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Preface

This book introduces the fundamental concepts necessary for designing, using, and imple­
menting database systems and applications. Our presentations stresses the fundamentals
of database modeling and design, the languages and facilities provided by the database
management systems, and system implementation techniques. The book is meant to be
used as a textbook for a one- or two-semester course in database systems at the junior,
senior or graduate level, and as a reference book. We assume that the readers are familiar
with elementary programming and data-structuring concepts and that they have had
some exposure to the basic computer organization.

We start in Part I with an introduction and a presentation of the basic concepts and
terminology, and database conceptual modeling principles. We conclude the book in
Parts 7 and 8 with an introduction to emerging technologies, such as data mining, XML,
security, and Web databases. Along the way-in Parts 2 through 6-we provide an in­
depth treatment of the most important aspects of database fundamentals.

The following key features are included in the fourth edition:

• The entire book follows a self-contained, flexible organization that can be tailored to
individual needs.

• Coverage of data modeling now includes both the ER model and UML.

• A new advanced SQL chapter with material on SQL programming techniques, such as
]DBC and SQL/CLl.

VII
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viii Preface

• Two examples running throughout the book-----called COMPANY and UNIVER­
SITY-allow the reader to compare different approaches that use the same application.

• Coverage has been updated on security, mobile databases, GIS, and Genome data
management.

• A new chapter on XML and Internet databases.

• A new chapter on data mining.

• A significant revision of the supplements to include a robust set of materials for
instructors and students, and an online case study.

Main Differences from the Third Edition
There are several organizational changes in the fourth edition, as well as some important
new chapters. The main changes are as follows:

• The chapters on file organizations and indexing (Chapters 5 and 6 in the third edi­
tion) have been moved to Part 4, and are now Chapters 13 and 14. Part 4 also
includes Chapters 15 and 16 on query processing and optimization, and physical
database design and tuning (this corresponds to Chapter 18 and sections 16.3-16.4 of
the third edition).

• The relational model coverage has been reorganized and updated in Part 2. Chapter
5 covers relational model concepts and constraints. The material on relational alge­
bra and calculus is now together in Chapter 6. Relational database design using ER­
to-relational and EER-to-relational mapping is in Chapter 7. SQL is covered in
Chapters 8 and 9, with the new material in SQL programming techniques in sections
9.3 through 9.6.

• Part 3 covers database design theory and methodology. Chapters 10 and lion normal­
ization theory correspond to Chapters 14 and 15 of the third edition. Chapter 12 on
practical database design has been updated to include more UML coverage.

• The chapters on transactions, concurrency control, and recovery (19, 20, 21 in the
third edition) are now Chapters 17, 18, and 19 in Part 5.

• The chapters on object-oriented concepts, ODMG object model, and object-relational
systems (11,12,13 in the third edition) are now 20, 21, and 22 in Part 6. Chapter 22
has been reorganized and updated.

• Chapters 10 and 17 of the third edition have been dropped. The material on client­
server architectures has been merged into Chapters 2 and 25.

• The chapters on security, enhanced models (active, temporal, spatial, multimedia), and
distributed databases (Chapters 22, 23, 24 in the third edition) are now 23, 24, and 25
in Part 7. The security chapter has been updated. Chapter 25 of the third edition on
deductive databases has been merged into Chapter 24, and is now section 24.4.

Ex.1066 / Page 6 of 46
APPLE INC.

Ex.1066 / Page 6 of 46
APPLE INC.



• Chapter 26 is a new chapter on XML (eXtended Markup Language), and how it is
related to accessing relational databases over the Internet.

• The material on data mining and data warehousing (Chapter 26 of the third edition)
has been separated into two chapters. Chaprer 27 on data mining has been expanded
and updated.

Contents of This Edition
Part 1 describes the basic concepts necessary for a good understanding of database design
and implementation, as well as the conceptual modeling techniques used in database sys­
tems. Chapters 1 and 2 introduce databases, their typical users, and DBMS concepts, ter­
minology, and architecture. In Chapter 3, the concepts of the Entity-Relationship (ER)
model and ER diagrams are presented and used to illustrate conceptual database design.
Chapter 4 focuses on data abstraction and semantic data modeling concepts and extends
the ER model to incorporate these ideas, leading to the enhanced-ER (EER) data model
and EER diagrams. The concepts presented include subclasses, specialization, generaliza­
tion, and union types (categories). The notation for the class diagrams of UML are also
introduced in Chapters 3 and 4.

Part 2 describes the relational data model and relational DBMSs. Chapter 5 describes
the basic relational model, its integrity constraints and update operations. Chapter 6
describes the operations of the relational algebra and introduces the relational calculus.
Chapter 7 discusses relational database design using ER and EER-to-relational mapping.
Chapter 8 gives a detailed overview of the SQL language, covering the SQL standard,
which is implemented in most relational systems. Chapter 9 covers SQL programming
topics such as SQL], JDBC, and SQL/CLI.

Part 3 covers several topics related to database design. Chapters 10 and 11 cover the
formalisms, theories, and algorithms developed for the relational database design by nor­
malization. This material includes functional and other types of dependencies and normal
forms of relarions. Step-by-step intuitive normalizarion is presented in Chapter 10, and
relational design algorithms are given in Chapter 11, which also defines other types of
dependencies, such as multivalued and join dependencies. Chapter 12 presents an over­
view of the different phases of the database design process for medium-sized and large
applications, using UML.

I Part 4 starts with a description of the physical file structures and access methods used
in database systems. Chapter 13 describes primary methods of organizing files of records
on disk, including static and dynamic hashing. Chapter 14 describes indexing techniques
for files, including B-tree and B+-tree data structures and grid files. Chapter 15 introduces
the basics of query processing and optimization, and Chapter 16 discusses physical data­
base design and tuning.

Part 5 discusses transaction processing, concurrency control, and recovery tech­
niques, including discussions of how these concepts are realized in SQL.

Preface IIX
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x I Preface

Part 6 gives a comprehensive introduction to object databases and object-relational
systems. Chapter 20 introduces object-oriented concepts. Chapter 21 gives a detailed
overview of the ODMG object model and its associated ODL and OQL languages. Chapter
22 describes how relational databases are being extended to include object-oriented con­
cepts and presents the features of object-relational systems, as well as giving an overview
of some of the features of the SQL3 standard, and the nested relational data model.

Parts 7 and 8 cover a number of advanced topics. Chapter 23 gives an overview of
database security and authorization, including the SQL commands to GRANT and
REVOKE privileges, and expanded coverage on security concepts such as encryption,
roles, and flow control. Chapter 24 introduces several enhanced database models for
advanced applications. These include active databases and triggers, temporal, spatial, mul­
timedia, and deductive databases. Chapter 25 gives an introduction to distributed data­
bases and the three-tier client-server architecture. Chapter 26 is a new chapter on XML
(eXtended Markup Language). It first discusses the differences between structured, semi­
structured, and unstructured models, then presents XML concepts, and finally compares
the XML model to traditional database models. Chapter 27 on data mining has been
expanded and updated. Chapter 28 introduces data warehousing concepts. Finally, Chap­
ter 29 gives introductions to the topics of mobile databases, multimedia databases, GIS
(Geographic Information Systems), and Genome data management in bioinformatics.

