madison University, feature
lecture notes that highlight key terms and concepts. Instructors can customize the
presentation by adding their own slides or editing existing ones.

e The Image Library is a collection of the text art organized by chapter. It includes all
figures, tables, and screenshots (as permission allows) and can be used to enhance
class lectures and PowerPoint slides.

* Accompanying databases are also provided. Two versions of the Pine Valley Furniture
Company case have been created and populated for the 10th edition. One version
is scoped to match the textbook examples. A second version is fleshed out with
more data and tables, and sample forms, reports, and modules coded in Visual
Basic. This version is not complete, however, so that students can create missing
tables and additional forms, reports, and modules. Databases are provided in sev-
eral formats (ASCII tables, Oracle script, and Microsoft Access), but formats vary
for the two versions. Some documentation of the databases is also provided. Both
versions of the PVFC database are also provided on Teradata University Network.

* A white paper by Willard Baird, Progress Telecom, Achieving Optimal Database
Performance, provides supplemental reading for students interested in tuning an
Oracle database. This paper provides a real-world perspective from a very experi-
enced database administrator. It offers students and instructors an opportunity to
consider the differences between material taught in classrooms and the hands-on
experience gained through professional database administration.

MATERIALS FOR YOUR ONLINE COURSE

Pearson Prentice Hall supports our adopters using online courses by providing files
ready for upload into Blackboard course management systems for our testing, quizzing,
and other supplements. Please contact your local Pearson Prentice Hall representative
for further information on your particular course.

COURSESMART eTEXTBOOK

CourseSmart is an exciting new choice for students looking to save money. As an alter-
native to purchasing the print textbook, students can purchase an electronic version of
the same content and save up to 50% off the suggested list price of the print text. With a
CourseSmart eTextbook, students can search the text, make notes online, print out read-
ing assignments that incorporate lecture notes, and bookmark important passages for
later review. For more information, or to purchase access to the CourseSmart eTextbook,
visit www.coursesmart.com.
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The Context of Database
Management

AN OVERVIEW OF PART ONE

In this chapter and opening part of the book, we set the context and provide basic
database concepts and definitions used throughout the text. In this part, we por-
tray database management as an exciting, challenging, and growing field that pro-
vides numerous career opportunities for information systems students. Databases
continue to become a more common part of everyday living and a more central
component of business operations. From the database that stores contact informa-
tion in your personal digital assistant (PDA) or smartphone to the very large data-
bases that support enterprise-wide information systems, databases have become
the central points of data storage that were envisioned decades ago. Customer
relationship management and Internet shopping are examples of two database-
dependent activities that have developed in recent years. The development of data
warehouses that provide managers the opportunity for deeper and broader histor-
ical analysis of data also continues to take on more importance.

We begin by providing basic definitions of data, database, metadata, database
management system, data warehouse, and other terms associated with this environ-
ment. We compare databases with the older file management systems they replaced
and describe several important advantages that are enabled by the carefully planned
use of databases. We describe the major components of the database environment
and the types of applications, as well as two-tier, multitier, and enterprise databases.
Enterprise databases include those that are used to support enterprise resource plan-
ning systems and data warehouses.

The chapter in this introductory part of the book also describes the general
steps followed in the analysis, design, implementation, and administration of data-
bases. Further, this chapter also illustrates how the database development process
fits into the overall information systems development process. Database develop-
ment for both structured life cycle and prototyping methodologies is explained. We
introduce enterprise data modeling, which sets the range and general contents of
organizational databases. This is often the first step in database development. We
introduce the concept of schemas and the three-schema architecture, which is the
dominant approach in modern database systems. Finally, we describe the roles of
the various people who are typically involved in a database development project.
The Pine Valley Furniture Company case is introduced and used to illustrate many
of the principles and concepts of database management. This case is used through-
out the text as a continuing example of the use of database management systems.