Appendix A gives a number of alternative diagrammatic notations for displaying a con­
ceptual ER or EER schema. These may be substituted for the notation we use, if the instructor
so wishes. Appendix C gives some important physical parameters of disks. Appendixes B, E,
and F are on the web site. Appendix B is a new case study that follows the design and imple­
mentation of a bookstore's database. Appendixes E and F cover legacy database systems,
based on the network and hierarchical database models. These have been used for over
thirty years as a basis for many existing commercial database applications and transaction­
processing systems and will take decades to replace completely. We consider it important to
expose students of database management to these long-standing approaches. Full chapters
from the third edition can be found on the web site for this edition.

Guidelines for Using This Book
There are many different ways to teach a database course. The chapters in Parts 1 through
5 can be used in an introductory course on database systems in the order that they are
given or in the preferred order of each individual instructor. Selected chapters and sec­
tions may be left out, and the instructor can add other chapters from the rest of the book,
depending on the emphasis if the course. At the end of each chapter's opening section,
we list sections that are candidates for being left out whenever a less detailed discussion of
the topic in a particular chapter is desired. We suggest covering up to Chapter 14 in an
introductory database course and including selected parts of other chapters, depending on
the background of the students and the desired coverage. For an emphasis on system
implementation techniques, chapters from Parts 4 and 5 can be included.

Chapters 3 and 4, which cover conceptual modeling using the ER and EERmodels, are
important for a good conceptual understanding of databases. However, they may be par-
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tially covered, covered later in a course, or even left out if the emphasis is on DBMS imple­
mentation. Chapters 13 and 14 on file organizations and indexing may also be covered
early on, later, or even left out if the emphasis is on database models and languages. For
students who have already taken a course on file organization, parts of these chapters
could be assigned as reading material or some exercises may be assigned to review the
concepts.

A total life-cycle database design and implementation project covers conceptual
design (Chapters 3 and 4), data model mapping (Chapter 7), normalization (Chapter
10), and implementation in SQL (Chapter 9). Additional documentation on the specific
RDBMS would be required.

The book has been written so that it is possible to cover topics in a variety of orders.
The chart included here shows the major dependencies between chapters. As the diagram
illustrates, it is possible to start with several different topics following the first two intro­
ductory chapters. Although the chart may seem complex, it is important to note that if
the chapters are covered in order, the dependencies are not lost. The chart can be con­
sulted by instructors wishing to use an alternative order of presentation.

For a single-semester course based on this book, some chapters can be assigned as read­
ing material. Parts 4,7, and 8 can be considered for such an assignment. The book can also

Preface I XI
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xii Preface

\

be used for a two-semester sequence. The first course, "Introduction to Database Design/
Systems," at the sophomore, junior, or senior level, could cover most of Chapters 1 to 14.
The second course, "Database Design and Implementation Techniques," at the senior or
first-year graduate level, can cover Chapters 15 to 28. Chapters from Parts 7 and 8 can be
used selectively in either semester, and material describing the DBMS available to the stu­
dents at the local institution can be covered in addition to the material in the book.

Supplemental Materials
The supplements to this book have been significantly revised. With Addison-Wesley's
Database Place there is a robust set of interactive reference materials to help students
with their study of modeling, normalization, and SQL. Each tutorial asks students to solve
problems (such as writing an SQL query, drawing an ER diagram or normalizing a rela­
tion), and then provides useful feedback based on the student's solution. Addison­
Wesley's Database Place helps students master the key concepts of all database courses.
For more information visit aw.corn/databaseplace.

In addition the following supplements are available to all readers of this book at
www.aw.com/cssupport.

• Additional content: This includes a new Case Study on the design and implementa­
tion of a bookstore's database as well as chapters from previous editions that are not
included in the fourth edition.

• A set of PowerPoint lecture notes

A solutions manual is also available to qualified instructors. Please contact your local
Addison-Wesley sales representative, or send e-mail to aw.cseteaw.com, for information
on how to access it.
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Databases and
Database Users

Databases and database systems have become an essential component of everyday life in
modern society. In the course of a day, most of us encounter several activities that involve
some interaction with a database. For example, if we go to the bank to deposit or with­
draw funds, if we make a hotel or airline reservation, if we access a computerized library
catalog to search for a bibliographic item, or if we buy some item-such as a book, toy, or
computer-from an Internet vendor through its Web page, chances are that our activities
will involve someone or some computer program accessing a database. Even purchasing
items from a supermarket nowadays in many cases involves an automatic update of the
database that keeps the inventory of supermarket items.

These interactions are examples of what we may call traditional database
applications, in which most of the information that is stored and accessed is either
textual or numeric. In the past few years, advances in technology have been leading to
exciting new applications of database systems. Multimedia databases can now store
pictures, video clips, and sound messages. Geographic information systems (CIS) can
store and analyze maps, weather data, and satellite images. Data warehouses and online
analytical processing (ot.Ar) systems are used in many companies to extract and analyze
useful information from very large databases for decision making. Real-time and active
database technology is used in controlling industrial and manufacturing processes. And
database search techniques are being applied to the World Wide Web to improve the
search for information that is needed by users browsing the Internet.

3
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4 I Chapter 1 Databases and Database Users

To understand the fundamentals of database technology, however, we must start from
the basics of traditional database applications. So, in Section 1.1 of this chapter we define
what a database is, and then we give definitions of other basic terms. In Section 1.2, we
provide a simple UNIVERSITY database example to illustrate our discussion. Section 1.3
describes some of the main characteristics of database systems, and Sections 1.4 and 1.5
categorize the types of personnel whose jobs involve using and interacting with database
systems. Sections 1.6, 1.7, and 1.8 offer a more thorough discussion of the various
capabilities provided by database systems and discuss some typical database applications.
Section 1.9 summarizes the chapter.

The reader who desires only a quick introduction to database systems can study
Sections 1.1 through 1.5, then skip or browse through Sections 1.6 through 1.8 and go on
to Chapter 2.

1.1 INTRODUCTION
Databases and database technology are having a major impact on the growing use of com­
puters. It is fair to say that databases playa critical role in almost all areas where comput­
ers are used, including business, electronic commerce, engineering, medicine, law,
education, and library science, to name a few. The word database is in such common use
that we must begin by defining what a database is. Our initial definition is quite general.

A database is a collection of related data. 1 By data, we mean known facts that can be
recorded and that have implicit meaning. For example, consider the names, telephone
numbers, and addresses of the people you know. You may have recorded this data in an
indexed address book, or you may have stored it on a hard drive, using a personal
computer and software such as Microsoft Access, or Excel. This is a collection of related
data with an implicit meaning and hence is a database.

The preceding definition of database is quite general; for example, we may consider
the collection of words that make up this page of text to be related data and hence to

constitute a database. However, the common use of the term database is usually more
restricted. A database has the following implicit properties:

• A database represents some aspect of the real world, sometimes called the miniworld
or the universe of discourse (DoD). Changes to the miniworld are reflected in the
database.

• A database is a logically coherent collection of data with some inherent meaning. A
random assortment of data cannot correctly be referred to as a database.

• A database is designed, built, and populated with data for a specific purpose. It has an
intended group of users and some preconceived applications in which these users are
interested.

1. We will use the word data as both singular and plural, as is common in database literature; con­
text will determine whether it is singular or plural. In standard English, data is used only for plural;
datum is used fur singular.
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1.1 Introduction I 5

In other words, a database has some source from which data is derived, some degree
of interaction with events in the real world, and an audience that is actively interested in
the contents of the database.

A database can be of any size and of varying complexity. For example, the list of
names and addresses referred to earlier may consist of only a few hundred records, each
with a simple structure. On the other hand, the computerized catalog of a large library
may contain half a million entries organized under different categories-by primary
author's last name, by subject, by book title-with each category organized in alphabetic
order. A database of even greater size and complexity is maintained by the Internal
Revenue Service to keep track of the tax forms filed by u.S. taxpayers. If we assume that
there are 100 million taxpayers and if each taxpayer files an average of five forms with
approximately 400 characters of information per form, we would get a database of 100 X

106 X 400 X 5 characters (bytes) of information. If the IRS keeps the past three returns for
each taxpayer in addition to the current return, we would get a database of 8 X 1011 bytes
(800 gigabytes). This huge amount of information must be organized and managed so that
users can search for, retrieve, and update the data as needed.

A database may be generated and maintained manually or it may be computerized.
For example, a library card catalog is a database that may be created and maintained
manually. A computerized database may be created and maintained either by a group of
application programs written specifically for that task or by a database management
system. Of course, we are only concerned with computerized databases in this book.

A database management system (DBMS) is a collection of programs that enables
users to create and maintain a database. The DBMS is hence a general-purpose software
system that facilitates the processes of defining, constructing, manipulating, and sharing
databases among various users and applications. Defining a database involves specifying
the data types, structures, and constraints for the data to be stored in the database.
Constructing the database is the process of storing the data itself on some storage
medium that is controlled by the DBMS. Manipulating a database includes such functions
as querying the database to retrieve specific data, updating the database to reflect changes
in the miniworld, and generating reports from the data. Sharing a database allows
multiple users and programs to access the database concurrently.

Other important functions provided by the DBMS include protecting the database and
maintaining it over a long period of time. Protection includes both system protection
against hardware or software malfunction (or crashes), and security protection against
unauthorized or malicious access. A typical large database may have a life cycle of many
years, so the DBMS must be able to maintain the database system by allowing the system to
evolve as requirements change over time.

It is not necessary to use general-purpose DBMS software to implement a
computerized database. We could write our own set of programs to create and maintain
the database, in effect creating our own special-purpose DBMS software. In either case­
whether we use a general-purpose DBMS or not-we usually have to deploy a considerable
amount of complex software. In fact, most DBMSs are very complex software systems.

To complete our initial definitions, we will call the database and DBMS software
together a database system. Figure I. I illustrates some of the concepts we discussed so far.
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6 I Chapter 1 Databases and Database Users

DATABASE
SYSTEM

UserS/Programmers

~
Application Programs/Queries

DBMS
SOFTWARE

Softwareto Process
Queries/Programs

Softwareto Access
StoredData

StoredDatabase
Definition

(Meta-Data)

Stored
Database

FIGURE 1.1 A simpl ified database system environment.

1.2 AN EXAMPLE
Let us consider a simple example that most readers may be familiar with: a UNIVERSITY

database for maintaining information concerning students, courses, and grades in a uni­
versity environment. Figure 1.2 shows the database structure and a few sample data for
such a database. The database is organized as five files, each of which stores data records of
the same type. 2 The STUDENT file stores data on each student, the COURSE file stores data on
each course, the SECTION file stores data on each section of a course, the GRADE_REPORT file
stores the grades that students receive in the various sections they have completed, and
the PREREQUISITE file stores the prerequisites of each course.

To define this database, we must specify rhe structure of the records of each file by
specifying the different types of data dements to be stored in each record. In Figure 1.2,
each STUDENT record includes data to represent the student's Name, StudentNumber, Class

2. We use the term file informally here. At a conceptual level, a file is a collection of records that may
or may not be ordered.
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me I StudentNumber
.

Class Ma
..- j--..

ith 17 1 C
-- j-.-. .- -_.
wn 8 2 C

ISTUDENT f¥
, Bra
L.

-._-_._---~----_._---~_.._---_.._--~-_.__._,

FIGURE 1.2 A database that stores student and course information.

(freshman or 1, sophomore or 2, ... ), and Major (mathematics or math, computer science
or CS, . . .}; each COURSE record includes data to represent the CourscNamc,
CourseNumber, CreditHours, and Department (the department that offers the course);
and so on. We must also specify a data type for each data clement within a record. For
example, we can specify that Name of STUDENT is a string of alphabetic characters,
StudentN umber of STUDENT is an integer, and Grade of GRADE.. REPORT is a single character
from the set lA, B, C, D, F, l}. We may also use a coding scheme to represent the values of
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8 I Chapter 1 Databases and Database Users

a data item. For example, in Figure 1.2 we represent the Class of a STUDENT as 1 for
freshman, 2 for sophomore, 3 for junior, 4 for senior, and 5 for graduate student.

To construct the UNIVERSITY database, we store data to represent each student, course,
section, grade report, and prerequisite as a record in the appropriate file. Notice that
records in the various files may be related. For example, the record for "Smith" in the STU­

DENT file is related to two records in the GRADE_REPORT file that specify Smith's grades in two
sections. Similarly, each record in the PREREQUISITE file relates two course records: one
representing the course and the other representing the prerequisite. Most medium-size
and large databases include many types of records and have many relationships among the
records.

Database manipulation involves querying and updating. Examples of queries are
"retrieve the transcript-a list of all courses and grades-of Smith," "list the names of
students who took the section of the Database course offered in fall 1999 and their grades
in that section," and "what are the prerequisites of the Database course!" Examples of
updates are "change the class of Smith to Sophomore," "create a new section for the
Database course for this semester," and "enter a grade of A for Smith in the Database
section of last semester." These informal queries and updates must be specified precisely in
the query language of the DBMS before they can be processed.