Chapter 1

The Database
Environment and
Development Process
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CHAPTER

The Database Environment
and Development Process

Learning Objectives

After studying this chapter, you should be able to:

» Concisely define each of the following key terms: data, database, database
management system, data model, information, metadata, enterprise data model,
entity, relational database, enterprise resource planning (ERP) system, database
application, data warehouse, data independence, repository, user view, enterprise
data modeling, systems development life cycle (SDLC), prototyping, agile
software development, computer-aided software engineering (CASE), conceptual
schema, logical schema, and physical schema.

> Name several limitations of conventional file processing systems.

> Explain at least ten advantages of the database approach, compared to traditional
file processing.

> Identify several costs and risks of the database approach.

> List and briefly describe nine components of a typical database environment.

> Identify four categories of applications that use databases and their key
characteristics.

> Describe the life cycle of a systems development project, with an emphasis on the
purpose of database analysis, design, and implementation activities.

> Explain the prototyping and agile-development approaches to database and
application development.

> Explain the roles of individuals who design, implement, use, and administer databases.

> Explain the differences between external, conceptual, and internal schemas and the
reasons for the three-schema architecture for databases.

DATA MATTER!

The world has become a very complex place. The advantage goes to people and
organizations that collect, manage, and interpret information effectively. To make
our point, let’s visit Continental Airlines. A little over a decade ago, Continental
was in real trouble, ranking at the bottom of U.S. airlines in on-time performance,
mishandled baggage, customer complaints, and overbooking. Speculation was
that Continental would have to file for bankruptcy for the third time. In the past
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10 years, Continental had had 10 CEOs. Could more effective collection,
management, and interpretation of Continental’s data and information help
Continental’s situation? The answer is a definite yes. Today Continental is one of
the most respected global airlines and has been named the Most Admired Global
Airline on Fortune magazine’s list of Most Admired Global Companies annually
since 2004. It was recognized as Best Airline Based in North America and the airline
with the Best Airline Finance Deal by the 2008 OAG Airline of the Year awards.

Continental’s former chairman of the board and CEO, Larry Kellner, points to the
use of real-time business intelligence as a significant factor in Continental’s
turnaround. How? Implementation of a real-time or “active” data warehouse has
supported the company’s business strategy, dramatically improving customer service
and operations, creating cost savings, and generating revenue. Fifteen years ago,
Continental could not even track a customer’s travel itinerary if more than one stop
was involved. Now, employees who deal with travelers know if a high-value customer
is currently experiencing a delay in a trip, where and when the customer will arrive at
the airport, and the gate where the customer must go to make the next airline
connection. High-value customers receive letters of apology if they experience travel
delays on Continental and sometimes a trial membership in the President’s Club.

Following is a list of some of the wins that came from integrating revenue,
flight schedule, customer, inventory, and security data as part of the data
warehousing project:

1. Better optimization of airfares using mathematical programming models that
are able to adjust the number of seats sold at a particular fare using real-time
sales data

2. Improvement of customer relationship management focused on Continental'’s
most profitable customers

3. Immediate availability of customer profiles to sales personnel, marketing
managers, and flight personnel, such as ticket agents and flight attendants

4. Support for union negotiations, including analysis of pilot staffing that allows
management and union negotiators to evaluate the appropriateness of work
assignment decisions

5. Development of fraud profiles that can be run against the data to identify
transactions that appear to fit one of over 100 fraud profiles

To emphasize this last win, Continental’s ability to meet Homeland Security
requirements has been greatly aided by the real-time data warehouse. During the
period immediately following the terrorist attacks of September 11, 2001,
Continental was able to work with the FBI to determine whether any terrorists on
the FBI watch list were attempting to board Continental flights. The data
warehouse’s ability to identify fraudulent activity and monitor passengers
contributes significantly to Continental’s goal of keeping all its passengers and
crew members safe (Anderson-Lehman et al., 2004).