1.3 CHARACTERISTICS OF
THE DATABASE ApPROACH

A number of characteristics distinguish the database approach from the traditional
approach of programming with files. In traditional file processing, each user defines and
implements the files needed for a specific software application as part of programming the
application. For example, one user, the grade reporting office, may keep a file on students
and their grades. Programs to print a student's transcript and to enter new grades into the
file are implemented as part of the application. A second user, the accounting office, may
keep track of students' fees and their payments. Although both users are interested in data
about students, each user maintains separate files-and programs to manipulate these
files-because each requires some data not available from the other user's files. This
redundancy in defining and storing data results in wasted storage space and in redundant
efforts to maintain common data up to date.

In the database approach, a single repository of data is maintained that is defined
once and then is accessed by various users. The main characteristics of the database
approach versus the file-processing approach are the following:

• Self-describing nature of a database system

• Insulation between programs and data, and data abstraction

• Support of multiple views of the data

• Sharing of data and multiuser transaction procesing

We next describe each of these characteristics in a separate section. Additional
characteristics of database systems are discussed in Sections 1.6 through 1.8.

Ex.1066 / Page 30 of 46
APPLE INC.

Ex.1066 / Page 30 of 46
APPLE INC.



1.3 Characteristics of the Database Approach I 9

1.3.1 Self-Describing Nature of a Database System
A fundamental characteristic of the database approach is that the database system con­
tains not only the database itself but also a complete definition or description of the data­
base structure and constraints. This definition is stored in the DBMS catalog, which
contains information such as the structure of each file, the type and storage format of each
data item, and various constraints on the data. The information stored in the catalog is
called meta-data, and it describes the structure of the primary database (Figure 1.1).

The catalog is used by the DBMS software and also by database users who need
information about the database structure. A general-purpose DBMS software package is
not written for a specific database application, and hence it must refer to the catalog to
know the structure of the files in a specific database, such as the type and format of data it
will access. The DBMS software must work equally well with any number of database
applications-for example, a university database, a banking database, or a company
database-as long as the database definition is stored in the catalog.

In traditional file processing, data definition is typically part of the application
programs themselves. Hence, these programs are constrained to work with only one
specific database, whose structure is declared in the application programs. For example, an
application program written in c++ may have struct or class declarations, and a COBOL

program has Data Division statements to define its files. Whereas file-processing software
can access only specific databases, DBMS software can access diverse databases by
extracting the database definitions from the catalog and then using these definitions.

In the example shown in Figure 1.2, the DBMS catalog will store the definitions of all
the files shown. These definitions are specified by the database designer prior to creating
the actual database and are stored in the catalog. Whenever a request is made to access,
say, the Name of a STUDENT record, the DBMS software refers to the catalog to determine
the structure of the STUDENT file and the position and size of the Name data item within a
STUDENT record. By contrast, in a typical file-processing application, the file structure and,
in the extreme case, the exact location of Name within a STUDENT record are already coded
within each program that accesses this data item.

1.3.2 Insulation between Programs and Data, and Data
Abstraction

In traditional file processing, the structure of data files is embedded in the application pro­
grams,so any changes to the structure of a file may require changing allprograms that access this
file. By contrast, DBMS access programs do not require such changes in most cases. The struc­
ture of data files is stored in the DBMS catalog separately from the access programs. We call this
property program-data independence. For example, a file access program may be written in
such a way that it can access only STUDENT records of the structure shown in Figure 1.3. If we
want to add another piece of data to each STUDENT record, say the BirthDate, such a program
will no longer work and must be changed. By contrast, in a DBMSenvironment, we just need
to change the description of STUDENT records in the catalog to reflect the inclusion of the new
data item BirthDate; no programs are changed. The next time a DBMS program refers to the
catalog, the new structure of STUDENT records will be accessed and used.
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10 I Chapter 1 Databases and Database Users

Data ItemName
Name

StudentNumber
Class
Major

Starting Position in Record
1

31
35
39

Length in Characters (bytes)
30
4
4
4

FIGURE 1.3 Internal storage format for a STUDENT record.

In some types of database systems, such as object-oriented and object-relational
systems (see Chapters 20 to 22), users can define operations on data as part of the
database definitions. An operation (also called a function or method) is specified in two
parts. The interface (or signature) of an operation includes the operation name and the
data types of its arguments (or parameters). The implementation (or method) of the
operation is specified separately and can be changed without affecting the interface. User
application programs can operate on the data by invoking these operations through their
names and arguments, regardless of how the operations are implemented. This may be
termed program-operation independence.

The characteristic that allows program-data independence and program-operation
independence is called data abstraction. A DBMS provides users with a conceptual
representation of data that does not include many of the details of how the data is stored or
how the operations are implemented. Informally, a data model is a type of data abstraction
that is used to provide this conceptual representation. The data model uses logical concepts,
such as objects, their properties, and their interrelationships, that may be easier for most
users to understand than computer storage concepts. Hence, the data model hides storage
and implementation details that are not of interest to most database users.

For example, consider again Figure 1.2. The internal implementation of a file may be
defined by its record length-the number of characters (bytes) in each record-and each data
item may be specified by its starting byte within a record and its length in bytes. The STUDENT

record would thus be represented as shown in Figure 1.3. But a typical database user is not
concerned with the location of each data item within a record or its length; rather, the
concern is that when a reference is made to Name of STUDENT, the correct value is returned. A
conceptual representation of the STUDENT records is shown in Figure 1.2. Many other details of
file storage organization-such as the access paths specified on a file---can be hidden from
database users by the DBMS; we discuss storage details in Chapters 13 and 14.

In the database approach, the detailed structure and organization of each file are
stored in the catalog. Database users and application programs refer to the conceptual
representation of the files, and the DBMS extracts the details of file storage from the
catalog when these are needed by the DBMS file access modules. Many data models can be
used to provide this data abstraction to database users. A major part of this book is
devoted to presenting various data models and the concepts they use to abstract the
representation of data.

In object-oriented and object-relational databases, the abstraction process includes
not only the data structure but also the operations on the data. These operations provide
an abstraction of miniworld activities commonly understood by the users. For example,
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Sectionld I
Student Transcript

I Grade Semester
(a) ITRANSCRIPT i StudentName C-~-N~--b-'----'-----'---,----,-------I

ourse um er Year

Smith
C Fall

8 Fall

A Fall

119

112

85

Brown
A Fall

8 Spring
A Fall

92

102

135

(b) I PREREOUISITES CourseName CourseNumber Prerequisites

Database

FIGURE 1.4 Two views derived from the database in Figure 1.2. (a) The STUDENT TRANSCRIPT view.
(b) The COURSE PREREQUISITES view.

an operation CALCULATE_CPA can be applied to a STUDENT object to calculate the grade point
average. Such operations can be invoked by the user queries or application programs
without having to know the details of how the operations are implemented. In that sense,
an abstraction of the miniworld activity is made available to the user as an abstract
operation.