Continental’s turnaround has been based on its corporate culture, which places
a high value on customer service and the effective use of information through the
integration of data in the data warehouse. Data do, indeed, matter. The topics
covered in this textbook will equip you with a deeper understanding of data and
how to collect, organize, and manage data. This understanding will give you the
power to support any business strategy and the deep satisfaction that comes from
knowing how to organize data so that financial, marketing, or customer service
questions can be answered almost as soon as they are asked. Enjoy!

INTRODUCTION

Over the past two decades there has been enormous growth in the number and
importance of database applications. Databases are used to store, manipulate, and
retrieve data in nearly every type of organization, including business, health care,
education, government, and libraries. Database technology is routinely used by
individuals on personal computers, by workgroups accessing databases on network

3



4

PartI ¢ The Context of Database Management

servers, and by employees using enterprise-wide distributed applications.
Databases are also accessed by customers and other remote users through diverse
technologies, such as automated teller machines, Web browsers, smartphones, and
intelligent living and office environments. Most Web-based applications depend
on a database foundation.

Following this period of rapid growth, will the demand for databases and
database technology level off? Very likely not! In the highly competitive
environment of the early 2000s, there is every indication that database technology
will assume even greater importance. Managers seek to use knowledge derived
from databases for competitive advantage. For example, detailed sales databases
can be mined to determine customer buying patterns as a basis for advertising and
marketing campaigns. Organizations embed procedures called alerts in databases to
warn of unusual conditions, such as impending stock shortages or opportunities to
sell additional products, and to trigger appropriate actions.

Although the future of databases is assured, much work remains to be done.
Many organizations have a proliferation of incompatible databases that were
developed to meet immediate needs rather than based on a planned strategy or a
well-managed evolution. Enormous amounts of data are trapped in older, “legacy”
systems, and the data are often of poor quality. New skills are required to design
and manage data warehouses and to integrate databases with Internet
applications. There is a shortage of skills in areas such as database analysis, database
design, data administration, and database administration. We address these and
other important issues in this textbook to equip you for the jobs of the future.

A course in database management has emerged as one of the most important
courses in the information systems curriculum today. Many schools have added an
additional elective course in data warehousing or database administration to
provide in-depth coverage of these important topics. As information systems
professionals, you must be prepared to analyze database requirements and design
and implement databases within the context of information systems development.
You also must be prepared to consult with end users and show them how they can
use databases (or data warehouses) to build decision support systems and
executive information systems for competitive advantage. And, the widespread
use of databases attached to Web sites that return dynamic information to users of
these sites requires that you understand not only how to link databases to the Web-
based applications but also how to secure those databases so that their contents
can be viewed but not compromised by outside users.

In this chapter, we introduce the basic concepts of databases and database
management systems (DBMSs). We describe traditional file management systems
and some of their shortcomings that led to the database approach. Next, we
consider the benefits, costs, and risks of using the database approach. We review
of the range of technologies used to build, use, and manage databases, describe
the types of applications that use databases—personal, two-tier, three-tier, and
enterprise—and describe how databases have evolved over the past five decades.

Because a database is one part of an information system, this chapter also
examines how the database development process fits into the overall information
systems development process. The chapter emphasizes the need to coordinate
database development with all the other activities in the development of a complete
information system. It includes highlights from a hypothetical database development
process at Pine Valley Furniture Company. Using this example, the chapter introduces
tools for developing databases on personal computers and the process of extracting
data from enterprise databases for use in stand-alone applications.

There are several reasons for discussing database development at this point. First,
although you may have used the basic capabilities of a database management system,
such as Microsoft Access, you may not yet have developed an understanding of how
these databases were developed. Using simple examples, this chapter briefly
illustrates what you will be able to do after you complete a database course using this
text. Thus, this chapter helps you to develop a vision and context for each topic
developed in detail in subsequent chapters.
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Second, many students learn best from a text full of concrete examples.
Although all of the chapters in this text contain numerous examples, illustrations,
and actual database designs and code, each chapter concentrates on a specific
aspect of database management. We have designed this chapter to help you
understand, with minimal technical details, how all of these individual aspects of
database management are related and how database development tasks and
skills relate to what you are learning in other information systems courses.

Finally, many instructors want you to begin the initial steps of a database
development group or individual project early in your database course. This chapter
gives you an idea of how to structure a database development project sufficient to
begin a course exercise. Obviously, because this is only the first chapter, many of the
examples and notations we will use will be much simpler than those required for
your project, for other course assignments, or in a real organization.

One note of caution: You will not learn how to design or develop databases
just from this chapter. Sorry! We have purposely kept the content of this chapter
introductory and simplified. Many of the notations used in this chapter are not
exactly like the ones you will learn in subsequent chapters. Our purpose in this
chapter is to give you a general understanding of the key steps and types of skills,
not to teach you specific techniques. You will, however, learn fundamental
concepts and definitions and develop an intuition and motivation for the skills and
knowledge presented in later chapters.

BASIC CONCEPTS AND DEFINITIONS

We define a database as an organized collection of logically related data. Not many
words in the definition, but have you looked at the size of this book? There is a lot to do
to fulfill this definition.

A database may be of any size and complexity. For example, a salesperson may
maintain a small database of customer contacts—consisting of a few megabytes of
data—on her laptop computer. A large corporation may build a large database consist-
ing of several terabytes of data (a terabyte is a trillion bytes) on a large mainframe
computer that is used for decision support applications (Winter, 1997). Very large data
warehouses contain more than a petabyte of data. (A petabyte is a quadrillion bytes.) (We
assume throughout the text that all databases are computer based.)

Data

Historically, the term data referred to facts concerning objects and events that could be
recorded and stored on computer media. For example, in a salesperson’s database, the
data would include facts such as customer name, address, and telephone number. This
type of data is called structured data. The most important structured data types are nu-
meric, character, and dates. Structured data are stored in tabular form (in tables, rela-
tions, arrays, spreadsheets, etc.) and are most commonly found in traditional databases
and data warehouses.

The traditional definition of data now needs to be expanded to reflect a new re-
ality: Databases today are used to store objects such as documents, e-mails, maps,
photographic images, sound, and video segments in addition to structured data. For
example, the salesperson’s database might include a photo image of the customer
contact. It might also include a sound recording or video clip about the most recent
product. This type of data is referred to as unstructured data, or as multimedia data.
Today structured and unstructured data are often combined in the same database to
create a true multimedia environment. For example, an automobile repair shop can
combine structured data (describing customers and automobiles) with multimedia
data (photo images of the damaged autos and scanned images of insurance claim
forms).

An expanded definition of data that includes structured and unstructured types is
“a stored representation of objects and events that have meaning and importance in the
user’s environment.”

Database
An organized collection of logically
related data.

Data

Stored representations of objects
and events that have meaning and
importance in the user’s
environment.
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Data Versus Information

The terms data and information are closely related, and in fact are often used interchange-
ably. However, it is useful to distinguish between data and information. We define

Information information as data that have been processed in such a way that the knowledge of the
Data that have been processed in person who uses the data is increased. For example, consider the following list of facts:
such a way as to increase the
knowledge of the person who uses Baker, Kenneth D. 324917628
the data. Doyle, Joan E. 476193248

Finkle, Clive R. 548429344

Lewis, John C. 551742186

McFerran, Debra R. 409723145

These facts satisfy our definition of data, but most people would agree that the
data are useless in their present form. Even if we guess that this is a list of people’s
names paired with their Social Security numbers, the data remain useless because we
have no idea what the entries mean. Notice what happens when we place the same data
in a context, as shown in Figure 1-1a.