1.3.3 Support of Multiple Views of the Data
A database typically has many users, each of whom may require a different perspective or
view of the database. A view may be a subset of the database or it may contain virtual data
that is derived from the database files but is not explicitly stored. Some users may not need
to be aware of whether the data they refer to is stored or derived. A multiuser DBMS whose
users have a variety of distinct applications must provide facilities for defining multiple
views. For example, one user of the database of Figure 1.2 may be interested only in access­
ing and printing the transcript of each student; the view for this user is shown in Figure
1.4a.A second user, who is interested only in checking that students have taken all the pre­
requisites of each course for which they register, may require the view shown in Figure lAb.

1.3.4 Sharing of Data and Multiuser
Transaction Processing

A multiuser DBMS, as its name implies, must allow multiple users to access the database at
the same time. This is essential if data for multiple applications is to be integrated and
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12 I Chapter 1 Databases and Database Users

maintained in a single database. The DBMS must include concurrency control software to
ensure that several users trying to update the same data do so in a controlled manner so
that the result of the updates is correct. For example, when several reservation clerks try
to assign a seat on an airline flight, the DBMS should ensure that each seat can be accessed
by only one clerk at a time for assignment to a passenger. These types of applications are
generally called online transaction processing (OLTP) applications. A fundamental role
of multiuser DBMS software is to ensure that concurrent transactions operate correctly.

The concept of a transaction has become central to many database applications. A
transaction is an executing program or process that includes one or more database accesses,
such as reading or updating of database records. Each transaction is supposed to execute a
logically correct database access if executed in its entirety without interference from
other transactions. The DBMS must enforce several transaction properties. The isolation
property ensures that each transaction appears to execute in isolation from other
transactions, even though hundreds of transactions may be executing concurrently. The
atomicity property ensures that either all the database operations in a transaction are
executed or none are. We discuss transactions in detail in Part V of the textbook.

The preceding characteristics are most important in distinguishing a DBMS from
traditional file-processing software. In Section 1.6 we discuss additional features that
characterize a DBMS. First, however, we categorize the different types of persons who work
in a database system environment.

1.4 ACTORS ON THE SCENE
For a small personal database, such as the list of addresses discussed in Section 1.1, one
person typically defines, constructs, and manipulates the database, and there is no shar­
ing. However, many persons are involved in the design, use, and maintenance of a large
database with hundreds of users. In this section we identify the people whose jobs involve
the day-to-day use of a large database; we call them the "actors on the scene." In Section
1.5 we consider people who may be called "workers behind the scene"-those who work
to maintain the database system environment but who are not actively interested in the
database itself.

1.4.1 Database Administrators
In any organization where many persons use the same resources, there is a need for a chief
administrator to oversee and manage these resources. In a database environment, the pri­
mary resource is the database itself, and the secondary resource is the DBMS and related
software. Administering these resources is the responsibility of the database administra­
tor (DBA). The DBA is responsible for authorizing access to the database, for coordinating
and monitoring its use, and for acquiring software and hardware resources as needed. The
DBA is accountable for problems such as breach of security or poor system response time.
In large organizations, the DBA is assisted by a staff that helps carry out these functions.
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1.4 Actors on the Scene I 13

1.4.2 Database Designers
Database designers are responsible for identifying the data to be stored in the database
and for choosing appropriate structures to represent and store this data. These tasks are
mostly undertaken before the database is actually implemented and populated with data.
It is the responsibility of database designers to communicate with all prospective database
users in order to understand their requirements, and to come up with a design that meets
these requirements. In many cases, the designers are on the staff of the DBA and may be
assigned other staff responsibilities after the database design is completed. Database
designers typically interact with each potential group of users and develop views of the
database that meet the data and processing requirements of these groups. Each view is
then analyzed and integrated with the views of other user groups. The final database design
must be capable of supporting the requirements of all user groups.

1.4.3 End Users
End users are the people whose jobs require access to the database for querying, updating,
and generating reports; the database primarily exists for their use. There are several cate­
gories of end users:

• Casual end users occasionally access the database, but they may need different
information each time. They use a sophisticated database query language to specify
their requests and are typically middle- or high-level managers or other occasional
browsers.

• Naive or parametric end users make up a sizable portion of database end users. Their
main job function revolves around constantly querying and updating the database,
using standard types of queries and updates-called canned transactions-that have
been carefully programmed and tested. The tasks that such users perform are varied:

Bank tellers check account balances and post withdrawals and deposits.

Reservation clerks fur airlines, hotels, and car rental companies check availability for
a given request and make reservations.

Clerks at receiving stations for courier mail enter package identifications via bar
codes and descriptive information through buttons to update a central database of
received and in-transit packages.

• Sophisticated end users include engineers, scientists, business analysts, and others
who thoroughly familiarize themselves with the facilities of the DBMS so as to imple­
ment their applications to meet their complex requirements.

• Stand-alone users maintain personal databases by using ready-made program packages
that provide easy-to-use menu-based or graphics-based interfaces. An example is the
user of a tax package that stores a variety of personal financial data for tax purposes.

A typical DBMS provides multiple facilities to access a database. Naive end users need
to learn very little about the facilities provided by the DBMS; they have to understand
only the user interfaces of the standard transactions designed and implemented for their
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14 I Chapter 1 Databases and Database Users

use. Casual users learn only a few facilities that they may use repeatedly. Sophisticated
users try to learn most of the DBMS facilities in order to achieve their complex
requirements. Stand-alone users typically become very proficient in using a specific
software package.

1.4.4 System Analysts and Application Programmers
(Software Engineers)

System analysts determine the requirements of end users, especially naive and parametric
end users, and develop specifications for canned transactions that meet these require­
ments. Application programmers implement these specifications as programs; then they
test, debug, document, and maintain these canned transactions. Such analysts and pro­
grammers-commonly referred to as software engineers-should be familiar with the full
range of capabilities provided by the DBMS to accomplish their tasks.

1.5 WORKERS BEHIND THE SCENE
In addition to those who design, use, and administer a database, others are associated with
the design, development, and operation of the DBMS software and system environment.
These persons are typically not interested in the database itself. We call them the "work­
ers behind the scene," and they include the following categories.

• DBMS system designers and implementers are persons who design and implement
the DBMS modules and interfaces as a software package. A DBMS is a very complex
software system that consists of many components, or modules, including modules
for implementing the catalog, processing query language, processing the interface,
accessing and buffering data, controlling concurrency, and handling data recovery
and security. The DBMS must interface with other system software, such as the operat­
ing system and compilers for various programming languages.

• Tool developers include persons who design and implement tools-the software
packages that facilitate database system design and use and that help improve perfor­
mance. Tools are optional packages that are often purchased separately. They include
packages for database design, performance monitoring, natural language or graphical
interfaces, prototyping, simulation, and test data generation. In many cases, indepen­
dent software vendors develop and market these tools.