By adding a few additional data items and providing some structure, we recog-
nize a class roster for a particular course. This is useful information to some users, such
as the course instructor and the registrar’s office. Of course, as general awareness of the
importance of strong data security has increased, few organizations still use Social
Security numbers as identifiers. Instead, most organizations use an internally generated
number for identification purposes.

FIGURE 1-1 Converting data
to information
(a) Data in context

Class Roster

Course:  MGT 500 Semester: Spring 2010
Business Policy

Section: 2

Name ID Major GPA
Baker, Kenneth D. 324917628 MGT 2.9
Doyle, Joan E. 476193248 MKT 3.4
Finkle, Clive R. 548429344 PRM 2.8
Lewis, John C. 551742186 MGT 3.7
McFerran, Debra R. 409723145 IS 2.9
Sisneros, Michael 392416582 ACCT 3.3

(b) Summarized data

— — o ctual

sssssssssnss = ggtimated

2
(=
§ 300 —— L ®
)
%5 200 ——
OTHER g
(15%) E 100 ——
z

[ 1 1 | | |
1T 1T 1
2005 2006 2007 2008 2009 2010

Year
Percent Enrollment by Major (2010) Enrollment Projections




Chapter 1 ¢ The Database Environment and Development Process 7

Another way to convert data into information is to summarize them or otherwise
process and present them for human interpretation. For example, Figure 1-1b shows
summarized student enrollment data presented as graphical information. This informa-
tion could be used as a basis for deciding whether to add new courses or to hire new
faculty members.

In practice, according to our definitions, databases today may contain either
data or information (or both). For example, a database may contain an image of the
class roster document shown in Figure 1-1a. Also, data are often preprocessed and
stored in summarized form in databases that are used for decision support.
Throughout this text we use the term database without distinguishing its contents as
data or information.

Metadata

As we have indicated, data become useful only when placed in some context. The
primary mechanism for providing context for data is metadata. Metadata are data
that describe the properties or characteristics of end-user data and the context of that
data. Some of the properties that are typically described include data names, defini-
tions, length (or size), and allowable values. Metadata describing data context in-
clude the source of the data, where the data are stored, ownership (or stewardship),
and usage. Although it may seem circular, many people think of metadata as “data
about data.”

Some sample metadata for the Class Rster (Figure 1-1a) are listed in Table 1-1. For
each data item that appears in the Class Roster, the metadata show the data item name,
the data type, length, minimum and maximum allowable values (where appropriate), a
brief description of each data item, and the source of the data (sometimes called the
system of record). Notice the distinction between data and metadata. Metadata are once
removed from data. That is, metadata describe the properties of data but are separate
from that data. Thus, the metadata shown in Table 1-1 do not include any sample data
from the Class Roster of Figure 1-1a. Metadata enable database designers and users to
understand what data exist, what the data mean, and how to distinguish between data
items that at first glance look similar. Managing metadata is at least as crucial as manag-
ing the associated data because data without clear meaning can be confusing, mis-
interpreted, or erroneous. Typically, much of the metadata are stored as part of the
database and may be retrieved using the same approaches that are used to retrieve data
or information.

Data can be stored in files or in databases. In the following sections we examine
the progression from file processing systems to databases and the advantages and dis-
advantages of each.

TABLE 1-1 Example Metadata for Class Roster

Metadata

Data that describe the properties or
characteristics of end-user data and
the context of those data.

Data Item Metadata

Name Type Length Min Max Description Source
Course Alphanumeric 30 Course ID and name Academic Unit
Section Integer 1 1 9 Section number Registrar
Semester Alphanumeric 10 Semester and year Registrar
Name Alphanumeric 30 Student name Student IS

ID Integer 9 Student ID (SSN) Student IS
Major Alphanumeric 4 Student major Student IS

GPA Decimal 3 0.0 4.0 Student grade point average Academic Unit
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TRADITIONAL FILE PROCESSING SYSTEMS

When computer-based data processing was first available, there were no databases. To
be useful for business applications, computers had to store, manipulate, and retrieve
large files of data. Computer file processing systems were developed for this purpose.
Although these systems have evolved over time, their basic structure and purpose have
changed little over several decades.