• Operators and maintenance personnel are the system administration personnel who
are responsible for the actual running and maintenance of the hardware and software
environment for the database system.

Although these categories of workers behind the scene are instrumental in making
the database system available to end users, they typically do not use the database for their
own purposes.
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1.6 ADVANTAGES OF USING THE DBMS
ApPROACH

In this section we discuss some of the advantages of using a DBMS and the capabilities that
a good DBMS should possess. These capabilities are in addition to the four main character­
istics discussed in Section 1.3. The DBA must utilize these capabilities to accomplish a
variety of objectives related to the design, administration, and use of a large multiuser
database.

1.6.1 Controlling Redundancy
In traditional software development utilizing file processing, every user group maintains its
own files for handling its data-processing applications. For example, consider the UNIVERSITY

database example of Section 1.2; here, two groups of users might be the course registration
personnel and the accounting office. In the traditional approach, each group independently
keeps files on students. The accounting office also keeps data on registration and related
billing information, whereas the registration office keeps track of student courses and grades.
Much of the data is stored twice: once in the files of each user group. Additional user groups
may further duplicate some or all of the same data in their own files.

This redundancy in storing the same data multiple times leads to several problems.
First, there is the need to perform a single logical update-such as entering data on a new
student-multiple times: once for each file where student data is recorded. This leads to
duplication of effort. Second, storage space is wastedwhen the same data is stored repeatedly,
and this problem may be serious for large databases. Third, files that represent the same
data may become inconsistent. This may happen because an update is applied to some of
the files but not to others. Even if an update-such as adding a new student-is applied to
all the appropriate files, the data concerning the student may still be inconsistent because
the updates are applied independently by each user group. For example, one user group
may enter a student's birthdate erroneously as JAN-19-1984, whereas the other user groups
may enter the correct value of JAN-29-1984.

In the database approach, the views of different user groups are integrated during
database design. Ideally, we should have a database design that stores each logical data
item-such as a student's name or birth date-in only one place in the database. This
ensures consistency, and it saves storage space. However, in practice, it is sometimes
necessary to use controlled redundancy for improving the performance of queries. For
example, we may store Studentl-Jame and CourseN umber redundantly in a GRADE_REPORT

file (Figure 1.5a) because whenever we retrieve a GRADE_REPORT record, we want to
retrieve the student name and course number along with the grade, student number,
and section identifier. By placing all the data together, we do not have to search
multiple files to collect this data. In such cases, the DBMS should have the capability to
control this redundancy so as to prohibit inconsistencies among the files. This may be
done by automatically checking that the StudentName-StudentNumber values in any
GRADE_REPORT record in Figure 1.5a match one of the Name-StudentNumber values of a
STUDENT record (Figure 1.2). Similarly, the SectionIdentifier-CourseNumber values in
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"-_._--- -
SectionldentifierL~<:)~~~-~Numbe;ORT StudentNumber StudentName Grade

17 Smith 112 I MATH2410 BI
17 Smith 119 __~_CS1310 tt,_.-

8 Brown 85 MATH2410._._-
8 Brown 92 CS1310 A

f---

8 I Brown 102 CS3320 B
.~._._---

8 Brown 135 CS3380 A.,--- '--

(b) GRADE_REPORT StudentNumber StudentName Sectionldentifier ICourseNumber IGrade I
17 Brown 112 I -MATH2410 ' B I

FIGURE 1.5 Redundant storage of StudentName and CourseNumber in GRADE_REPORT. (a) Consistent
data. (b) Inconsistent record.

GRADE_REPORT can be checked against SECTION records. Such checks can be specified to

the DBMS during database design and automatically enforced by the DBMS whenever the
GRADE_REPORT file is updated. Figure 1.5b shows a GRADE3EPORT record that is inconsistent
with the STUDENT file of Figure 1.2, which may be entered erroneously if the redundancy
is not controlled.

1.6.2 Restricting Unauthorized Access
When multiple users share a large database, it is likely that most users will not be autho­
rized to access all information in the database. For example, financial data is often consid­
ered confidential, and hence only authorized persons are allowed to access such data. In
addition, some users may be permitted only to retrieve data, whereas others are allowed
both to retrieve and to update. Hence, the type of access operation-retrieval or
update-must also be controlled. Typically, users or user groups are given account num­
bers protected by passwords, which they can use to gain access to the database. A DBMS
should provide a security and authorization subsystem, which the DBA uses to create
accounts and to specify account restrictions. The DBMS should then enforce these restric­
tions automatically. Notice that we can apply similar controls to the DBMS software. For
example, only the DBA's staff may be allowed to use certain privileged software, such as
the software for creating new accounts. Similarly, parametric users may be allowed to
access the database only through the canned transactions developed for their use.

1.6.3 Providing Persistent Storage for Program Objects
Databases can be used to provide persistent storage for program objects and data struc­
tures. This is one of the main reasons for object-oriented database systems. Programming
languages typically have complex data structures, such as record types in Pascal or class
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definitions in c++ or Java. The values of program variables are discarded once a program
terminates, unless the programmer explicitly stores them in permanent files, which often
involves converting these complex structures into a format suitable for file storage. When
the need arises to read this data once more, the programmer must convert from the file
format to the program variable structure. Object-oriented database systems are compati­
ble with programming languages such as c++ and Java, and the DBMS software automati­
cally performs any necessary conversions. Hence, a complex object in c++ can be stored
permanently in an object-oriented DBMS. Such an object is said to be persistent, since it
survives the termination of program execution and can later be directly retrieved by
another c+ + program.

The persistent storage of program objects and data structures is an important
function of database systems. Traditional database systems often suffered from the so­
called impedance mismatch problem, since the data structures provided by the DBMS

were incompatible with the programming language's data structures. Object-oriented
database systems typically offer data structure compatibility with one or more object­
oriented programming languages.

1.6.4 Providing Storage Structures for Efficient Query
Processing

Database systems must provide capabilities for efficiently executing queries and updates.
Because the database is typically stored on disk, the DBMS must provide specialized data
structures to speed up disk search for the desired records. Auxiliary files called indexes are
used for this purpose. Indexes are typically based on tree data structures or hash data struc­
tures, suitably modified for disk search. In order to process the database records needed by a
particular query, those records must be copied from disk to memory. Hence, the DBMS often
has a buffering module that maintains parts of the database in main memory buffers. In
other cases, the DBMS may use the operating system to do the buffering of disk data.

The query processing and optimization module of the DBMS is responsible for
choosing an efficient query execution plan for each query based on the existing storage
structures. The choice of which indexes to create and maintain is part of physical database
design and tuning, which is one of the responsibilities of the DBA staff.

1.6.5 Providing Backup and Recovery
A DBMS must provide facilities for recovering from hardware or software failures. The
backup and recovery subsystem of the DBMS is responsible for recovery. For example, if
the computer system fails in the middle of a complex update transaction, the recovery
subsystem is responsible for making sure that the database is restored to the state it was in
before the transaction started executing. Alternatively, the recovery subsystem could
ensure that the transaction is resumed from the point at which it was interrupted so that
its full effect is recorded in the database.
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1.6.6 Providing Multiple User Interfaces
Because many types of users with varying levels of technical knowledge use a database, a
DBMS should provide a variety of user interfaces. These include query languages for casual
users, programming language interfaces for application programmers, forms and command
codes for parametric users, and menu-driven interfaces and natural language interfaces for
stand-alone users. Both forms-style interfaces and menu-driven interfaces are commonly
known as graphical user interfaces (GU Is). Many specialized languages and environ­
ments exist for specifying GUls. Capabilities for providing Web GUl interfaces to a data­
base-or Web-enabling a database-are also quite common.

1.6.7 Representing Complex Relationships among Data
A database may include numerous varieties of data that are interrelated in many ways.
Consider the example shown in Figure 1.2. The record for Brown in the STUDENT file is
related to four records in the GRADCREPDRT file. Similarly, each section record is related to
one course record as well as to a number of GRADE_REPDRT records-one for each student
who completed that section. A DBMS must have the capability to represent a variety of
complex relationships among the data as well as to retrieve and update related data easily
and efficiently.

1.6.8 Enforcing Integrity ~onstraints

Most database applications have certain integrity constraints that must hold for the data. A
DBMS should provide capabilities for defining and enforcing these constraints. The simplest
type of integrity constraint involves specifying a data type for each data item. For example,
in Figure 1.2, we may specify that the value of the Class data item within each STUDENT

record must be an integer between 1 and 5 and that the value of Name must be a string of
no more than 30 alphabetic characters. A more complex type of constraint that frequently
occurs involves specifying that a record in one file must be related to records in other files.
For example, in Figure 1.2, we can specify that "every section record must be related to a
course record." Another type of constraint specifies uniqueness on data item values, such as
"every course record must have a unique value for CourseNumber." These constraints are
derived from the meaning or semantics of the data and of the miniworld it represents. It is
the database designers' responsibility to identify integrity constraints during database
design. Some constraints can be specified to the DBMS and automatically enforced. Other
constraints may have to be checked by update programs or at the time of data entry.

A data item may be entered erroneously and still satisfy the specified integrity
constraints. For example, if a student receives a grade of A but a grade of C is entered in
the database, the DBMS cannot discover this error automatically, because C is a valid value
for the Grade data type. Such data entry errors can only be discovered manually (when
the student receives the grade and complains) and corrected later by updating the
database. However, a grade of Z can be rejected automatically by the DBMS, because Z is
not a valid value for the Grade data type.

Ex.1066 / Page 40 of 46
APPLE INC.

Ex.1066 / Page 40 of 46
APPLE INC.



1.6 Advantages of Usi ng the DBMS Approach I 19

1.6.9 Permitting Inferencing and Actions Using Rules
Some database systems provide capabilities for defining deduction rules for inferencing new
information from the stored database facts. Such systems are called deductive database
systems. For example, there may be complex rules in the miniworld application for deter­
mining when a student is on probation. These can be specified declaratively as rules,
which when compiled and maintained by the DBMS can determine all students on proba­
tion. In a traditional DBMS, an explicit procedural prof-,Jmm code would have to be written
to support such applications. But if the miniworld rules change, it is generally more con­
venient to change the declared deduction rules than to recode procedural programs. More
powerful functionality is provided by active database systems, which provide active rules
that can automatically initiate actions when certain events and conditions occur.

1.6.10 Additional Implications of Using the Database
Approach

This section discusses some additional implications of using the database approach that
can benefit most organizations.

Potential for Enforcing Standards. The database approach permits the DBA to
define and enforce standards among database users in a large organization. This facilitates
communication and cooperation among various departments, projects, and users within
the organization. Standards can be defined for names and formats of data elements,
display formats, report structures, terminology, and so on. The DBA can enforce standards
in a centralized database environment more easily than in an environment where each
user group has control of its own files and software.

Reduced Application Development Time. A prime selling feature of the
database approach is that developing a new application-such as the retrieval of certain data
from the database for printing a new report-takes very little time. Designing and
implementing a new database from scratch may take more time than writing a single
specialized file application. However, once a database is up and running, substantially less time
isgenerally required to create new applications using DBMS facilities. Development time using
a DBMS is estimated to be one-sixth to one-fourth of that for a traditional file system.

FIexibiii ty. It may be necessary to change the structure of a database as requirements
change. For example, a new user group may emerge that needs information not currently
in the database. In response, it may be necessary to add a file to the database or to extend
the data elements in an existing file. Modern DBMSs allow certain types of evolutionary
changes to the structure of the database without affecting the stored data and the existing
application programs.

Availability of Up-to-Date Information. A DBMS makes the database available
to all users. As soon as one user's update is applied to the database, all other users can
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immediately see this update. This availability of up-to-date information is essential for
many transaction-processing applications, such as reservation systems or banking databases,
and it is made possible by the concurrency control and recovery subsystems of a DBMS.

Economies of Scale. The DBMS approach permits consolidation of data and
applications, thus reducing the amount of wasteful overlap between activities of data­
processing personnel in different projects or departments. This enables the whole
organization to invest in more powerful processors, storage devices, or communication gear,
rather than having each department purchase its own (weaker) equipment. This reduces
overall costs of operation and management.

1.7 A BRIEF HISTORY OF DATABASE
ApPlICATIONS

We now give a brief historical overview of the applications that use DBMSs, and how these
applications provided the impetus for new types of database systems.

1.7.1 Early Database Applications Using Hierarchical
and Network Systems

Many early database applications maintained records in large organzations, such as corpo­
rations, universities, hospitals, and banks. In many of these applications, there were large
numbers of records of similar structure. For example, in a university application, similar
information would be kept for each student, each course, each grade record, and so on.
There were also many types of records and many interrelationships among them.

One of the main problems with early database systems was the intermixing of
conceptual relationships with the physical storage and placement of records on disk. For
example, the grade records of a particular student could be physically stored next to the
student record. Although this provided very efficient access for the original queries and
transactions that the database was designed to handle, it did not provide enough
flexibility to access records efficiently when new queries and transactions were identified.
In particular, new queries that required a different storage organization for efficient
processing were quite difficult to implement efficiently. It was also quite difficult to
reorganize the database when changes were made to the requirements of the application.