As business applications became more complex, it became evident that traditional
file processing systems had a number of shortcomings and limitations (described next).
As a result, these systems have been replaced by database processing systems in most
business applications today. Nevertheless, you should have at least some familiarity
with file processing systems since understanding the problems and limitations inherent
in file processing systems can help you avoid these same problems when designing
database systems.

File Processing Systems at Pine Valley Furniture Company

Early computer applications at Pine Valley Furniture (during the 1980s) used the tra-
ditional file processing approach. This approach to information systems design met
the data processing needs of individual departments rather than the overall informa-
tion needs of the organization. The information systems group typically responded to
users’ requests for new systems by developing (or acquiring) new computer pro-
grams for individual applications such as inventory control, accounts receivable, or
human resource management. No overall map, plan, or model guided application
growth.

Three of the computer applications based on the file processing approach are shown
in Figure 1-2. The systems illustrated are Order Filling, Invoicing, and Payroll. The figure
also shows the major data files associated with each application. A file is a collection of re-
lated records. For example, the Order Filling System has three files: Customer Master,
Inventory Master, and Back Order. Notice that there is duplication of some of the files
used by the three applications, which is typical of file processing systems.

Orders Department Accounting Department Payroll Department

@ Program B @ Program A Program B @ @

{ { {

Order Filling

Invoicing Payroll

System System System

)
Customer

Master
File

v

Inventory
Master
File

Inventory Customer
Pricing Master
File File

Employee

Master
File

FIGURE 1-2 Old file processing systems at Pine Valley Furniture Company
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Disadvantages of File Processing Systems

Several disadvantages associated with conventional file processing systems are listed in
Table 1-2 and described briefly below. It is important to understand these issues because
if we don’t follow the database management practices described in this book, some of
these disadvantages can also become issues for databases as well.

PROGRAM-DATA DEPENDENCE File descriptions are stored within each database
application program that accesses a given file. For example, in the Invoicing System in
Figure 1-2, Program A accesses the Inventory Pricing File and the Customer Master
File. Because the program contains a detailed file description for these files, any
change to a file structure requires changes to the file descriptions for all programs that
access the file.

Notice in Figure 1-2 that the Customer Master File is used in the Order Filling
System and the Invoicing System. Suppose it is decided to change the customer address
field length in the records in this file from 30 to 40 characters. The file descriptions in
each program that is affected (up to five programs) would have to be modified. It is
often difficult even to locate all programs affected by such changes. Worse, errors are
often introduced when making such changes.

DUPLICATION OF DATA Because applications are often developed independently in file
processing systems, unplanned duplicate data files are the rule rather than the excep-
tion. For example, in Figure 1-2 the Order Filling System contains an Inventory Master
File, whereas the Invoicing System contains an Inventory Pricing File. These files
contain data describing Pine Valley Furniture Company’s products, such as product
description, unit price, and quantity on hand. This duplication is wasteful because it
requires additional storage space and increased effort to keep all files up to date. Data
formats may be inconsistent or data values may not agree (or both). Reliable metadata
are very difficult to establish in file processing systems. For example, the same data
item may have different names in different files, or conversely, the same name may be
used for different data items in different files.

LIMITED DATA SHARING With the traditional file processing approach, each applica-
tion has its own private files, and users have little opportunity to share data outside
their own applications. Notice in Figure 1-2, for example, that users in the Accounting
Department have access to the Invoicing System and its files, but they probably do not
have access to the Order Filling System or to the Payroll System and their files.
Managers often find that a requested report requires a major programming effort
because data must be drawn from several incompatible files in separate systems. When
different organizational units own these different files, additional management barriers
must be overcome.

LENGTHY DEVELOPMENT TIMES ~With traditional file processing systems, each new ap-
plication requires that the developer essentially start 