Another shortcoming of early systems was that they provided only programming
language interfaces. This made it time-consuming and expensive to implement new
queries and transactions, since new programs had to be written, tested, and debugged.
Most of these database systems were implemented on large and expensive mainframe
computers starting in the mid-1960s and through the 1970s and 1980s. The main types of
early systems were based on three main paradigms: hierarchical systems, network model
based systems, and inverted file systems.
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1.7.2 Providing Application Flexibility with Relational
Databases

Relational databases were originally proposed to separate the physical storage of data from
its conceptual representation and to provide a mathematical foundation for databases.
The relational data model also introduced high-level query languages that provided an
alternative to programming language interfaces; hence, it was a lot quicker to write new
queries. Relational representation of data somewhat resembles the example we presented
in Figure 1.2. Relational systems were initially targeted to the same applications as earlier
systems, but were meant to provide flexibility to quickly develop new queries and to reor­
ganize the database as requirements changed.

Early experimental relational systems developed in the late 1970s and the
commercial RDBMSs (relational database management systems) introduced in the early
1980s were quite slow, since they did not use physical storage pointers or record
placement to access related data records. With the development of new storage and
indexing techniques and better query processing and optimization, their performance
improved. Eventually, relational databases became the dominant type of database systems
for traditional database applications. Relational databases now exist on almost all types of
computers, from small personal computers to large servers.

1.7.3 Object-Oriented Applications and the Need for
More Complex Databases

The emergence of object-oriented programming languages in the 1980s and the need to
store and share complex-structured objects led to the development of object-oriented
databases. Initially, they were considered a competitor to relational databases, since they
provided more general data structures. They also incorporated many of the useful object­
oriented paradigms, such as abstract data types, encapsulation of operations, inheritance,
and object identity. However, the complexity of the model and the lack of an early stan­
dard contributed to their limited usc. They are now mainly used in specialized applica­
tions, such as engineering design, multimedia publishing, and manufacturing systems.

1.7.4 Interchanging Data on the
Web for E-Commerce

The World Wide Web provided a large network of interconnected computers. Users
can create documents using a Web publishing language, such as HTML (HyperText
Markup Language), and store these documents on Web servers where other users (cli­
ents) can access them. Documents can be linked together through hvpcrlinks, which
are pointers to other documents. In the 1990s, electronic commerce (e-commerce)
emerged as a major application on the Web. It quickly became apparent that parts of
the information on e-cornmerce Web pages were often dynamically extracted data from
DBMSs. A variety of techniques were developed to allow the interchange of data on the
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Web. Currently, XML (eXtended Markup Language) is considered to be the primary
standard for interchanging data among various types of databases and Web pages. XML

combines concepts from the models used in document systems with database modeling
concepts.

1.7.5 Extending Database Capabilities for New
Applications

The success of database systems in traditional applications encouraged developers of other
types of applications to attempt to use them. Such applications traditionally used their own
specialized file and data structures. The following are examples of these applications:

• Scientific applications that store large amounts of data resulting from scientific
experiments in areas such as high-energy physics or the mapping of the human
genome.

• Storage and retrieval of images, from scanned news or personal photographs to satel­
lite photograph images and images from medical procedures such as X-rays or MRI

(magnetic resonance imaging).

• Storage and retrieval of videos, such as movies, or video clips from news or personal
digital cameras.

• Data mining applications that analyze large amounts of data searching for the occur­
rences of specific patterns or relationships.

• Spatial applications that store spatial locations of data such as weather information
or maps used in geographical information systems.

• Time series applications that store information such as economic data at regular
points in time, for example, daily sales or monthly gross national product figures.

It was quickly apparent that basic relational systems were not very suitable for many of these
applications, usually for one or more of the following reasons:

• More complex data structures were needed for modeling the application than the
simple relational representation.

• New data types were needed in addition to the basic numeric and character string
types.

• New operations and query language constructs were necessary to manipulate the new
data types.

• New storage and indexing structures were needed.

This led DBMS developers to add functionality to their systems. Some functionality
was general purpose, such as incorporating concepts from object-oriented databases into
relational systems. Other functionality was special purpose, in the form of optional
modules that could be used for specific applications. For example, users could buy a time
series module to use with their relational DBMS for their time series application.

•
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1.8 WHEN NOT TO USE A DBMS
In spite of the advantages of using a DBMS, there are a few situations in which such a sys­
tem may involve unnecessary overhead costs that would not be incurred in traditional file
processing. The overhead costs of using a DBMS are due to the following:

• High initial investment in hardware, software, and training

• The generality that a DBMS provides for defining and processing data

• Overhead for providing security, concurrency control, recovery, and integrity
functions

Additional problems may arise if the database designers and DBA do not properly
design the database or if the database systems applications are not implemented properly.
Hence, it may be more desirable to use regular files under the following circumstances:

• The database and applications are simple, well defined, and not expected to change.

• There are stringent real-time requirements for some programs that may not be met
because of DBMS overhead.

• Multiple-user access to data is not required.

1.9 SUMMARY
In this chapter we defined a database as a collection of related data, where data means
recorded facts. A typical database represents some aspect of the real world and is used for
specific purposes by one or more groups of users. A DBMS is a generalized software package
for implementing and maintaining a computerized database. The database and software
together form a database system. We identified several characteristics that distinguish the
database approach from traditional file-processing applications. We then discussed the
main categories of database users, or the "actors on the scene." We noted that, in addition
to database users, there are several categories of support personnel, or "workers behind the
scene," in a database environment.

We then presented a list of capabilities that should be provided by the DBMS software
to the DBA, database designers, and users to help them design, administer, and use a
database. Following this, we gave a brief historical perspective on the evolution of
database applications. Finally, we discussed the overhead costs of using a DBMS and
discussed some situations in which it may not be advantageous to use a DBMS.

Review Questions
1.1. Define the following terms: data, database, DBMS, database system, database catalog,

program-data independence, user view, DBA, end user, canned transaction, deductive
database system, persistent object, meta-data, transaction-processing application.

1.2. What three main types of actions involve databases! Briefly discuss each.
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1.3. Discuss the main characteristics of the database approach and how it differs from
traditional file systems.

1.4. What are the responsibilities of the DBA and the database designers?
1.5. What are the different types of database end users? Discuss the main activities of

each.
1.6. Discuss the capabilities that should be provided by a DBMS.

Exercises
1.7. Identify some informal queries and update operations that you would expect to

apply to the database shown in Figure 1.2.
1.8. What is the difference between controlled and uncontrolled redundancy? Illus­

trate with examples.
1.9. Name all the relationships among the records of the database shown in Figure 1.2.

1.10. Give some additional views that may be needed by other user groups for the data­
base shown in Figure 1.2.

1.11. Cite some examples of integrity constraints that you think should hold on the
database shown in Figure 1.2.

Selected Bibliography
The October 1991 issue of Communications of the ACM and Kim (1995) include several
articles describing next-generation DBMSs; many of the database features discussed in the
former are now commercially available. The March 1976 issue of ACM Computing Surveys
offers an early introduction to database systems and may provide a historical perspective
for the interested reader.
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